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THE EFFECT OF RADIOACTRT: RADIATIONS AND 
X-RAYS ON ENZYilES. 


II. The Effect of Radevtioxs from: Radtom; Ehaxatiox ox 
Pepsix IX SoLunox, 

Br RAYMOND G. HUSSEY am> WILLIAM R. THOMPSON, 

{From the Laboratory of Biophysical Research of The Memorial Hospital and the 

Department of Pathology, Cornell Unieersily Medical College, Ne-jj York.) 

(Received for publication, June 12, 1923.) 

In a pre\nous communication* vre have reported observations on 
some aspects of a radiochemical reaction, effected by the radiations 
(beta and gamma) from radium emanation and its radioactive prod- 
ucts in equilibrium with it, in which the enz}Tne tiypsm is inac- 
tivTited. Our experiments brought out the significant fact that under 
definite conditions of irradiation, the change in the logarithm of the 
concentration of active brj-psin is a linear function of a ^'ariable,'I^'', 
which is algebraicall}' equal to the product of the average amount of 
radium emanation present, Ec, and the time of exposure, t; i.c., 
EJ = ir.= The c.xpcrimental results obtained are formulated in the 
following equation. 

log, Q - log, <3, = - iir (I) 

WTiere Q„ is the initial concentration of active trj'psin and Q is the 
concentration of active tiypsin found after the solution has been 

* Hussey, R. G., and Thompson, \V. R., /. Gen. Physiol., 1922-23, v, 647. 

' As c.xplaincd in a communication immediately following this one, IF repre- 
sents the amount of energy liberated by the radioactive source during a period of 
exposure and sliould therefore be measured in cnergx’ units. In order to give 
clc.ar definition to the variables involved in the c.Tpcrimcnts vre has'c introduced 
a unit oi measure of actixnty P which we have named the ewk-penser. The 
amount of eman.ation in equilibrium and the actixity of the preparation arc 
numerically equal, therefore the relation Ej <= m IF exists, and If' is 
mcasurc'l in terms of the energ>‘ unit en'k-psa-.T hour. 

I 
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irradiated for a given value of W. The concentration of the enzyme 
is expressed in arbitrary units. When this equation is solved for k 
we obtain 


k = 



( 2 ) 


We have found that pepsin in solution is also inactivated by the 
radiations discussed. The results of our experiments indicate that 
the law expressing the quantitative relation between the. variables, 
Q and W, when trypsin solutions are irradiated holds satisfactorily 
for pepsin solutions too. The data obtained from observations 
made following the exposures of 4.6 cc. of a 1 per cent solution of 
pepsin (Fairchild’s) to the radiations (beta and gamma) from radium 
emanation for the “millicurie hour periods” indicated were as follows: 


Millicurie hours 

0' 

Units of active pepsin found. 

Q 

^ }V Q 

kx 101 


Q , = 1.30 


2662 

1.12 

5.61 

5900 

0.950 

5.35 

9810 

0.776 

5.25 


The value for Qo is the average of six observations and the values 
-given for Q are the average of tu^o. 

The graphic presentation of the results is given in Fig. 1, where 
it will be obsen^ed that log Q is a linear function of the variable, 
W, as is required to satisfy equation (1). 


Techvical Procedure. 

The pepsin solution was prepared as follows: S gm. of Fairchild’s 
powdered pepsin were scattered over the surface of 100 cc. of 0.06 ir 
hydrochloric acid contained in a 500 cc. pyrex glass beaker. After 
standing overniglit at room temperature, the solution was stirred 
and poured into a pyrex glass flask. This flask with the pepsin 
solution was then placed in a water bath for 24 hours. The tempera- 
ture of the bath was maintained at 34° =t 0.02°C. One part of the 
resulting solution mixed with four parts of distilled water was the 
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dUution used in the test. This solution was of about pH 4.2, as 
determined colorimetricall)^ and 0.5 cc. contained 1.30 units of 
active pepsin. 

The activity' of the pepsin in solution was determined by North- 
rop’s \iscosity method.^ The gdatin solution employed was pre- 
pared by adding 25 cc. of m/30 Hs PO 4 to 975 cc. of an aqueous solu- 
tion of isoelectric gelatin containing a suffident amount of gelatin 
to make the final preparation 3 per cent gelatin by dry wei^t. This 
solution had a pH of about 4.4, and about 185 seconds were re- 
quired for 5 cc. to pass through the \'iscosity pipette. 



The arrangement for irradiating the pepsin solutions differed 
somewhat from that stated for our predous investigation with trj’p- 
sin. The radium emanation was contained in a spherical glass bulb 
which was fused to a length of fine glass rod. The outside diameter 
of the bulb was approximately 3 mm. The wall was sufiidently 
thick to prevent the passage of « radiations, but interfered only 
slightly with the passage of ^ and y radiations. In all the tests the 
pepsin solution was put into a spherical bulb of 4.6 cc. volume and 

•• Northrop. J . II., -rd Huvwy, R, G.. /. Gtr.. Phyzicl., 1922-25, v, 353. 
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the small bulb containing the emanation was placed as near the 
center of the solution as possible. The thickness of the absorbing 
layer for the radiations emitted from the radium emanation was 
approximately 9.6 mm. This arrangement permitted the absorption 
of practically all the /5 radiations emitted. The bulb containing the 
test was kept in melting ice during each e.xposure. 

DISCUSSION. 

It is of interest to note that when the same volume of dilute ti^’psin 
solutions is irradiated under the conditions described above for 
pepsin, we find that the rate of the reaction is approximately twenty 
times as great. In addition to fundamental concepts involved in 
discussing the variations in the speed of chemical reactions in general, 
there are other factors to consider in comparing the difference observed 
in the speeds of these turn radiochemical reactions. For example, in 
both of these chemical systems, we have different amounts of foreign 
material which go into solution with the enzyme. Necessarily 
this material absorbs a certain amount of energy which will not be 
utilized in effecting the chemical change under consideration. In 
the pepsin solution, the amount of this material is much greater than 
in the trypsin solution. We have to further regard possible differ- 
ences in the effect of the radiations on the enzyme inhibitor compound 
in the two solutions. It seems at this time not improbable that 
experiments can be made which will throw some light on what bear- 
ing these factors have on the issue. 

Whether this law of radiochemical change has wider application 
remains to be determined by similar esperiments with other chemical 
systems. If this is foimd to be the case it would appear that we 
have a possible method which will permit a quantitative determina- 
tion of the relative effect of various forms of radiant energy. Fur- 
ther investigations of these radiochemical reactions may lead to the 
development of a basis for the interpretation of the reactions effected 
in h'ving matter by these forms of radiant energy. 


N 
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CON'CLUSIO:C. 

Pepsin in solution is inactivated by the radiations (beta and 
gamma) from radium emanation. This chemical effect has been 
studied quantitatively. 

The principles involved in this radiochemical reaction are appar- 
ently the same as those found in the case of trj’psin pre\'iousIy 
reported; namely, the change in the logarithm of the concentration of 
active enzyme varies directly -with the variable, TT^ 




TBE EFFECT OF RADIOACTOT: RADLATIONS AIs'D 
X-RAYS ON enzy:mes. 


m. A Unit of AIeasuke of Acm'rry for Radiuh 
Emanation. 

By RAYMOND G. HUSSEY anu WTLLLAM R. THOMPSON. 

{From the Laboratory of Biophysical Research of The Memorial Hospital and the 
Department of Pathology, Cornell Unhersity Medical College, Heu:' York.) 

(Received for publication, July 30, 1923.) 

In our studies on the radiochemical reaction effected by the radia- 
tions (beta and gamma) from radium emanation in which enzjmes 
are inactivated we have stated that in a given system the chemical 
change is a function of the product of tn-o A-ariables; namely, the 
average amount of emanation present, £», and time, t. The product of 
these two variables has been equated to a single \-ariabIe, II', for which 
we have employed the e-ypression “millicurie hours” as a unit of meas- 
ure. This is not, however, a suitable unit of measure of the quantitj' 
of energ}' which TI' represents. That no other e,Ypression has been 
awilable is due to the circumstance that up to the present time but 
little attention has been given to making clear a distinction betu'een 
activit}’^ and amount of radium emanation. The curie is defined as 
tlie amount of emanation in equilibrium with 1 gm. of radium element. 
In our e.yperiments we are concerned not only with the amount of 
emanation but more particularly with the aclivily or perxer^ of the 
preparation, for which no unit has yet been assigned. In this commu- 
nication we shall endeavor to show the desirability of ha\ing such a 
unit and suggest what appears to us to be one that will meet our 

’ tVe use activity .and paver s^Tiononiously in the sense in which the w-ords arc 
defined in ph\-sics. Cf. Duff, .A. IV.j.A ta\t-book of phj-s:cs, Philacdphia, 1916, 
•5th edition, -54. It is ncccssaiy th.it wc ernphasiae this definition since activity 
is sometimes used in a descriptive sense in discussions on mdionctivc rediations. 
Thus, actirity is used to denote the "intensity'’ of electrical, or other effect, cf the 
radblions from one radioactive substance compared to another. 
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requirements, A simple means of developing a concept for this unit 
is suggested by the experimental fact that the activity of any given 
preparation of radium emanation is proportional to the amount of 
emanation present. Indeed, the measurement of amount of radium 
emanation is based on this fact. 

Energy is liberated from radium emanation and its radioactive 
products in equiUbrium with it as Idnetic energy; contributed by four 
principal components; namely, alpha, beta, and gamma radiations 
and recoil atoms. The rate of liberation of this energy has been 
measured by Rutherford b3’- means of converting the kinetic energy of 
these components into heat. From observations made in an experi- 
mental arrangement which permitted nearly complete absorption of 
tlie radiations emitted from 1 curie of radium emanation and its radio- 
active products in equilibrium witli it, Rutherford- found the rate of 
liberation of energy expressed in heat units, to be approximately 109.3 
gram calories per hour. T/iis rate of liberation of energy by the above 
mentioned source we propose to define as a unit of power or activity of 
such a radioactive source. As a name for this unit "we suggest the 
expression curie-power. Accordingly the power or activity, which we 
shall denote as P, of a given preparation of radium emanation, e:q)ressed 
in terms of the unit curie-power,^ is numerically equal to the amount 
of emanation present, expressed in curies; i.e., the variables, E and P, 
are algebraically equal. We can express the relation of the variables 
considered as follows; 

^ TF (1) 

in which Ea is e.xpressed in units of mass, curies; Pa is expressed in 
units of activity, the curie-power; t is time expressed in hours in each 
case. Then W, representing a quantity of energy, is identical with 
the product Pat, i.e. power and time, is eq)ressed in energy tmits 

-Rutherford, E., Radioactive substances and their radiations, Cambridge, 
1913 , 580 . 

^ The unit, curie-power, will have the same significance in radium emanation 
measurements that the unit, candle-power, has in illumination measurements. 
The appropriateness of this name may be questioned but at the present time it 
appears to us the most fitting one we can suggest. For practical purposes the 
millicurie-power is used for convenience. 
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as it should be. Since the unit of aclivHy is the curie-power, the 
energy mil mil be designated the curie-power hour and 1 curie-power 
hour is equal to 109.3 gram calories. 

We shall now consider the principles involved in the determina- 
tion of the quantity of radium emanation and indicate that the 
determination is based on the measure of relaiive aciivily or power. 
For example, amoimts of emanation are determined by comparing 
the ionizing effect of the gamma radiations emitted by a source of 
unknown value with the effect of the same kind of radiations emitted 
by a standard source containing emanation in equilibrium with a 
known amount of radium clement. The ionization is effected in 
air contained in an ionization chamber and the measurements are 
made under fixed conditions of observation. WTien ionization of a gas 
is effected by these radiations in an electric field where the potential 
gradient is sufficiently great to practically prevent the recombina- 
tion of ions produced, the electric current which flows is called the 
saturation current. The magnitude of this current depends upon 
the number of pairs of ions produced per unit time and its value is 
the measure of the ionizing effect of the radiations. Tt is therefore 
a measure of the rale of produclion of ions. Since the production of 
ions depends upon the ahilily of the raeffations to do work it follow's 
that the number of pairs of ions produced per unit time depends upon 
the amount of work done per unit time by the radiations. Clearly 
then, in a given system, the rate of production of ions varies with the 


power or ccihity of the radioactive source. ■i\Tien the value for the 
rclathc activity of two preparations is desired, as in the case of radium 
emanation measurements, it is necessaiy that the ionization be ef- 
fected by radiations of the same kind or quality. 

I'he use of the units suggested above permits us to make a more 
comprehensive statement of our experimental results already pub- 
hshed.^'’^ The relation which was found to e.\-ist between the chemi- 
cal change obseivcd and the variable, II', is stated by the equation 


0 - log - jtir 


* Hu' .cv, R.G.. 
' He'vy.U.Ci., 


.•'.r.fl Thomjifon, \V. R.,J. Gen. Physic'.., 
ar.d Thompson, tV. R., J. Gen. Physic’..] 


1922- 23, V, 647. 

1923- 24, I. 


( 2 ) 
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where the logarithms are to the base c; Q, is the initial concentration 
of active enzyme expressed in arbitrary units; Q is the concentration 
of active enzyme found following an exposure of the enzyme solution 
to the radiations discussed, for a given increment of energy, W.'^ 
W is expressed in millicnric-powcr hours. From equation (1) we 
can vTite 


Now 


Since 

Whence 



(3) 


In any experiment is constant, therefore equation (2) may be 
■nnitten 

log e = - iw + C 

which on differentiation becomes 


1 dW 

- — = - or dQ = -kQdW (4) 

from equation (3) it is evident that Pd(^ = dW and if we substitute 
this value of dJF in equation (4) we can write tlie differential equa- 
tion for the entire experiment; i.e., 

dQ = - kQPdl (5) 


®It is evident from the preceding discussion that IT^ represents the total 
energy- liberated by the radioactive source during the period of exposure. Accord- 
ing to Rutherford’s data referred to, the energj’ contributed per hour per curie by 
the different components, e.xpressed in gram calories, is as follows: alpha radiations 
and recoil atoms, 98.5; beta radiations, 4.3; and gamma radiations 6.5; total 109.3. 
In the arrangement employed for our axperiments the alpha radiations and recoil 
atoms cannot penetrate the walls of the container in which the emanation is con- 
fined. Some low velocity beta radiations also fail to penetrate tlie walls of tlie 
container. In any experiment then we have available less than 10.8 gram calories 
per hour, per curie. Unfortmiately, in the paper referred to in foot-note 4 tliese 
values are not correctly stated. 
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Hence it follows that the time rate of change in the concentration of 
active enzyme is proportional to the concentration of the active 
enzyme and the activity or pcmer of the radium emanation. 

CONCLUSION. 

In this communication we have introduced a unit to express 
activity or power of a given preparation of radimn emanation. 
We have named this unit the citrie-pawer and dehned it as the activity 
oj 1 curie oj radium emanation and its radioactive products in equilib- 
rium with it. We suggest the introduction of this unit in order that 
we may make a more comprehensive statement of our experimental 
observation. 

In the radiochemical reaction effected by the radiations (beta 
and gamma) from radium emanation in which enzymes are inactivated 
the chemical change in a given system is a function of the product of 
two variables; namely, the average actiwty of the radium emanation, 
Pa, e.xpressed in terms of the unit millicurie-porwer, and time, /, 
expressed in hours. This product has the . dimensions of energy 
and is identical with W which is measured in terms of the energy 
unit, milUcuric-power hours. 




THE MINTMUM CONCENTRATION OF OXYGEN FOR 
LUMmESCENCE BY LULUNOUS BACTERIA. 


By E. newton HAR\'EY aot THOMAS F. MORRISON. 
[From the Physiological Laboratory, Princeton Unkersity, Princeton) 

(Received for publication, Jul 3 ’^ 9, 1923.) 


It has been recognized for a long time that lu min ous organisms 
require very little oxygen for light production, so little in fact that 
some obsen’^ers have declared the luminescence to occur without 
oxj'gen.' Although it is sometimes difficult to free a solution of a 
luminescent substance from the last traces of oxygen, and this fact 
is responsible for the controversy, it is safe to say that all biolumines- 
cence is dependent on dissolved oxygen.- 
This statement is easily verified, as far as luminous bacteria are 
concerned, by allouing an emulsion of luminous bacteria in sea water 
to stand in a test-tube. In a short time, depending on the number of 
bacteria present, the tube, formerly glowing throughout, becomes 
perfectly dark except at the surface in contact with air. The bacteria 
have used up all the oxj'gen in the sea water. Beijerinck* employed 
tills metliod to demonstrate the acti\'it>’- of chloroplasts in decom- 
posing CO:, apart from the li^•ing plant cell. A mixture of luminous 
bacteria and thoroughly ground clover leaves containing suspended 
cliloroplasts was allowed to stand in perfect darkness until all the 
ox}-gen dissolved in the emulsion had been used up, and the tube 
became dark. If a match were now lighted, the light, striking the 
chloroplasts, caused them to decompose CO:, as during photos}!!- 
thesis, witli consequent liberation of oxygen. The oxygeji formed 
then caused the luminous bacteria to glow for a short time, until 
again used up. 

In the above cxpcrinicnt we employ luminous bacteria as a test 
for oxygen and it is proper to inquire what concentration of oxj-gen 


I K.nr,d.i, S., .Jr:. J. Physiol., 1919-20. 1. 514. 

1'- N'.. Am. J. Physiol., 1920, li. S 
• M. \V., Lon. ahaj. ran votensch. 


SO. 

Ic Ans'erdan:, 


1902, jv, 45. 
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can be detected in this way. It is quite obwous that in any deter- 
mination of such a small concentration of oxj^gen, (1) the emulsion 
of luminous bacteria must be continually maintained in equilibrium 
with some inert gas containing so small a percentage of oxygen that 
a just perceptible light is produced; (2) the concentration of luminous 
bacteria must be suffidently small so that the continuous utilization 
of oxygen by the bacteria does not disturb the equilibrium. These 
tw'o conditions have been realized in the experiments described in 
this paper. The continual maintenance of equilibrium is easily 
obtained fay rapid bubbling of the gas mixture through the bacterial 
emulsion which was well below the concentration, as determined by 
experiment, at which an appreciable amount of oxygen was used. 

The method of mixing gases by means of flow-meters, so widely 
used during the war, was employed. The apparatus is shown in 
Fig. 1. From a tank of electrolytic hydrogen, hydrogen gas, con- 
taining 0.0034 by volume oxygen (as determined by analysis), passed 
through a Y-tube to two flow-meters, A and B. The gas which 
passed through the A flow'-meter, giring a rapid flow, had all of its 
oxygen removed by passing through a quartz tube, C, over platinized 
asbestos^ heated to dull redness, and was absolutely pure hydrogen,® 
so far as oxygen ivas concerned. The gas passing the B flow-meter, 
which contained a very fine capillary, and hence a slow flow of gas, 
contained the same amoimt of oxygen as tliat in the tank, 0.0034. 
The gases from A and B were mixed at the three-way cock, D, and 
passed through the bacterial emulsion in the tube, B. A safety 
trap at F and needle valves at the tank and at G to regtflate the flow 
of gas, completed the arrangements. All parts of the apparatus 
train were glass joints or connections of lead tubing with de Kho- 
tinsky cement, the only rubbet coimection being a thick short tube 
between Z> and B, and another making connection with the hydrogen 
tank before the hydrogen passed over the platinized asbestos. It is 

^ In some experiments a platinum spiral heated red hot by passing an electric 
ciurent through it was substituted for the platinized asbestos. Both gave efficient 
oxygen removal. 

® Dr. H. S. Taylor of Princeton Fniversity has very kindly calculated for us 
that hydrogen so treated would contain oxj'gen at a pressure of 2 X 10“*® at- 
mospheres, a negligible quantity. 
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not possible to keep pure hydrogen free of oxygen if it is carried 
through any distance of rubber tubing. In order to prevent con- 
tamination of pure hydrogen rvith oxygen dissolved in the manom- 
eter fluids the A flow-meter manometer, after careful washing out 
with pure hydrogen, was filled with alkaline pyrogallol solution 
from n, while the B flow-meter manometer contained water in 
equilibrium with hydrogen containing 0.0034: oxygen, filled from J . 

Once a flow-meter has been calibrated for a given gas in terms 
of the difference in pressure at the two ends of the capillary, it can 
be used at any time for the same gas and with the same manometer 
fluid. Calibration of A and B was effected by determining the time 
necessar}’’ for a given volume of hydrogen gas to pass through when 
the difference in pressure at the ends of the capillary was varied, 
and a cur\"e drawn relating cubic centimeter flow per second to 
pressure difference. Rate of flow through A varied in the range of 
pressure differences actually used from 2.53 cc. per second at 14 cm. 
to 3.17 cc. per second at 18 cm. alkaline pyrogallol solution. Rate 
of flow through B \-aried from 0.006055 cc. per second at 24 mm. to 
0.0078S8 cc. per second at 32 mm. water. 

The percentage of oxygen in the hydrogen was determined by 
passing the gas through a long tube of CaCU to dr>' it, then over 
hot platinized asbestos which formed water, by combination of 
any o.xygen with the hydrogen. The gas then passed through two 
small U-tubes filled with CaCl: to collect the water formed, and was 
measured over water in a collecting flask. The second CaCl: U- 
tubc was not neccssarj' as weighings showed no increase in weight. 
.\11 the water was absorbed by the first tube. The second tube 
scr\-ed as a control. 2400 cc. of gas at 18'C. and 767 mm. Hg gave 
0.0122 gm. water, an average of three determinations within 0.1 mg. 
of each other. Reduced to O'C. and 760 mm. pressure and corrected 
for the ^•apor tension of water at 1S°C., 2227 cc. of hydrogen con- 
tained 7.5S9 cc. of o.xj’gen at O^’C. and 760 mm. or 0.0034, 0.34 per 
cent. 

.\n actual determination of the oxygen necessarj' for luminescence 

run somewhat as follows: .-Ifter flushing out the whole apparatus 
with tank hydrogen through its Aarious exits, the quartz tube, C, 
With its platini.-'cd asbestos is heated and -4, as well as vessel 77, 
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containing alkaline pyrogallol, flushed out B-ith oxygen-free hydrogen. 
The alkaline pyrogallol is then allowed to flow into the arms of the 
manometer tube. The water in J is then brought into equilibrimn 
with tank hydrogen by shaking and refilling with tank hydrogen 
several times and then allowed to flow into the manometer of the 
B flow-meter. The emulsion of luminous bacteria' in sea water is 
placed in E which is then attached to the three-way cock, D, so 
turned that pure hydrogen gas alone passes through the bacteria. 
The flow is regulated by turning the needle \^lve at the hydrogen 
tank to give a flow of gas, corresponding to a difference in level of 
about 16.7 cm. alkahne pyrogallol solution. With needle valve, 
G, shut so that no flow of gas passes the B flow-meter, the bacteria 
in E are absolutely dark. Obsen^ations must be made in a black 
box in a dark room to prevent confusion from reflected h’ght, and the 
eyes perfectly dark adapted. Upon now opening needle valve, G 
very slowly to admit more and more tank hydrogen and hence a 
little cxj^gen, the bacteria just begin to glow at approximately 25 
mm.^ water difference of pressure of B, corresponding to 0.00630 cc. 
per second. The level in the A flow-meter will have changed sh'ghtly 
perhaps to 16.6 cm., corresponding to 3.00847 cc. per second. There 
is thus passing through the bacterial emulsion 3.01477 cc. of gas 
0.00630 . . , 

each second, of which - - , is supph'ed by the B flow-meter and 
’ 3.014// 

of this gas supplied by the B flow-meter 0.0034, or 0.34 per cent, is 
o.xygen. A simple calculation shows that in the gas flomhg through 
the luminous bacteria there is 0.0000071 o.xj^gen, or 0.0007 per cent. 
This corresponds to one part oxygen in 143,000 parts hydrogen by 
volume, or 0.0053 mm. Hg oxygen pressure. Assuming that Henry’s 
law holds, since 1 cc. of sea water dissolves about 0.027 cc. of oxy^gen^ 
at 20°C. and 760 mm. Hg there will be present in each cubic centi- 
meter of the sea water containing luminous bacteria gloumg very 

' The luminous bacteria were isolated from fish obtained at the fish store in 
Princeton and grown in sea water containing 1 per cent Bacto-peptone, 1 per cent 
ghcerol, some beef e-xtract, and adjusted to a pH of 7.7. 

' Average of eight determinations. 

« Fox, Tr. Farad. Soc. 1909, v, 77. 
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faintly at 0.0053 mm. Hg os>'gen pressure, 0.00000019 cc. of os>-gen 
or about 0.00000000027 gm. of oxygen, or 1 part o^'gen by vreigbt 
in 3,700,000,000 cc. of sea vater. 

2 mm. change of level in B do-vravrard from 25 to 23 mm. Hg 
will cause the light in £ to disappear, while 2 mm. change of level 
of B upward from 25 to 27 mm. Hg, corresponding to 0.00677 cc. 
per second, gi\dng the bacteria 0.0000076 ox}^gen, will cause an un- 
mistakably brighter light to appear in E. Hence the method is 
sensitive to 5 parts in 76 or about 6 per cent and the greatest error 
is no doubt the ^*ariat^on in sensitiveness of the dark adapted eye 
or variations in the light of the bacteria. A number of the values 

T.ABIX I. 


Readings oj Flosi'-niclers When Bacteria Ghe Just Perceptible Light. 


Espcriistat Ko. 

A laaoonetcr. 

Flo^ tiirorigh A 
pcfttc. 

B naccfSitter. 

Flovr tiirousb B 
per sec. 


nn. 

cc. 


r:n. 

cc. 

1 

14S 

2.6S9 

23 


0.003S3 

2 

145 

2.643 

23 


0.005S3 

3* 

U5 

[ 2.643 

2S 


0.00700 

4 

176 

3.141 

211 



5 • 

176 

3.141 

24] 

1 


6 

176 

3.141 

24' 


0.00621 

7 

176 

3.141 

28 

1 = 24.6 


S 

176 

3.141 

26 




* This determination works out to O.OOOOOS9 orv-gen. 


obtained at different times with the same or with different emul- 
sions of luminous bacteria arc shown in Table I. 

.■Vn c.xpcriment to show the values obtained with different con- 
centrations of bacterial emulsions, run the same evening on the same 
bacteria is given in Table H. C represents a fairly concentrated 
bacterial emulsion which was diluted with sea water to ^ve C/20, 
C/30, etc. It will be noted that with concentrated bacterial emul- 
sions more oxygen is ncccssan- to give a just visible luminescence, 
.as shown by the values of tlie B flow-meter, because the bacteria are 
present in sufficient quantity to use up some of tliat supph'cd. How- 
ever, from a dilution of C;'30 to C, 1,000 we have pmctically con- 
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stant readings for B which indicates that concentration of bacteria 
is playing no part in these determinations. The last eight values 
given in the table are the ones averaged for calculation of the value 
0.000007 oxygen. 


TABLE II. 

Readings of Flow-meters When Bacteria of Varied Concentrations Give Just 

Perceptible Light. 


Concentration of 
bacterial emulsion. 

A manometer. 

Flow through A 
per sec 

B manometer. 

Flow through B 
per sec 


tr.m. 

~cc. 


mm. 

cc. 

c 

(16S 

\105 

2.9S3 

2.983 

47 

49 

1 = 48 

0.01130 

c/20 


fl65 

1^165 

2.983 

2.983 

31 

31 

1=31 

0.00722 



fl6S 

2.983 

24 

= 25 

1 

0.00630 

C/30 


1 165 

2.983 

26 

! i 

1166 

3.008 

24 




1 

[166 

3.008 

25i 



C/100 

I 

'166 

3.008 

26 



1 

1166 

3.008 

24 

^ = 25 

0.00630 


C/SOO 

I 

'166 

3.008 

26 



i 

166 

3.008 

25 



C/1,000 

j 

'I66 

3.008 

26 



{ 

166 

3.008 

24 




SUMMARY. 

A method is described for measuring the concentration of oxygen 
to allow just perceptible luminescence of luminous bacteria. The 
value turns out to be extraordinarily low, about 0.005 mm. Hg pres- 
sure O 2 or 1 part by weight oxygen dissolved in 3,700,000,000 cc. 
sea water. 
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Fig. 1. 




THE RATE OF GRO^^TH OF THE DAIRY COW. 
in. The Reiation Between Growth in Weight and Incee.-^e or 
Mtt.t: Secretion with Age. 


By SAMUEL BRODY, ARTHUR C. RAGSDALE, Airo CHARLES Y?. TURNER. 
{From the Deparlmenl of Dairy Husbandry, Unhersily of Missouri, Columbia.) 

(Received for publication, June 29, 1923.) 

In a preceding communication* it was shown that after the age of 
2 years, the rate of growth of the daiiy^ cow declines in a non-cj’-dic 
manner, and that the course of decline in the rate of growth follows the 
course of decline in the rate of a monomolecular chemical reaction. 
Since increase in weight may be due to the storage of inert substances 
rather than to increase in the mass of U\-ing tissues, it is desirable to 
substantiate the weight data by other measurements. In this com- 
munication we report on the change of a physiological actmty with 
age — that of milk secretion — and show that the increase of milk secre- 
tion with age follows the same course as the increase of body weight 
■nith age, and that while milk secretion and body weight follow the 
same course, they are largely independent of each other. 

If the increase of milk secretion with age follows the same course as 
the increase of body weight with age then there should be a linear or 
directly proportional relation between milk secretion and bodj- weight 
for a group of animals of all ages during the growing period. This is, 
in fact, the case as shonm in Fig. 1 plotted from the data in Table 1. 
The data is confmed to the age inter\'al of from 2 years, the usual age 
vrhen milking begins, to 9 years, the age of ma-timum irulk secretion 
and body weight of the daiiA* cow. 

It is of interest to fit an equation to the data in Fig. 1 in order to 
determine whcUier the relation between body weight and milk secre- 
tion with age is an c.\-pres5ion of a general lav.' v,-hicli will apply below 
the range of obserantion of 2 years. Fitting an equation of the first 
degree to the data, wc obtain 




' Brcvly, s., A. c., zrA Turner, C. W.. J. Gcr:. P/rr 

tf. 


■IcL, 1922-23, V, 
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in wliich F is the yearl}' fat production for any body weight, IT^, That 
is, after the animal reaches the body weight of 472 pounds there is an 
increase of 1.0425 pounds in milk fat production per year, for an 
increase of one pound of body weight with age. Since the animal is 
about 13 months of age when she weighs 472 pounds,- then if this 



Lbs.800 810 8E0 830 840 850 860 670 880 890 900 910 920 930 940 950360 

Weight of cow (W) 


Fig. 1. The inaease of milk secretion with increasing body weight with age in 
Jersey cattle. The smooth line passing through the observed values was plotted 
. from the equation F = 1.0423 W - 472.32 in which F is the yearly milk fat produc- 
tion for any body weight (ITO- th^’s equation an increase of 100 pounds in 

the weight of the body with age is accompanied by an increase of about 104 pounds 
of milk fat per year. The numerals on the curve represent the ages of the animals 

in years. 


~ Cf. Eckles, C. H., Univ. Missouri Agric. Exp. Station, Research Bull. 36, 1920. 
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equation is an expression of a general law, the dairy cow should be 
able to be^ secreting milk at a little over oile year of age. This is 
in agreement with experience. Calves have been known to conceive 
as early as 5 months of age, and to calve at 14 months of age. This 
equation therefore appears to be rational, and incidentally seems to 
indicate that there is no material development of mammar}’- milk 
secreting tissue imtil the age of sexual maturitj’-, or at any rate, until 
the age of adolescence is reached. 


T-ABIE I. 

The Increase of Body Weight and Milk Secretion with Age in the Dairy Ccnv* 



Body weight. 

Butter fat prtMiactiou per year. 


Jejit}-. 

Jersey. 

Shorthorn. 

Aynhirc. 

Guernsey, j 

Kolstein 

Age. 




O 


O 


C 

cr 

C 



C 




s| 


sS 

~c 

s = 

c. ^ 

sS 

=•== 







•c3 



tes 









.5- 


C.H 


oS 


4- 




eS 

C.5 



:z 

< 

2: 

< 

z 

< 

:z 

< 

z 

< 

< 

Z 

< 

yrs- 


Ih. 


Its. 


lb!. 


tbs. 


lbs. 

yrs. 



2.25 

3155 

SOS 

2829 

377 

123 


817 

333 

3559 

407 

2.5 

2454 


2.75 

1449 

S36 

1261 

39S 

1S3 


893 

366 

1682 

423 

3.5 

1523 

570 

3.25 

1523 

S72 

1271 

432 

82 

251 

442 

367 

1374 

436 

4.5 

1238 


3.75 

1122 

SS8 

992 

456 

85 

317 

461 

389 

1192 

472 

5.5 

1116 


4.25 

1171 

916 

97S 

mm 

El 

348 

376 

40S 

1093 

486 

6.5 

836 

666 

4.75 

916 

950 

S09 


64 

356 

340 

430 

884 

501 

7.5 

583 

665 

5.5 

1692 

93S 

14S7 

502 

70 

376 

545 

448 

1133 

511 

8. 5 

396 

657 

C.5 

1235 

945 


516 

mi 

3S3 

399 

455 

897 

521 




7.5 

963 

952 

S37 

521 

66 

iKitlsl 

298 

478 

572 

528 




S.5 

621 

957 

565 

523 

65 

402 

225 

453 

369 

527 





* Compiled from the records of Register of Merit Jersey, Record of ilerit 
Shortliom, Adranced Register .\>Tsbirc, Guernsey and Holstein cattle. 


Wliile the linear relation between increase in body weight and milk 
secretion with age in Fig. 1 definitely shows that growth in body 
weight and increase in milk secretion tvith age follow the same course, 
it is useful to bring out this relation by pointing to the parallelism 
between the tsvo processes. In Fig. 2 the cun-es o; increase in body 
weight (broken curve) and milk secretion (continuous curve) of the 
jer^et cow arc parallel and both follow tlic same exponential equation 

.V A (l -t ~ ^•) 
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-Age (t) 


Fig. 2. The increase of milk secretion with age in the dairy cow. The smooth 
curves passing through the observed ralues were plotted from the equation 
F =A(1 in which F is the yearly fat production at any age (t). The numer- ' 

ical values of the constants A and i for the several breeds are indicated on the 
curves. The broken curve shows the growth in weight of the Jersey cow. 
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-where X is the body weight, or milk secretion at any age, i, and k is 
the velocity constant which is of approximately the same numerical 
value for both ounces. This equation also represents the course of 
TTiilV secretion of other breeds of cattle as shown by the dose agree- 
ment between the values computed from this equation represented by 
the smooth cur\'es in Fig. 2, and the obsen’-ed values. 

The data in Figs. 1 and 2 show condusively that growth in weight, 
and increase of milk secretion -with age follow the same course — the 
course of a monomolecular chemical reaction — thus further substan- 
tiating the theory that gro-wth is limited by a chemical reaction.’ 


’ The decline in growth mth advancing age is often spoken of as due to the d.ving 
out of the “growth impulse.” From the standpoint of the quantitative inter- 
pretation of this equation, the concept of growth impulse may he used in the same 
sense as the concept of “limiting substance.” This equation shows that the 
growth impulse dies out, or the growth-limiting substance is used up at a constant 
ratio (or per cent) of itself. This idea is illustrated in the following table on the 
growth in weight of the Jersey cow, assuming that the mature wei^t, 960 pounds, 
is a measure of the limiting substance at the beginning of growth, and that the 
weight at any age / is a measure of this limiting substance used up to that age /. 


Act, 

(0 

Weight ct Jersey ctxw. 
(A*) 

AiQounl of limiting 
subsunce or impulse 
Jefl. or growth yet 
to be made. 
im-X) 

Katio of each ealue of 
(960-A') to the preceding 
\'alue of (960-.Y). 

yrj. 

Ihi. 



1.75 

74S 

212 

i 

2.25 

803 

157 

0.740 

2.75 

844 

116 j 

0.73S 

5.:s 1 

1 

S75 

1 

S5 

0.732 

5.75 

896 

64 

0.7S2 

4.2.' 

913 

47 

0.734 

4 .75 

925 

55 

0.744 


The .ar 
jwr cc.1t 
VtV.CT V.o 
irrpu!-. 


uiTjnt of limiting subsuance or Lmpulsc, at ca.ch age is seen to be about 
V. the amount of iliis substance, or impulse, at the preceding r.cc. Ir 
r..', the rwportional am.o-unt of limiting growth substance, or of growtl 
tl.at ch-anges in unit time is a constant. 
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Having determined the fact that the increase of milk secretion with 
age follows the same course as the increase of body weight with age, 
the questions arise w'hether the increase of milk secretion with age is 
dependent on the increase of body weight whether the increase 
of milk secretion ■vvith age is limited by the increase of nutrients 
drculating in the blood which are roughly proportional to the body 
weight); or whether the increase of milk secretion with age is dependent 
on the development of milk secreting tissues, and on other factors 
consequent to increase in age. These questions may be answ^ered in 
a general way by separating, as far as practicable, the factors of age 
and body weight, and determining the effect of each of these factors on 
milk secretion. A practical, if not an entirely satisfactory^ method of 
making a separation betw^een body weight and age is to classify the ani- 
mals into convenient age groups and determine ,the relation between the 
body weight of the animals within the age groups and their milk secre- 
tion; also to classify the animals into convenient body weight groups 
and determine the relation between the age of the animals within the 
weight groups and their milk secretion. This hks been done and the 
results are shown in Fig. 3 plotted from data in Tables II and IH. 

Fig. 3 shows the relation between milk secretion and body weight at 
constant age. Qualitatively, the effect of age is apparent by the fact 
that each age group has its own curve which is not connected to the 
curves of other age groups. Quantitatively, the relative contribution 
of increasing body weight and of age (or rather of factors other than 
body weight incident to increase of age) on increasing milk secretion 
with age, may be roughly estimated from a comparison of the slopes of 
the curves of Figs. 1 and 3. From Fig. 1, showing the relation betw^een 
milk secretion and bod)'’ weight -with age, an increase in body weight 
with age by 100 pounds is accompanied by an increase in yearly butter 
fat production of slightly over 100 pounds. From Fig. 3 showing the 
relation between body weight and milk secretion at constant age, 

^ This method is not entirely satisfactory because differences in body -sveight at 
the same age may be due to widely different causes; some of the causes may be 
purely genetic, others purely en’viromnental, and still others to different combina- 
tions of genetic and en'vironmental factors. These different factors and combina- 
tions of factors may differently influence milk secretion at different ages and 
weights. 



Lbs. 



Fic. S, The irxrMsc of milk sccrcUon with incrc.ising body weight at constant 
ape. The smooth lines passing through the observed values v.-crc plotted from the 
equation F »■ olT ~ l> in which F is lltc yearly milk fat production for the body 
weight (H") at the const.ant ages indicated on the curves; c is the constant Lnerease 
of yc.arly fat production for cadi ndded pound of body weight. From the values of 
0 indimto! on the curves, an increase of 100 pounds in the weight of tire bodv b 
cecompani'-d by an increase of al>out 20 jxjunds of milk fat production per year. 
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an increase in body weight of 100 pounds is accompanied by an 
increased yearly butter fat production of about 20 pounds.® The 
relation between body weight and milk secretion at constant age is 
linear as would be expected from the approximately h'near relation 
between body weight and blood volume® which carries the nutrients 
for milk secretion, and from a consideration of certain work pointing 
to a direct proportionality between the available nutrients in an organ- 
ism, and its physiological products.^ From a comparison of the curves 

TABLE n. 

The Increase of Milk Sccrelion 'Mth Increasing Body Weight at Constant Age of 
Register of Merit Jersey Cattle. 


Age of cows. 


Body 

iveight. 

2 to 3 yrs. 

3 to 4 jTS. 

4 to 5 yis. 

S to S yrs. 

No. of 

Yeirly 

No. of 

Yearly 

No. of 

Yearly 

No. of 

Yearly 


animals 

fat pro- 

animals 

fat pro- 

animals 

fat pro- 

animals 

fat pro- 


Included. 

duction. 

included. 

duction. 

included. 

duction. 

included. 

duction. 

Ibt. 


lbs. 


lbs. 


lbs. 


lbs. 

625- 


342 

i 






675— 


351 

43 

389 





725- 


360 

142 

392 

38 

423 

52 

432 

775- 

584 

367 

255 

396 

101 

439 

156 

455 

825- 

1043 

374 

573 

407 

315 

! 438 

458 

455 

875- 

576 

381 

508 

420 

' 318 

448 

543 

466 

925- 

496 

394 

605 

429 

445 

456 ■ 

866 

476 

975- 

155 

411 

220 

452 

262 

463 

599 

500 

1025- 

97 

402 

185 

455 

240 

482 

6S0 

502 

1075- 





82 

491 

224 

521 

1125- 





49 

508 

154 

518 

1175- 







29 

540 

1225- 







27 

556 


® It may be pointed out that the discovery that there is an increase of 20 pounds 
of fat production per .vear for an increase of 100 pounds of body weight at con- 
stant age, answers the widely discussed question among dairymen concerning the 
relative economy of milk production from heavy and light cows. 20 pmmds of 
butter fat is barely sufficient to cover the cost of maintenance of 100 pounds of 
body weight per year. 

® Donaldson, H. H., The rat, hlemoir of The Wistar Institute of Anatomy and 
Biolog>-, No. 6, Philadelphia, 1915, 96. 

7 Cf. Loeb, J., J. Gen. Physiol., 1919-20, ii, 297. 
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of Figs, 1 and 3, it appears that increasing body weight with age 
contributes about 20 per cent to the increased milk flow with age, 
while the other 80 per cent of increased milk flow with age is due to 
other factors accompanying increased maturitjL 
The fact that the course of milk secretion with age is largely 
independent of body weight is also shown in Table HI where the com- 


TABLE in. 

The Increase o] Milk Sccrclion soilh Age ol Conslonl Body Weight of Register of 

Merit Jersey Cattle. 


Weight of coxs. 


Age. 

75Q to E49 lbs. 

8S0 to 949 lbs. 

950 to 1049 lbs. 

1050 to list lbs. 

No. o{ 
cows ia- 
cluded. 

Vcifly fst 
pTodnetioa. 

No. of 
co'w^ in* 
daded. 

Yoarly fat 
prodoction. 

No. of 
COTTS in- 
cluded. 

Yearly fat 
pToduclSco. 

So. of 
ctrrtia* 
duded. 

Yearly fat 
productzoa. 

(1) 

(2) 

(3) 

«) 

•s 

> 

S 

S 

Calculated. 

c 

> 

V 

o 

£ 

c 

a 

s 

t 

U 

o 

c 

*3 

(.> 

u 

s 

u 

o 

tr. 

5 

*3 

u 

"S 

u 

yri- 


thi. 


ft». 


lil. 


lit. 

2.5 

1869 

354 

346 

1289 

3S5 

381 

259 

405 

406 

23 

418 

3S9 

3.5 

799 

401 

401 

1241 

429 

430 

422 

458 

453 

44 

431 

449 

4.5 

446 

433 

434 

1019 

458 

457 

513 

474 

47S 

114 

496 

4S6 

5.5 

239 

463 

454 

842 

4S3 

472 


496 

491 

131 

519 

507 

6.5 

174 

452 

466 

563 

475 

480 

503 

503 

49S 

Ka 

524 

520 

7.5 

130 

470 

474 

443 

487 

485 

499 

499 

501 

91 

529 

528 

8.5 

87 

479 

478 

255 

487 

487 

492 

492 

1 ^ 

47 

533 

533 


(1) Computed from F = 4S5(1 — in -which F is the fat production for 
the age (t). 

(2) Computed from F = 490(1 — 

(3) " “ F ■= 50S(1 

W " *' F ■= 540(1 

puled and obscr\-cd milk secretions at dificrent ages arc given for the 
groups of animals at constant body weight. The equation of a mono- 
molecular reaction whidt represents gronth in body weight and 
increase in milk secretion -vdth age shomi in Fig. 2, also represents 
fairly satisfactorily tlic increase in milk secretion vrilh age at constant 
body ^Yeighl shoi™ in Table III. 
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SUMMARY. 

It is shown that from 2 years, the age when milk secretion usually 
begins, to 9 years, the age of maximmn body weight, the increase of 
milk secretion with age follows the course of growth in body weight — 
both can be accurately represented by the equation of a monomolecu- 
lar chemical reaction having a velocity constant of approximately the 
same numerical value. IVhile increase in milk secretion and increase 
in body weight with age follow the same course, it is shown that increas- 
ing body weight contributes only about 20 per cent to increasing milk 
secretion with age. The fact that milk secretion and body weight 
follow the same course, even though they are largely independent of 
each other indicates that increase in body weight is a good measure of 
growth of the dairy cow; this fact also shows that the increase of milk 
secretion with age may be used as a measure of growth. The fact 
that -milk secretion, like body weight, follows the course of a chemical 
reaction, adds further support to the theory that growth is limited by 
a cliemical reaction. 



THE RATE OF GRO^STTH OF THE DAIRY COW. 


W. Growto and Senescence as IMeastjeed by the Rise 
AND Fall of Mtt.r Secretion -with Age. 


By SAMUEL BRODY, ARTHUR C. RAGSD.ALE, A^D CHARLES W. TURNER. 
{From the Department of Dairy Husbandry, VniTersity of Missouri, Columbia^ 

(Received for publication, July 17, 1923.) 

The increase of milk- secretion and body weight in the dair 3 ' cow 
follows exactly the same coiurse from the age when milk secretion 
usually begins (2 years), to the age when maximum body weight 
is reached (about 8 years).' It is therefore concluded that the in- 
CTcase of milk seaetion with age may be used as a measure of growth 
in the same sense that the increase of body weight with age is used 
as a measure of growth. After the age of maximum body weight is 
reached, it remains practically constant and can therefore no longer 
be used to measure the effect of age on the condition of the bod}*; 
but milk secretion takes a downward course after passing the age of 
maximum body weight and steadily declines nith age. This steady 
decline of milk secretion with age suggests the possibility of using 
nulk secretion as a measure of the effect of age on the body after age 
ceases to have an appreciable effect on body vreight — ^in other words, 
to use the dedining curve of milk secretion as a measure of senescence. 
In the absence of contradictor}* c\*idcnce, there seems no reason to 
believe why the course of milk secretion -r^-hich was found to be a 
good quantitative measure of growth during the gro\\-ing phase of 
life, should not also be a good quantitative measure of senescence 
during the declining phase of life. Adopting the point of \-iew that 
the rising and falling curve of milk secretion with age is a representa- 
tion of developing and declining ph}*sical powers with age due to the 
processes dassed under growth and senescence, we have brought 
together a large amount of data on the change of milk secretion with 


’ Brxviy, S., Rr.pJalc, .A, C., and Tumtr, C- \V., J. Gen. rhysicl.. 1923-24, vi, 21. 
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Fig. 1. The course of milk secretion with age for several breeds of dairy cattle 
plotted frofn data in Table I. With the e.vceptions noted on the curves, the 
curves represent the butter fat production per year of 365 days. For the Guernsey 
cows, the records represent 365 days or less, if the cow happened to dry off before 
the end of the year. The curves in this figure represent a total of 150,544 records. 
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Age (t) 


Fig. 2. Comparison between computed and observed \-alues of milk secretion 
with .age for yearly records. The drdcs represent observed sadues of the wei^ted 
averages of all cows yearly and 305 day records expressed as percentage of maxi- 
mum production given in table I. The other s'alucs were obtained from trial 


cqu.ations .as follows; represents F, •= I-}2.4f-‘=-="'-126.1Sr-'~’-^; -f repre- 
sents F, « 142.4f-o-'-*"< - 126.15-'-*:'-; A represents F, *» 142.4'-=-'« - 


After tlic age of 12 years, the observed \*alucs arc not reliable due 


to the snuall number of ani.mals represented. The observed snlucs in this figure 
are b.asctl upon 45,954 yearly and 10 monthly records. 
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age for the purpose of presenting a continuous quantitative picture 
of the two phases of life, and, if possible, to formulate a rational 
theory of the quantitative changes of the physical powers during 
growth and senescence. 

Figs. 1, 2, and 3 plotted from data in Table I show the rise and fall 
of imlk secretion with age from 2 years, the age when milking usually 
begins, until 14 years. These ciuwes represent, of course, only a 
portion of the picture of rising and falling physiological actmties of 



Fig. 3. Comparison between computed and observed values of milk secretion 
•with age for 7 day records given in Table I. The circles represent observed 
values, the smooth line represents the equation F — 22.1(e o.c.e/ _ 

The observed values in this figure are based on a total of 104,560 records. The 
rate of senescence, it may be noted, is less steep than the rate of growth. The 
relative slopes of the two sides of the curve at any ages i and h, may be found by 

dF 

substituting the ages for t in the equation — = 22.1(— 0.026e + 1-2 X 

0.46g-0.46(). 
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age for the purpose of presenting a continuous quantitative picture 
of the two phases of life, and, if possible, to formulate a rational 
theory of the quantitative changes of the physical powers during 
growth and senescence. 

Figs. 1, 2, and 3 plotted from data in Table I show the rise and fall 
of milk secretion with age from 2 years, the age when milking usually 
begins, imtil 14 years. These cun>’es represent, of course, only a 
portion of the picture of rising and falling physiological activities of 



Fig. 3. Comparison between computed and observed values of nulk secretion 
with age for 7 day records given in Table I. The circles represent observed 
values, the smootli line represents the equation F = 22.1(c * *- 1.2e 0- 

The observed values in this figure are based on a total of 104,560 records. The 
rate of senescence, it may be noted, is less steep than the rate of growth. The 
relative slopes of the two sides of the curve at any ages t and h, may be found by 

substituting the ages for t in the equation — = 22.1(— 0.026e + 1.2 X 

0.46e-“-«')- 
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this animal. The natural duration of life of the cow is said to be 
about 30 years. Milk records above 15 years are, however, very 
scarce because in addition to the accidental deaths which leave 
relatively few animals by the time this age is reached, the anirnnk 
are also purposely disposed of due to the fact that they become 
increasingly unprofitable miUc producers with increasing age caused 
by such factors as the increasing difficulty of breeding with age and 
decaying teeth. 

While these curves represent only about half of the whole life curve, 
they are nevertheless of value because they show the trend of relative 
rates of growth and of senescence, and the age of the statistical equi- 
librium between these two processes. Besides, if the growth and 
senescence curves continue an unchanged course beyond the range 
of observation, as is probable, then it should be possible to extra- 
polate the curves by the use of some suitable formula, thereby com- 
pleting the whole picture. 

The trend of the curves of growth and of senescence having been 
determined on the basis of an extensive amount of data (there is 
no doubt that the data presented here are by far the largest amount 
that was ever brought together on the quantitative variation of 
milk secretion with age, and with the exception of wtal statistics on 
man, they are the largest body of quantitative data on the change of 
any physiological activity with age), the next step is to formulate 
a mathematical expression which would not only represent the 
empirical curve, but what is far more important, an expression which 
should be rational in the sense that it is derived theoretically as a 
conclusion from a general law of nature, and which should be capable 
of explainin g the mechanism of the process imder investigation. 
Pearl and his coworkers* found that the expression 

y = o + «*-}- log jc 

in which y is the milk production and x is the age, may be accurately 
fitted to the variation of milk secretion with age. However, since 

* Pearl, R., and Patterson, S. W., Maine Agric. Exp. Siaiion, Bull. 262, 1917. 
Pearl, R., and Miner, J. R., J. Agric. Research, 1919, xvii, 285. Pearl, R., 
Gowen, J. W., and Miner, J. R., Ann. Rep. Maine Agric. Exp. Station 1919, 
1919, 89. Gowen, J. W., Genetics, 1920, v. 111. Gowen, J. W., Ann. Rep. 
Maine Agric. Exp. Station 1920, 1920, 185. 



S. BRODY, A. C. RAGSDABE, AXD C. W. TUROTR 


37 


Pearl and his coworkers do not state that this equation explains the 
mechanism of this variation of the activity of the mammary gland 
with age, or that the equation was derived as a conclusion from a 
general law then this is probably an empirical equation and it does 
not solve the problem of formulating a rational equation explaining 
the mechanism of the peculiar course of growth and of senescence. 

The following theory is suggested as a basis for formulating a 
rational equation to represent the rising and falling cur\’’e of physio- 
logical acthnties with age and therefore as a basis for a quantitative 
theory of growth and senescence. It is assumed that growth and 
senescence go on simultaneously from the be gi nning to the end of 
life, but that the ratio betn'een the velocities of these two processes 
varies in a continuous maimer throu^out life. At the beginning of 
life the ratio of growth to senescence is infinitely great, while at the 
time of natural death, at the extreme old age, the ratio of senescence 
to growth is infinitely great. At the age of maximiun, or prime 
physical development the two processes just balance each other. 
The \iew is also adopted that growth and senescence are phj'sico- 
chemical processes governed by the laws of mass action — a \dew due 
to Loeb and his coworkcrs.® If growth and senescence are physico- 
chemical processes, then the course of each, growth and senescence, 
should follow the course of some chemical reaction, since it is a 
general principle of chemistry that in a system of chemical reactions 
which arc interdependent, the slowest reaction determines the rate of 
the resultant process,* and therefore growth and senescence while 
complicated processes should theoretically follow the course of 
clicmical reactions of a simple order; and if growth and senescence go 
on simultaneously, but with a continuouslj'' changing ratio of veloci- 
ties, then it should be possible to express the course of the whole 
cur\-c of growth and senescence by the mathematical e.xprcssion 
which represents the course of simultaneous consecutive chemical 
reactions. According to tliis theory, life may be represented sym~ 
bolicallyby the expression X— ► Y — *• Z in which X — * Y is the process of 


Cf. {inter o'm) I^b, J., Bipchem. Z., 1906. i. IS.v Wb, J., .nr.d V.'. H., 
/ifi. J. Physic],, 1901-02, vi, ,S05. Loeb, J., nr.d Northrop. J. II., Prnc. Xc!. 
A(pJ. Sc., 1916. ii, ^56; 1917, iii, 3S2. I..ojb, J., ScPk!. ihenthiy, 1919, jx. 57S. 
^^.dhor, J., Prpc, Pp\\ See, 3S97-9S, 22. 
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growth which follows the course of a chemical reaction, or reactions, 
as we have indeed found in stud3dng the growth of the dair}^ cow,« 
tlie animal under consideration, and as was found to be the case for 
the growth of many other organisms;® Y-> Z, the process of senes- 
cence which it is assumed also follows the course of, and is limited 
by some chemical reaction. The whole process X-^ Z can there- 
fore probably be represented by the equation of some consecutive 
reactions; for example, 

= A (ae~ - be ~ (1) 

in which ki and ke are the velodty constants respectively of senescence 
and growth, Mt, the milk production (or other index of physio- 
logical activity with age) at the age, /, and c, the base of natural loga- 
rithms.^ 

This equation (1) was in fact found to represent the course of 
milk secretion \vith age quite satisfactorily as may be seen in Figs. 2 
and 3 where the obser^^ed values are fairly dose to the values com- 
puted from this equation. This equation cannot be rigidly tested, 
first, because the theory of consecutive reactions is incomplete; 
second, because since gro^vtli and senescence are simultaneous, it 
is not possible to determine separately the values of the velocitj’- 
constants and k«. The satisfactory fit of the trial equation to the 
data is, however, extremely suggestive. The o.xidation of phospho- 
rous acid by potassium persulfate in the presence of hydriodic add, 
is a dassical example of consecutive simultaneous reactions. The 
numerical values of the velodty constants for this reaction were 
determined separately for the constituent reactions, the reduction 
of the persulfate b}'- hydriodic acid, and the o.xidation of phosphorous 
acid by iodine. The comparison between the theoretical and observed 

® Brody, S., and Ragsdale, A. C., J. Gen. Physiol, 1920-21, iii, 623. Brody, S., 
Ragsdale, A. C., and Turner, C, W., J. Gen. Physiol, 1923-24, v, 445. 

® Cf. (inter alia) Robertson, T. B., Principles of biochemistry, for students of 
medicine, agriculture, and related sciences, Philadelphia and New York, 1920. 

For derivation and application of this equation to certain life processes in 
plants cf. Osterhout, \V. J. V., Injury, recovery, and death, in relation to con- 
ductivitj' and permeability. Monograph on Experimental Biology, Philadelphia 
and London, 1922. 
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values of this reaction in vilro^ and the values obtained from trial 
equations arid obserx^ed values in Fig. 2 and especially in Fig. 3 
in the variation of milk secretion with age is not unfavorable to the 
latter. 

The fit of the computed to the obser%'ed values of milk secretion 
in Fig. 1 is especially satisfactory considering some of the defects 
of the obser\^ed data. The most serious defect is that the popula- 
tion rapidly decreases with age due to the natural and purposeful 
elimination of the less fit animals, either because of defective physical 
^^gor causing death at an early age, or because of unsatisfactory milk 
production. As a result of this elimination, and the elimination due 
to the minimum entrance requirements for Advanced Registi^q only 
the better anim a l-; sur\rive at the more advanced ages, amounting to 
a comparison betu’cen relatively good animals at the more advanced 
ages uith relatively mediocre animals at the earlier ages. This 
would tend to a relatively higher production at the more advanced 
ages which may explain the fact shown in Fig. 2 that at later ages 
the obsen’ed production is above the computed production. The 
increasing difficult}’’ of breeding animals %vith increasing age resulting 
in a longer farrow period may like’nisc increase the relative milk 
production at the later ages, since it has been sho-wn® that pregnancy 
appreciably decreases milk production. The 7 day data shown in 
Fig. 3 are superior to the yearly data of Fig. 2, first, because the 
effect of delayed breeding due to age is absent since the 7 day records 
are always made before breeding; second, because the 7 day records 
arc made when the animals arc at their best, shortly after cahdng; 
and third, and most important, since the period of test is only 7 days 
the animals can be kept for this brief period under the ver}* best 
conditions, eliminating the many unfavorable factors which come up 
during llic course of a wliole year. These uniform and favorable 
conditions under whidi the 7 day records are made therefore repre- 
sent more nearly the genetic aipacity of the animals than the yearly 
records in which environmental factors arc less under control. These 

’ IVdrrlin, \V.. Z. {■hysiL'A. Cher:.. 1902. xli. 56S. I.CTis, \V. C. McC., 
ryf.rr.i of physfe.;! chc.niif try. London .-uod NV.v York. 1920. 3rd edition. 403.-;. 

’ rirev’y, S., Rnpdr.Ic, .-\. C.. .and Turner, C. W., /. Gen. Phytic!., 1922-23, 
V. T77. 
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facts and the fact that the 7 day averages are based on a very much 
larger number of animals than the yearly averages, may explain the 
better agreement between observed and computed values for the 

7 day records in Fig. 3 than the yearly records in Fig. 2. 

SUMMARY. 

Data are presented on the effect of age on milk secretion in the 
dairy cow. From the age when milk secretion usually begins (2 
years) to the age when maximum body weight is reached (about 

8 years) increase of milk secretion and increase of body weight with 
age follow the same exponential course, which is the course of a 
monomolecular reaction of chemistry. After this age, unlike body 
weight which remains practically constant, milk secretion declines 
ejq)onentially, that is, the course of decline follows the course of 
decline of a monomolecular reaction. The whole course of milk 
secretion with age was therefore found to follow approximately the 
course of two simultaneous, consecutive, monomolecular reactions. 
This is taken to mean that growth and senescence go on simultane- 
ously from the beginning to the end of life, and that each follows an 
exponential law with age; and therefore perhaps that the course of 
the two processes are limited by two consecutive chemical reactions. 



THE RATE OF SENESCENCE OF THE DOMESTIC FOm AS 
[MEASURED BY THE DECLINE IN EGG 
PRODUCTION mTH AGE. 


By S/VMXjEL BRODY, EARL W. HENDERSON, and H. L. KEMPSTER. 
{From the Agricultural Experiment Station, Vnkersily of Missouri, Columbia.) 

(Received for publication, July 17, 1923.) 

It is well known among poultiymen that egg production in the 
domestic fowl declines with age. Indeed, it is the general opinion 
that the decline is so rapid that after the age of 2, or at most 3 years, 
a hen is no longer a profitable egg producer, and should therefore be 
disposed of. The decline in egg production with age may be due to 
the gradual exhaustion of the oocytes, or to the decline in vigor of the 
organs or tissues which form the limiting factors in egg production, or 
to both. In either case, whether it be exhaustion of a limited substance 
on which the process depends, or whether it be the wearing out of a 
limiting organ, the process may be classed as senescence, and the 
course of egg production -ndth age may be used as an index of the course 
of senescence of the limiting tissues or organs. If this reasoning is 
correct, then data on the course of decline of egg production with age 
should be suitable material for testing by one method the theoiy that 
senescence is a physicochemical process. 

If senescence is a phj'sicodiemical process, then the course of senes- 
cence should follow the course of some chemical reaction, since it is a 
general principle of chemistry' that in a S3'stcm of cheim'cal reactions 
which are interdependent, the slowest reaction determines the rate of 
the resulting process' and therefore senescence, while a comph'cated 
process, should roughly follow the course of a chemical reaction of a 
simple order (the slower the limiting reaction as compared to the other 
reactions in the system, the closer the agreement between the calcu- 
lated and obsen-ed \-alucs). The data on egg production presented in 

' Walker, J.. Pnv. Roy. So.-, rjk.’.u.-gh. 1S97-9S, x-vli. 22. 
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Table I and Fig. 1 were analyzed from this standpoint and they were 
found to follow the course of the equation 

Et = ^e-*' (1) 

in which E, is tlie eggproduction during any age, f, e is the base of natural 
logarithms, and A and K are constants. This equation indicates 
that each year’s egg production is, regardless of age, the same per cent 
of the preceding year’s production. Thus in Table I, if any value is 

TABLE I. 


The Decline in Egg Production wilh Age in the Domestic Fowl. 


Age. 

No. of birds included. 

Egg production per year. (Nov. 1 to Nov. 1.) 


Obscr\*ed.* 

Calculated.f 

j«. 

1 

222 

158 

158.5 

2 

221 

140 

140.1 

3 

222 

124 

123.9 

4 

222 

110 

109.6 

5 

193 

95 

96.9 

6 

28 

89 

85.7 

7 

27 

71 

75.7 

s 

6 

(53 

67.0 


* The obser\'ed values are averages of two breeds and eight different groups of 
birds kept under different conditions of management. To save space in this 
general publication, the indiwdual records, and their significance, are omitted, but 
they ^rill probably be presented in a poultry journal. 

t Calculated from the equation y = l79.2e“''’ in which y is the yearly egg pro- 
duction at the age, t. The egg production during any year is 88 per cent of the 
preceding year’s production. 

divided by the preceding value, the quotient is always .88, that is 
each year’s production is 88 per cent of the preceding year’s produc- 
tion. In other words, the percentage decline of egg production vath 
age is constant, or exponential, and the course of senescence of the 
limiting tissues or organs involved in egg production, may therefore be 
said to follow an exponential law. 

This exponential law represented by equation (1) is the same as the 
law of monomolecular change in chemistry, thereby substantiating 
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the suggestion that “the natural duration of life would be in reahty the 
time required to complete a chemical reaction or a series of chemical 
reactions resulting in the production of toxic compounds sufficient to 
kill or resulting in the destruction of necessary compounds.”- 

Equation (1) may also be used to throw some light concerning the 
particular factor that limits egg production. The total number of 



Fig. 1, The decline in egg production with age in the domestic fowl plotted 
from the averages in Table I. The smooth line represents the computed values; 
the crosses leprcscnt the observed ^•alucs, The observed values during the 7th 
and 8th years arc not rclLrblc due to the small number of indbiduals represented 
in tlic averages. 


eggs the average fowl in Table I would lay if she lived long cnougli to 
allow the senescence reaction represented by equation (1) to go to 
completion would be the total number of eggs laid from the time lay- 
ing begins (/ rr y year) to the lime the senescence reaction is completed 
(t ■= infinity). This theoretical number of eggs can be found by 

' W.), J., Sc:>r:!. 1919, ix, 578. 
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integrating equation ( 1 ) between the lunits of 3 year and infinity as 
foIlo\vs: 

V r“ r 1^9.2 -o.m 

®"J, -5S' ’ 

Now this total number of eggs, 1369, that the average hen in Table I 
can theoretically produce falls considerably below the number of 
oocytes found in the hen. Thus M. R. Curtis’ fotmd an average (in thir- 
teenhens) of 1814 oocytesvisible to thenaked eye. There mustbe many 
more not so visible.'* This rather low value obtained from the equa- 
tion as compared to the actual count seems to indicate that it is not 
the number of oocytes in the hen that limits the comrse of egg production, 
but rather the decline in 'vigor of some limiting organ or organs. 

sramARY. 

Data are presented showing that the course of dechne of eggproduc- 
ion \vith age in the domestic fowl from the time laying begins up to 
nd including 8 years follows an exponential law, that is, each year’s 
gg production is a constant percentage of the preceding year’s pro- 
luction (88 per cent in the group of fowl studied). Since the exponen- 
ial law is the same as the law of monomolecular change in chemistry, 
nd since the course of egg production -ivith age may be taken as an 
idex of the course of senescence of organs, or tissues limiting egg 
reduction, it is suggested that this exponential law of egg production 
iibstantiates the idea that senescence is a physicochemical process the 
ourse of which is limited by a chenucal reaction. It is shown that 
ae exhaustion of the oocytes is not likely to be the factor limiting the 
ourse of egg production. 

There is a good deal of published data on egg production with age up 
5 4 years. We are not, however, acquainted with statistically signifi- 
mt data after this age. This scardty of data after 4 years is due to 
le difficulty of keeping records of egg production after 4 years of birds 
hose “normal average expectation of life a/ is not substantially 


’ Curtis, M. R., Quoted by Pearl in Maine Agric. Exp. Station, Bull. 205, 1912. 
* Pearl, R., Maine Agric. Exp. Station, Bull. 205, 1912. 
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more than 2 years.”^ The relatively large amount of data up to 8 years 
presented in this communication was made possible by combining data 
obtained at other places with the data obtained at this station. We 
take much pleasure in expressing our indebtedness to J. H. Bardsley, 
of the New Mexico Station, J. E. Daugherty, of the California Station, 
B. F. Kaupp, of the North Carolina Station, J. H. Martin, of the Ken- 
tucky Station, H. G. May, of the Rhode Island Station, and L. H. 
Schwartz, of the Purdue Station, for their cooperation in obtaining the 
data summarized in Table I. 

We have also included in our averages the data given by E. D. Ball, 
G. Turpin, and Byron Alder in the Utah Agricultural Experiment Sta- 
tion Bulletins.® 

® Pearl, R., The biology of death. Monograph on Experimental Biology, Phila- 
delphia and London, 1922, 63. 

®Ball, E. D., Turpin, G., and Alder, B., Utah Agric. Exp. Station, Bull. 135, 
1914. Ball, E. D., Alder, B,, and Egbert, A. D., Utah Agric. Exp. Stalion, Bull. 
148, 1916. 




FURTHER EXPERIMENTS ON THE Ai^SORPTION OF 
IONS BY PLANTS, INCLUDING OBSERVA- 
TIONS ON THE EFFECT OF LIGHT. 

Bv D. R. HOAGLAND akd A. R. DA\’IS. 

{From the Division oj Plant Nutrition, College of Agriculture, University of Cali- 
fornia, Berkeley^ 

(Received for publication, July 16, 1923.) 

Several investigations dealing witli the penetration of ions into the 
cell sap of Nitella'- have been reported recently by Osterhout,- Irwin,® 
Brooks,* and by the writers.® It has been proved by the experiments 
already described that most of the inorganic elements of the cell 
sap are present in dissociated form, and .that these plant cells are 
able to cause the movement of ions from a solution of low concen- 
tration into one of higher concentration. As suggested in a pre\'ious 
article, this condition requires that energy relations be taken into 
account, in other words, the plant apparently must do work in ab- 
sorbing ions from dilute solutions. If this is the case, it is reasonable 
to suppose that for autotropic plants, light, either directly or in- 
directly, is necessarj’ to the processes of absorption, since light fur- 
nishes the ultimate source of energj" to the plant. We have, there- 
fore, made obscrs'ations on the removal of certain ions from dilute 
solutions by cells of Nitella clavala kept under \’ar}'ing conditions of 
illumination. In the preliminary e.xperimcnts, qualitative tests for 
the rcmo\-al of chlorine from solution were made by comparisons of 
the turbidity developed when the chloride nns precipitated by the 

'As noted in a previous paper, the obscra’ations of Wodchouse on VaJonia in 
1917 first directed the attention of the writers to the advantage of supplementing 
ihc'.r r.hsorption studies on higher pLmts by the use of indiridual plant ccib. At 
llut lime, Br. Kaih.anicl Gardner kindly suggested the possibility of Nilelta. 

' ^-’«hout, \V. J. \\,J. Ga:. Pkysici., 1921-22, iv, 27S. 

Invin, M., y. 1922-23. v, 223. 

* Brvvaks M, .M., J, Gcr.. Physio!.. 1921-22, iv, 347. 

' Hoagl".n.l. B.R.. and Da%-is, .\.R., J.Gen. Physio!., 1922-23, v, 629. 
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C'tcrs (30 OS Gm ). md the nii\cd derivititec were 
fnctioTitcd at 5 mm pre<;‘;urc in a Todd prcci=e 
fractionation ay'Cmbh ('ce Tabic I\ ) 

Fraction one wa=; IndroUred with alcoholic KOH 
and the acid thu=; liberated w as I'^nlatcd and purified 
Its molecular weight, determined through the neu- 
tralization cquunlcnt (220 0), coirespondcd to that 
of m%ri=tic acid (mol \vt 22S 3G) To further con- 
firm Its idciUitt, the acid was coinertcd to the In- 
droeamate which melted at 07 5-98 5° MtTisto 
h% drovamic acid melts at 98-98 5° 

Fraction two. on Indrohsis with alcoholic KOH, 
tickled an acid whose neutralization equitaleiil 
was 254 7, which compares fatorabh with the mo 
Iccular weight of palmitic acid (25G 42) Theln dro\- 
amate of the acid melted at 102-103° Palinito- 
Indroxamic acid melts at 102 5° 

Fraction three and the residue were combined 
and hi droll zed as aboie The acid recovered had 
the molecular weight 280 2, which compares with 
that of stearic acid (M b' 284 47) The hjdroi- 
amate, melting at 105-10G°, was concluded to be 
slcarohi drovamic acid, m p 106-107° 

Unsaturated Fatty Acids — The separation of the 
unsaturated fatti acids (11 Gm ) was accomplished 
bi the standard bromination procedure The 
absolute ether solution of the mivcd bromides i iclded 
no cn stalhne matter, indicating the absence of 
Iinolenic acid This is confirmed bj the thiociano 
gen number (Table III) 

The petroleum ether solution j leldcd 0 CG Gm 
of tetrabromohnoleic acid, m p 115°, corresponding 
to 28 0% of the unsaturated acid fraction 

Dibroino oleic acid recovered from the petroleum 
ether filtrate w as dcbrorainated w ith zinc dust in the 
usual manner, j lelding 0 85 Gm of oleic acid, cor- 
responding to 72 0% of the unsaturated acid frac- 
tion Its iodine v’alue was 85 48 and its molecular 
weight was 280 


Table \ — Composition of the Mixed Fatty 
Acids 


Acids 

Weight % 

Molar % 

Mjristic 

3G 0 

32 33 

Palmitic 

33 1 

33 37 

Steanc 

4 5 

5 03 

Oleic 

20 1 

22 32 

Linoleic 

G 3 

G 95 


Component Gljcendes of the Whole Fat — ^The 
saturated glvccndes were isolated from the whole 
fat bv the method of Hilditch and Lea (7) Follow- 
ing pennanganate oxidation in drv acetone, 17 64 
Gm of neutral fat vielded 9 49 Gm of saturated 
giveende, corresponding to 48 13% of the neutral 
fat Its chemical constants were saponification 
value 217 0, iodine value 0 0, acid value 0 4 

Based upon the selectivitv of KHCOj and K-COj 
solutions, Hilditch (8) described the resolution of the 
oxidation products prorlticed m the determination 
of saturated glvccndes Mono- and diazclao 
ghcendes were thus isolated from tlie reaction mix- 
ture. however, no triazelaoglvcende was found 
Kartha and Mcnon (9) used the saponification v due 
of these cleavage proilucts to c-dctil itc the niono- 
and diuns-ituratcd ghetridL content of a fat The 


vield of mono- and diazelaoglvceride was 4 5333 
Gm , saponification v due 316 2 The projcetion 
of these data m the manner desenbed bv Karth i 
and Mcnon g iv c rise to the percentage composition 
of the glv ceridcs of poison ivv fat (see Table VI) 

Table \ I — Component Glvceridls oi tub 
Poison Ivv Fruit Fat 


Gl> ccntlcs VV^eight % 

Trisaturated 48 13 

Disaturated monouns iturated 22 01 

ilonos-ituratcd diurs itiiratcd 29 8G 


Unsapomfiable Matter. — The ethcrc d solution 
of the unsapomfiable matter was alteriiatelv vvaslicd 
vv Ith dilute NaOH solution and w atcr After drj ing 
over anhvdrous Na«SOi, the solvent was recovered 
tinder reduced pressure, leaving a residue which 
weighed 0 776 Gm , corresponding to 0 77G% of 
the whole fat 

A portion of this material (225 1 mg ) dissolved 
m a minimum of petroleum ether was placed on a 
column (2 x 30 cm ) of adsorption alumina (Fisher 
Scientific Co, 80-200 mesh) The column was 
successively eluted with 150 ml each of petroleum 
ether, carbon tetrachloride, benzene, and cldoro 
form containing 10% ethanol The extracts were 
freed of their solvents, dried in a vacuum, and 
weighed 

The petroleum ether extract (30 4 mg) was a 
colorless liquid which congealed vv hen cooled shghtb 
and which was soluble m concentrated H-SOi It 
decolorized bromine w ater and had an iodine value 
of 20 44, J!d° = 1 4700 Presumably it was a hy- 
drocarbon (10, 11) but it was not identified 

The carbon tetrachloride eluate yielded 112 mg 
of brown, waxy material Although waxes have 
been reported in this fraction (10), the amount was 
too small for identification 

The benzene eluate contained pigments as could 
be judged from its deep j cllow color The residue 
(13 3 mg ) was rccliromatograplied in the hope of 
isolating carotenes (5) Spectrophotoinetrie anal- 
jsis failed to give a rational absorption pattern, 
whereas a ehloroform solution of standard /3-caro- 
tene gave an absorption maximum at 4G2 niji 

The chloroform ethanol eluate yielded 161 G mg 
of residue which responded strongly to the Licber- 
mann-Burchard test An alcoholic solution of it w as 
purified bj filtration through charcoal The clear 
filtrate deposited lustrous white platelets melting 
at 130 5-137° Purification bj chromatography 
and fractional recrj stalhzation gave onl> one com- 
pound melting at 137° This melting point corre 
spends w ith that of ^-sitosterol The identity of the 
compound was confirmed b> the preparation of iLs 
acetate (m p 125°) and its benzoate (m p 147°), 
both of which compare favorably with the corre- 
sponding derivatives of p sitosterol 

Pericarp and Seed Fat — It was prev louslj stated 
that the whole fat actiiallj consisted of two portions, 
namelj that from the peric irp and that from the 
seeds The former is a soft, grajish-white mass 
which completelj envelops the dark colored, ston> 
seed, whcrc.as the latter is an oil 

Working in batches of 200 Gm , a 1 irge qn intilj 
of clean, wliole iioison ivj fruits (devoid of ejne irp) 
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was alternately washed with petroleum ether and 
rubbed against a No 10 sieve to remove all of the 
pericarpal fat. The solid fragments together with 
the residue from reeovery of the solvent corre- 
sponded to 24 2% of the weight of the whole fruits. 

The seeds w'cre dried and then lightly crushed m a 
drug mill and extracted for ten hours with petroleum 
ether The marc was regrouud and re-extracted. 
Recovery of the solvent from the combined extracts 
3 'ielded a clear, golden -I’ellow oil. The oil content 
of the seeds was 9 0%, corresponding to 5 5% of 
the w'hole fruit 

Both the pericarpal fat and the seed oil were 
examined in the usual manner, and the results are 
given in Tables VII and VIII. 


Table VII — Fat From the Pericarp Portion or 
THE Poison Ivy Fruit 


Ph 3 sical and Chemical Constants 


Refractive index at 60° 

1.4470 

Specific grax’ity, 99°/25° 

0 8512 

Acid value (mg KOH/1 Gm of fat) 

2 73 

Saponification value 

214.10 

Iodine value 

14 76 

Hehner value 

95 23 

Unsaponifiable matter 

0 88 

The total fatty acids of the epicarp fat 

consisted of 

88 0% saturated acids and 12 0% 

unsaturated 

acids 


Table VIII — Oil From the Seeds of 

the Poison 

Ivy Fruit 


Physical and Chemical Constants 


Refractive index at 25° 

1 4690 

Specific gravity, 25°/25° 

0 8762 

Acid value (mg KOH/1 Gm of the oil) 2 2 

Saponification value 

177 8 

Iodine value 

125 6 

Hehner value 

90 53 

Unsaponifiable matter 

2.04 


The total fatty acids of the seed oil consisted of 
6 4% saturated acids and 93 5% unsaturated acids. 

SUMMARY 

Since an extensive investigation on poison ivy 
plant sap has already been made, the cliemical 
analysis of the lipids of the fruits of poison ivy 
{Rims radicans radteans) was undertaken to ob- 
tain a clearer picture of this notorious plant 
The poison ivy fruit fat obtained by solvent c.x- 
traction was found to be 29.75 per cent of the 
whole fruit and was devoid of sulfatides and 
amino lipids. It is a grayish-white solid soft mass 


possessing a mild, bland odor and it does not give 
any specific color test. 

The fatty acids were separated by lead salt- 
ether method and the individual saturated acids 
were obtained by fractional distillation of the 
methyl esters under reduced pressure. The indi- 
vidual unsaturated acids w'ere separated by bro- 
mination. The mixed fatt}' acids were found to 
contain 36.0 per cent myristic acid, 33.1 per cent 
palmitic acid, 4 5 per cent stearic acid, 20.1 per 
cent oleic, and 6 3 per cent linoleic acid. 

The glyceride composition of the fat was de- 
termined by the acetone-potassium permanga- 
nate oxidation method. The fully saturated glyc- 
erides W’ere found to be 48.13 per cent, disatu- 
rated-monounsaturated 22.01 percent, andmono- 
saturated-diunsaturated 29.86 per cent. 

The unsaponifiable matter W'hich comprised 
about 0.9 per cent of the fat consisted of hydro- 
carbon, wa.xy material, pigments, and a sterol 
The sterol w'as identified as |3-sitosterol. Pig- 
ment and waxy material were not investigated for 
lack of sufficient material. Hydrocarbon ap- 
peared to be unsaturated, having iodine value 
20 44 and refractive index 1.470 at 40°. 

Pericarp fat w'as separated manually and was 
found to represent 24 2 per cent of the fruit. The 
mixed fatty adds of this fat contained 88 per cent 
solid adds and 12 per cent unsaturated fatty 
adds. Solid adds were individually separated 
by fractional distillation and W'ere found to con- 
sist of myristic and palmitic acids as major com- 
ponents 

The seed oil represented 5 5 per cent of the 
weight of the fruit. The unsaturated acids in 
this oil amounted to 93 53 per cent of the total 
fatty acids 
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A Study of Moisture Vapor Transmission 
through Closures^ 

By SEYMOUR M. BLAUG, EUGENE HICKMAN, and JOHN L. EACH 

Moisture sapor transmission through closures is an important consideration when 
packaging pharmaceutical products. It is particul^ly important when packaging 
hjgroscopic materials or materials that decompose in the presence of trace amounts 
of moisture. The cap as well as the cap liner must be considered in choosing a 
proper closure. The barrier efficiency of sivteen liners in metal caps, phenolic, 
melamine, and mineral filled plastic caps was studied. Of the liners insestigated, 
polveth)lene, aluminum foil, plastic-w as. saturated pulpboard, and red rubber 
liners were found to be the most effectise moisture sapor barriers, particularly when 

used in metal closures. 


' I 'lit. SCLFCTION or THE DEST possible closiirc for 
a speafic product is of great unportance in 
the drug and chemical industry Some of the 
factors to be considered are the t) pe of product 
to be packaged, its In groscopicits , and product 
reaction with the cap and/or tlie cap liner 
.■Mthough the liner may be cffectnc and stable, 
the material of the cap niaj react w itli the prod- 
uct being packaged This is particularly true of 
closures for liquid preparations 

.\ crucial problem for the packaging depart- 
ment IS the selection of the best possible closure 
for drj solid products that decompose m the 
yircscncc of traces of moisture or arc h) groscopic. 
\scorbic acid tablets for example, de\ elop brow n 
Spots in a humid atmosphere due to the increased 
rate of oxidation ol the ascorbic acid The color 
and stabiht\ of man) tablet coatings is affected 
ad\cr«eU In the presence of moisture 

Metal caps are generall} preferred to plastic 
caps as closures for drj products High hu- 
midity can cause the expansion of plastic caps, 
particularly those made from a phenolic resin 
The expansion of the cap produces “backofl" or a 
slow unscrewing of the cap (1) In a commu- 
nication from Eh Lilly and Company it was 
stated Uiat the company's standard closure foi 
dr\ products is enameled tin plate, while the 
standard liner is a w axed paper applied to a pulji 
backing Where extremely hygroscopic dr\ 
products arc in\nl\cd, the preferred liner is 
waxed ahmiinum foil o\cr pulp 

It was the purpose of this study to compare the 
barrier efficienct of \anous liners in metal and 
plastic screw caps against moisture vapor trans- 
mission Sixteen liners were studied in metal 
caps, phenolic, melamine, and mineral filled 
])lasliccaps 

• Kccrivctl T l'*si7 from the CoUe^c of Pharmaej 

'^late Lots trsit\ ff Iowa Iowa Cil> 

Th ^ re<<aTch j ject was cr nducted under contr »ct from 
the \rrae<l Services Medical rrocurement \kcnc> llrooV 
!>n N \ 


EXPERIMENTAL 

Materials and Apparatus. — Anhydrous calcium 
chlondc, 11-drain emerald green glass vials, con 
slant temperature humidity' cabinet, semi micro 
Gram atic balance, Owens-Illinois torque tester, 
28-mm metal and plastic screw caps (Tables I 
and n) 

Procedure. — Ten grams of anhydrous calcium 
chlondc was placed into 11-dram vials The scren 
caps under investigation were placed on each 'inl 
using the Owens-Illinois torque tester. Each cap 
was applied using 10 inch pounds torque This 
gives removal torque values varying between 0 
and 7-mcli pounds 

The sealed vials were accurately' weighed and 
placed upright m a constant temperature humidity 
cabinet adjusted to 38° ± 1° and a relative humidity 
of 90% ± 5% The v'lals were removed from the 
humiditv chamber at weekly intervals and allowed 
to equilibrate at room temperature for fifteen mm 
utes before weighing Immediately after weighing 
they' were returned to the humidity chamber 
Three vials were used for each test Empty vnls 
with caps were used as controls It was found 
that the controls gamed 9 mg ± I mg after one 


Table I — Metal Closures'" Studied 


Number I mcr 

1 0 003 in polyethylene extruded on p iper 

2 0 0035 in aluminum foil laminated t<> 

Kraft paper — foil side coated with a 
pigmented v'lny 1 coating 

3 Red rubber 

4 Two sides coated paper bonded to wax 

saturated paper board 

3 0 002-m aluminum foil on paper bo ird 

0 Pulp and oil waxed 

7 Pulp and \ myl 

8 Plastic-wax saturated white pulpboard 

watli coating 0 008-0 012 iii of a 
special plastic wax on one surface 
0 Pulp and Saraii film waxed 

10 (1040 m solid polyctliy leiie 

11 Pulpboard 

12 OOjlin pulp and Kraft pajicr hacked 

with 0 001 in Mylar polyester film 

“Closures 1-0 sstre supplied b> Croup CorL ind bed 
Companj Clnsiircs 10—12 were siifiplicd by 
CorV. Compan> 
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Fig. 1. — Moisture vapor transmission plots-nietal 
closures. 



Fig. 2. — Moisture vapor transmission plots-metal 
closures. 


Table II. — Plastic Closures” Studied 


Number 

Type Plastic 

Liner 

13 

Melamine 

0.040-in. solid polyethylene 

14 

Phenolic 

0.040-in. solid polyethylene 

15 

Mineral 

filled 

0.040-in. solid polyethylene 

16 

Melamine 

Pulpboard 

17 

Phenolic 

Pulpboard 

18 

Mineral 

filled 

Pulpboard 

19 

Phenolic 

Polyethylene cone 

20 

Melamine 

Mylar film laminate on 
pulpboard 

21 

Phenolic 

Mylar film laminate on pulp- 
board 

22 

Mineral 

Mylar film laminate on 


filled 

pulpboard 

23 

Phenolic 

0.040-in. solid polyethylene 

24 

Phenolic 

Aluminum foil 

25 

Phenolic 

Pulp and vinvlite waxed 

26 

Phenolic 

Pulp and vinylite lubricant 
film 


° Closures 13-18 and 20-22 were supplied by Armstrong 
Cork Co. Closure 19 was supplied by the Poly-Seal Corpo- 
ration. Closures 23-20 w’ere supplied by Owens-Illinois. 


week and remained at this value for the eight-week 
period of the study. The weight gain in mg. each 
week is the average gain of the three vials used for 
each test. Results are shown in Figs. 1-4. 

On completion of the study, all caps were removed 
with the torque tester. Removal torque for metal 
caps was 6-7 inch-pounds. For plastic caps, the re- 
moval torque varied depending on the type of plastic 
used. Phenolic resin plastic caps gave the lowest 
removal torques of 4-5 inch-pounds. Melamine 
and mineral filled plastic caps gave removal torques 
of 5-7 inch-pounds. The Poly-seal cap gave a re- 
moval torque of 6-7 inch-pounds. 

DISCUSSION 

Results of this study indicate that in general 
metal closures are more satisfactory than plastic 
closures as barriers to moisture vapor. The 
liner greatly affects moisture vapor transmission 
as does the tj’pe of plastic used in the closure. 
A 0.040-in. solid polyethylene liner in a metal 
closure is a more satisfactory barrier to moisture 
vapor than a 0.040-in. solid polyethylene liner 
in any of the three types of plastic closures used 
in this study, Figs. 2 and 3. Of the three types 



Fig. 3. — Moisture vapor transmission plots-plastic 
closures. 



Fig. 4. — Moisture vapor transmission plots-plastic 
closures. 
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I I pi i-lic di'^urc-- studied iiicKunine and mineral 
tilled ph'iic cln^urc' are more effeclne barriers 
to inoi-tnrc \apor than phenolic resin closures 
Renioeal torciiic \alucs indicate tint the difTcr- 
cacc in harrier cfiiaence of the three tapes of 
pla^tie closures is probabU due to the ‘ backoff,” 
or slow unscrewin:: of phenolic closures This is 
caused In the c\pans!on of phenolic resin closures 
in a humid almosjiherc The use of melamine 
or mineral filled plastic closures decreases this 
‘ bad off tendenca One ta"pc of phenolic resin 
closure studied the Pola -Seal closure, did not 
backoff to ana appreciable extent This dosurc 
consists ot a plastic caji aaith a poljethalenc cone 
liner aahich molds itself around the sealing areas 
of the container \s the closure is applied the 
polacthaicne liner takes the shape of the con- 
tainer finish Remoaal tonpie a allies indicate 


that metal closures shoaa no appreciable tcndcnca 
to “backoff" 111 a humid atmosphere 

Of the If) liners maestigated, polacthaicne, 
ahmiinum foil plastic-aaa\ saturated pulpboard, 
and red rubber liners aaere found to be the most 
cffcctia e moisture a apor barners particularla 
aahen used m metal dosures A 0 040 in solid 
poljcthalcnc liner aaas considerably more cffcc- 
tia e than a 0 003 m poly ethy Icne extnided on 
paper liner. Fig 2 

It is felt that studies of this type arc iin 
portant aahen considenng problems of product 
stability , particularly of formulations that arc 
ada crscly affected by moisture 

REFERENCE 
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The Effect of Orally Administered Sodium Iodide and 
Sodium lodate on Blood Sugar Response to 
Thiourea in Rats* 

B> AJITHUR H. MCCREESH and DAVID E. MANN, Jr. 


Sodium iodide and sodium lodate, aahen 
administered in drinking avater for a period 
of taao days as a 0 2 per cent solution, greatly 
diminished the hyperglycemia avhich nor- 
mally folloaas the intraperitoneal injection of 
thiourea The mechanism of action is not 
definitely knoaa n, but the protection may re- 
sult from the preaention of epinephrine re- 
lease, or the inhibition of hepatic glyco- 
genolysis 

'C'oiLoaaiNG nil onsrua \tio\s of DuBois, 
Holm, and Doalc (1), and, later, of Dubois 
Hermann, and Eraaay (2) that, folloaamg the 
intraperitoneal injection of thiourea and its deria- 
atiacs there occurs in adult rats a marked rise in 
blood siigir assoaated aaith increased hepatic 
gla cogenola Sis scacral researchers haac endeaa- 
ored to preaent the ha jiergla ccmia induced ba 
these agents and thus, povsibla , to uncoacr their 
mode of action and deaclop an antidote for the 


• Rrcri'fd 'Ian T K 7 from Tcrnf^e Lni%er5it> School 
c' Pha^macN Ph la 'c’l ’i i la 

■\b factr 1 frt ra a the' ' I re entctl to the Gra luatr ‘xrli k 1 
<f Terif’e Lr»\cr't> of I I arTT:JC> b> Arthur II 

'IcCree-sh jn j artial ft If’Inent <f the refjutrcments for the 
de^*‘ce of 'Ia»tc»’rf '^erce 

I rr»rntr<' to the rrti c n V I if \ "vew \ f rk 

C t) r^cetnc Ma' 1 7 


toxic effects of pulmonary edema and pleural ef- 
fusion, as seen in adult rats The mjeelion of 
iodide every four days has protected rats (3) 
Bj'crnim (4) and iManii (a) haa e show n that the 
oral administration of iodine and iodides, either 
as Lugol’s solution, potassium iodide or potas- 
sium lodate, aaill similarly' afford protection 
against the hyperglycemic response, and will en- 
able the animal to aaithstand uonnally lethal 
doses 

This experiment is intended to dctcrmiuc the 
relatia’e protcctia c activity of sodium iodide and 
sodium lodate against the hyperglycemia follow- 
ing the intraperitoneal administration of ten 
milligrams per kilogram of body aa eight of thio 
urea to nonfasled, male, albino rats 

IXPERIMENTAL 

Male rits of the Wistar striiii were used cx- 
clusiaely in this experiment The aninnls were 
placed in indiaidu d cages and were permitted to re- 
in iin in these ciges for periods of five to eight days 
before being used -Ml were fed I’lirin i Eab Chow, 
and were giaen t ij) w iter (id Uhtiunt through gl iss 
tubes att idled to drinking bottles iiiilil pi iced on a 
pirticiilar liquid diet i he s niie drinking bottles 
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Table I. — Efitct or Sodium Iodide and Sodium Iodate on Blood Sugar Response to Thiourea in 

Nonpasted, Male, Albino Rats 


c 

No of 


Av Blood Sugar 
before Thiourea, 

Av Blood Sugar 
after Thiourea, 

A\ 

A\ 

Group 

Animals 

Treatment 

mg /lOO ml 

mg /lOO ml 

Diff. 

% 

1 

27 

Thiourea 10 mg /Kg. (con- 
trols) 

113.63 

183 48 

69 85 
(±33 39) 

63 67 

2 

12 

Sodium Iodide ad libitum for 
two da vs, then thiourea 

101 72 

117 93 

16 21 
(±13 62) 

19 70 

3 

12 

Sodium Iodate ad libitum for 
tuo days, then thiourea 

112 20 

132 C3 

20 53 
(±12 54) 

18 90 


were employed to deliver sodium iodide and sodium 
iodate solutions throughout the experiment At the 
start of the experiment the animals were divided into 
three groups. 

The rats in Group One, all nonfasting, male, al- 
bino rats, ranging in weight between 182 and 270 
grams, were given tap water ad libituvi as drinking 
water for two days, and served as controls in the 
experiment. After two days, the animals were bled 
from the tail, and blood glucose determined by the 
Folin-Malmros method (6) Immediately after 
withdrawing blood, a thiourea solution (10 mg./Kg. 
of body weight of a 0 5% aqueous solution) was in- 
jected intraperitoneally, and a second blood sample 
was taken after two and one-half hours The blood 
glucose concentration was again determined by the 
Folin-Malmros method. 

Group Two, consisting of nonfasted, male, al- 
bino rats, ranging in weight between 138 and 182 
grams, was given a solution of sodium iodide 
(0 2%) ad libitum as drinking water for two days, 
whereupon blood was drawn from the tail, and the 
blood glucose level determined as above. Thiourea 
solution (10 mg./Kg. of body weight) was immedi- 
ately injected intraperitoneally. After two and one- 
half hours a second blood sample was withdrawn 
and blood glucose determined. 

Group Three consisted of nonfasted, male, albino 
rats, ranging in weight between 125 and 252 grams 
These animals were treated identicall}' as Groups 
One and Two, except that they received sodium 
iodate solution (0.2%) as drinking water ad libitum 
for two days. Blood samples were drawn from the 
tail both immediately before and two and one-half 
hours following the intraperitoneal injection of 
thiourea (10 mg /Kg. of body weight). Blood glu- 
cose was determined by the Folin-Malmros method 
as with all groups 

RESULTS 

The rats in Group One, receiving no iodide or 
iodate therapy prior to the intraperitoneal injection 
of thiourea, showed an average blood sugar rise of 
69 85 (±33 39) milligrams per 100 milliliters of 
blood two and one-half hours following the injection. 

The rats in Group Two, receiving a two-day, ad 
libitum administration of sodium iodide prior to an 
intraperitoneal injection of thiourea, showed an 
average blood sugar rise of 16 21 (±13.62) milli- 
grams per 100 milliliters of blood two and one-half 
hours after the injection 

The rats in Group Three, receiving a two-day ad 
libitum administration of sodium iodate prior to an 
intraperitoneal injection of thiourea, showed an 
average blood sugar rise of 20 53 (±12 54) milli 


grams per 100 milliliters of blood two and one-half 
hours after the injection. 

DISCUSSION 

The rodenticidal property of thiourea and its 
derivatives, proposed by Richter (7), and tested on a 
controlled scale by MacKenzie and MacKenzie (8), 
and others in the early and middle forties, is a 
result of severe pulmonary edema and pleural effu- 
sion. Drinker (9) found an eighty-fold increase in 
lymph flow from the heart and lungs following an 
injection of alphanaphthylthiourea (ANTU) into 
rats Although toxic doses vary greatly among 
strains of the same animal, and wild rats are much 
more resistant than laboratory animals, there can 
be no doubt of the toxicity of these agents. 

It was DuBois, Holm, and Doyle (1) who first 
observed a rise in blood sugar following the adminis- 
tration of thiourea and its congeners, the hyper- 
glycemia being associated with increased liver glyco- 
genob'sis; the onset, extent of activity, and dura- 
tion being dependent upon the quantity given. 
DuBois, Hermann, and Erway (2) noted that the 
results were not altered by hypophysectomy, nor 
was there an inhibition of glycolysis or the oxidation 
of glucose. 

Although the mechanism of action is uncertain and 
as yet no specific antidote has been found for thio- 
urea, it has been observed that drugs which prevent 
or diminish the hj’perglycemic response will also 
prevent or diminish the toxic effects. Griesbach, 
Kennedy, and Purves (3) have protected animals by 
the repeated injection of potassium iodide; and 
B3'errum (4) enabled rats to withstand many times 
the lethal dose b>’ feeding the animals a diet rich in 
iodine, and by administering potassium iodide and 
iodine in drinking water Mann (5) showed the 
protective action of potassium iodide and potassium 
iodate when administered ad libitum in drinking 
water. In this experiment the protective properties 
of sodium iodide and sodium iodate against the hj'- 
perglycemic response to thiourea have been demon- 
strated. 
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of plastic closures studied, melamine and mineral 
filled plastic closures are more effective barriers 
to moisture vapor than phenolic resin closures. 
Removal torque values indicate that the differ- 
ence in barrier efficienc)’ of the three types of 
plastic closures is probably due to the “backoff,” 
or slow unscrewing of phenolic closures. This is 
caused by the expansion of phenolic resin closures 
in a humid atmosphere. The use of melamine 
or mineral filled plastic closures decreases this 
“backoff” tendency. One tj-pe of phenolic resin 
closure studied, the Poly-Seal closure, did not 
backoff to any appreciable extent. This closure 
consists of a plastic cap with a polj'ethjdene cone 
liner which molds itself around the sealing areas 
of the container. As the closure is applied, the 
polyeth 3 ’lene liner takes the shape of the con- 
tainer finish. Removal torque values indicate 


that metal closures show no appreciable tendency 
to “backoff” in a humid atmosphere. 

Of the 16 liners investigated, polj’ethylene, 
aluminum foil, plastic-wax saturated pulpboard, 
and red rubber liners were found to be the most 
effective moisture vapor barriers, particularly 
when used in metal closures. A 0.040-in. solid 
polj'ethjdene liner was considerably more effec- 
tive than a 0.003-in. polyeth 3 dene extruded on 
paper liner. Fig. 2. 

It is felt that studies of this type are im- 
portant when considering problems of product 
stability, particularly of formulations that are 
adversely affected by moisture. 
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The Effect of Orally Administered Sodium Iodide and 
Sodium lodate on Blood Sugar Response to 
Thiourea in Rats* 

By ARTHUR H. MCCREESH and DAVID E. MANN, Jr. 


Sodium iodide and sodium iodate, when 
administered in drinking water for a period 
of two daj's as a 0.2 per cent solution, greatly 
diminished the hyperglycemia which nor- 
mally follows the intraperitoneal injection of 
thiourea. The mechanism of action is not 
definitely known, but the protection may re- 
sult from the prevention of epinephrine re- 
lease, or the inhibition of hepatic glyco- 
genolysis. 

"pOLLOWING THE OBSERVATIONS of DuBois, 
Holm, and Dojde (1), and, later, of Dubois 
Hermann, and Erway (2) that, following the 
intraperitoneal injection of thiourea and its deriv'- 
atives, there occurs in adult rats a marked rise in 
blood sugar associated witli increased hepatic 
gtycogenolysis, several researchers have endeav- 
ored to prevent the h)-perglycemia induced by 
these agents and thus, possibly, to uncover their 
mode of action and develop an antidote for the 


* Received ^lay 3, 1957, from Temple University, School 
of Pharmacy. Philadelphia 40, Pa. 

Abstracted from a thesis presented to the Graduate School 
of Temple University, School of Pharmacy, by Arthur H. 
McCreesh, in partial fulfillment of the requirements for the 
deiH'ee of Master of Science. 

Presented to the Scientific Section, A. Pii, A., New Vork 
Citj' meeting. May 1957. 


toxic effects of pulmonarj' edema and pleural ef- 
fusion, as seen in adult rats. The injection of 
iodide every four days has protected rats (3). 
Byerrum (4) and Mann (o) have shown that the 
oral administration of iodine and iodides, either 
as Lugol’s solution, potassium iodide or potas- 
sium iodate, will similarly afford protection 
against the hyperglycemic response, and will en- 
able the animal to withstand normally lethal 
doses. 

This experiment is intended to determine the 
relative protective activity of sodium iodide and 
sodium iodate against the hypergtycemia follow- 
ing the intraperitoneal administration of ten 
milligrams per kilogram of body weight of thio- 
urea to nonfasted, male, albino rats. 

EXPERIMENTAL 

Male rats of the Wistar strain were used ex- 
clusively in this experiment. The animals were 
placed in individual cages and were permitted to re- 
main in these cages for periods of five to eight days 
before being used. All were fed Purina Lab Chow, 
and were given tap water ad libilum through glass 
tubes attached to drinking bottles until placed on a 
particular liquid diet. The same drinking bottles 
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Table I. — Effect of Sodium Iodide and Sodium Iodate on Blood Sugar Response to Thiourea in 

Nonfasted, Male, Albino Rats 



No. of 


Av. Blood Sugar 
before Thiourea, 

Av. Blond Sugar 
after Thiourea, 

Av. 

Av. 

Change, 

Group 

Animats 

Treatment 

mg./lOO ml. 

mg./lOO ml. 

Diaf. 

% 

1 

27 

Thiourea 10 mg./Kg. (con- 
trols) 

113.63 

183.48 

69.85 

(±33.39) 

63.67 

o 

12 

Sodium Iodide ad libitum for 
two davs, then thiourea 

101.72 

117.93 

16.21 

(±13.62) 

19.70 

3 

12 

Sodium Iodate ad libitum for 
two days, then thiourea 

112.20 

132.63 

20.53 

(±12.54) 

18.90 


were emploj’cd to deliver sodium iodide and sodium 
iodate solutions throughout the experiment. At the 
start of the experiment the animals were divided into 
three groups. 

The rats in Group One, all nonfasting, male, al- 
bino rats, ranging in weight between 182 and 270 
grams, were given tap water ad libitum as drinking 
water for two days, and served as controls in the 
experiment. After two days, the animals were bled 
from the tail, and blood glucose determined by the 
Folin-Malmros method (6). Immediately after 
withdrawing blood, a thiourea solution (10 mg./Kg. 
of body weight of a 0.5% aqueous solution) was in- 
jected intraperitoneally, and a second blood sample 
was taken after two and one-half hours. The blood 
glueose concentration was again determined by the 
Folin-Malmros method. 

Group Two, consisting of nonfasted, male, al- 
bino rats, ranging in weight between 138 and 182 
grams, was given a solution of sodium iodide 
(0.2%) ad libitum as drinking water for two days, 
whereupon blood was drawn from the tail, and the 
blood glucose level determined as above. Thiourea 
solution (10 mg./Kg. of body weight) was immedi- 
ately injected intraperitoneally. After two and one- 
half hours a second blood sample was withdrawn 
and blood glucose determined. 

Group Three consisted of nonfasted, male, albino 
rats, ranging in weight between 125 and 252 grams. 
These animals were treated identical!}’’ as Groups 
One and Two, except that they received sodium 
iodate solution (0.2%) as drinking water ad libitum 
for two days. Blood samples were drawn from the 
tail both immediately before and two and one-half 
hours following the intraperitoneal injection of 
thiourea (10 mg./Kg. of body weight). Blood glu- 
cose was determined by the Folin-Malmros method 
as with all groups. 

RESULTS 

The rats in Group One, recei-ving no iodide or 
iodate therapy prior to the intraperitoneal injection 
of thiourea, showed an average blood sugar rise of 
69.85 (±33.39) milligrams per 100 milliliters of 
blood two and one-half hours following the injection. 

The rats in Group Two, receiving a two-daj’, ad 
libitum administration of sodium iodide prior to an 
intraperitoneal injection of thiourea, showed an 
average blood sugar rise of 16.21 (±13.62) milli- 
grams per 100 milliliters of blood two and one-half 
hours after the injection. 

The rats in Group Three, receiving a two-day ad 
libitum administration of sodium iodate prior to an 
intraperitoneal injection of thiourea, showed an 
average blood sugar rise of 20.53 (±12.54) milli 


grams per 100 milliliters of blood two and one-half 
hours after the injection. 

DISCUSSION 

The rodenticidal property of thiourea and its 
derivatives, proposed by Richter (7), and tested on a 
controlled scale by MacKenzie and MacKenzie (8), 
and others in the early and middle forties, is a 
result of severe pulmonary edema and pleural effu- 
sion. Drinker (9) found an eighty-fold increase in 
lymph flow from the heart and lungs following an 
injection of alphanaphthylthiourea (ANTU) into 
rats. Although toxic doses vary greatly among 
strains of the same animal, and wild rats are much 
more resistant than laboratory animals, there can 
be no doubt of the toxicity of these agents. 

It was DuBois, Holm, and Doyle (1) who first 
observed a rise in blood sugar following the adminis- 
tration of thiourea and its congeners, the hyper- 
glycemia being associated with increased liver glyco- 
genolysis; the onset, extent of activity, and dura- 
tion being dependent upon the quantity given. 
DuBois, Hermann, and Erway (2) noted that the 
results were not altered by hypophysectomy, nor 
was there an inhibition of glycolysis or the oxidation 
of glucose. 

Although the mechanism of action is uncertain and 
as yet no specific antidote has been found for thio- 
urea, it has been observed that drugs which prevent 
or diminish the hyperglycemic response will also 
prevent or dimmish the toxic effects. Griesbacb, 
Kennedy, and Purves (3) have protected animals by 
the repeated injection of potassium iodide; and 
Byerrum (4) enabled rats to withstand many times 
the lethal dose by feeding the animals a diet rich in 
iodine, and by administering potassium iodide and 
iodine in drinking water. Mann (5) showed the 
protective action of potassium iodide and potassium 
iodate when administered ad libitum in drinking 
water. In this experiment the protective properties 
of sodium iodide and sodium iodate against the hy- 
perglycemic response to thiourea have been demon- 
strated. 
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A Study of the Effect of Lubricant and Fines on a 

Tablet Granulation* 

By F. C. HAMMERNESSt and HERMAN O. THOMPSONJ 

A series of six formulations was made in which the amount of lubricant added was a 
variable ranging from 0 to 5 per cent, and in which the amount of fines added was a 
variable ranging from 0 to 70 per cent. The rate of flow was measured, using a 
standard procedure which was modified for this experiment. A measurable effect 
was induced by the lubricant and the fines. The study was extended to determine 
whether the effects of lubricant and of fines could be demonstrated in the actual com- 
pression of the tablet. The results obtained indicate that some measurable effects 
can be noted. The physical properties evaluated were: weight variation, hardness, 
thickness, disintegration, and durability. The method of determining durability of 
tablets was devised for this study, while the other methods used were standard 

procedures. 


A REVIEW OF THE LITERATURE (1-59) reveals 
that most of the investigation and research 
on tablet manufacture, with the exception of 
studies on tablet disintegration and tablet coat- 
ing, have been conducted since 1945. This pub- 
lication does not attempt to review the literature 
beyond providing a selected bibliography on 
tablet manufacture, inasmuch as references on 
tablet coating and disintegration are excluded 
beyond the citation of the two references (15, 16) 
which adequately cover these phases of studies. 

The effects that fines and lubricant have upon a 
granulation are known empirically by many 
workers who have had experience in tablet man- 
ufacture, but there is no significant quantitative 
data to substantiate many of the statements 
made about them. Textbooks and bulletins are 
similarily deficient as to specific information 
which could be greatly beneficial to the beginner. 
This work was conducted to contribute quanti- 
tative findings as to these effects. 

PRELIMINARY INVESTIGATION 

The granulation used throughout this study con- 
sisted of lactose employing a 2% solution of liquid 
glucose U. S. P. as the binding and wetting agent. 
A 16-mesh sieve was used for screening, so that all 
granules that passed through a 16-sieve but were 
retained by a 40-sieve were considered a #16 granu- 
lation. The portion which passed through the 
40-sieve was considered fines. These fines were 
analyzed with the following results: 

40 to 60 mesh . . . . 28% 

60 to 80 mesh. . ..22% 

80 to 100 mesh . . . . 15% 

Less than 100 35% 
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The above percentages were used in making “con- 
trol fines” for the study. The #16 granulation con- 
tained no fines according to the above definition. 
Calculation of per cent fines added in each formula- 
tion was based upon the final total weight; that is, 
10% fines was interpreted as 10 grams of fines and 
90 grams of granulation. 

Talc was used as a lubricant because of its gen- 
eral acceptance over the years and because of its 
economy and relative freedom from incompatibili- 
ties and adverse reactions. One gram of talc was 
used for each 100 grams of granulation, or 1% in 
this instance. 

The density of the granulation determined in the 
conventional manner was found to be 1.505 as 
compared to 1.418 for lactose alone. 

EXPERIMENTAL 

To measure the effect of fines and lubricant upon 
tablet granulations, determinations were made both 
as to the rate of flow of the granulations and physical 
characteristics of the tablets compressed; further- 
more a correlation was sought between the rate of 
flow and characteristics of the compressed tablets. 
A statistical anabasis was performed on the data in 
an attempt to determine whether the results ob- 
tained could be expressed more quantitatively. 

Flow Rate. — ^The rate of flow was measured by 
using a standard funnel and a measuring cup as 
described in A. S. T. M. Standard D-392-38(60). The 
stainless steel funnel measured inches in diame- 
ter, 4V2 inches vertically from top to bottom, a V» 
inch inside diameter at the bottom and the side had 
a slope of 20 degrees from the vertical. The meas- 
uring cup was a glass cylinder with a capacity of 
100 ml., calibrated to an accuracy of 0.5 ml. It 
measured 1.572 inches for inside diameter, and 3.144 
inches for inside height. 

The small end of the funnel was closed with the 
finger and a sample was poured into the funnel. 
The bottom of the funnel was quickly opened and 
the material was allowed to flow freely into the cup. 
After all of the material had passed through, the 
excess amount was leveled off with a spatula. The 
material in the cup was weighed to the nearest 0.1 
gram. This amount of the granulation was placed 
in the funnel, and at the same instant that the bot- 
tom was opened a stop watch was started. The 
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watch was stopped ns the last particle left the fun- 
nel. The time was recorded to the nearest 0.1 
second. This same procedure was repented five 
times for each sample and the average time in 
seconds was calculated. 

The material was allowed to flow freely into the 
measuring cup without packing or tapping. Had the 
cup been tapped so as to increase the volume of 
granulation, theoretical values would have been ap- 
proached more nearly, but in all probability the 
values would not have been more practical. 

Test Granulations. — The samples consisted of 
the lactose granulation, "control fines,” and lubri- 
cant. Granulations with 0, 10, 20, 30, 40, 45, 50, 
55, 60, and 70% fines and no lubricant constituted 
one series of samples. The other series contained 
the same percentages of fines but lubricant was 
added in amounts of 1, 2, 3, 4 and 5 per cent. 
Based upon the theoretical investigation by Hoy 
(61), the fill ratio (Fr) and actual flow rate were 
determined. The fill ratio was the per cent of space 
occupied by the granules and was calculated as 
follows: 

Wt. of 100 ml. of granulation 
density X 100 ml. 

The apparent volume was the space occupied by the 
granules and the void space between granules. The 
actual volume was the space occupied by the gran- 
ules only. The apparent volume rate of flow was 
the volume of the cup (100 ml.) divided by the time 
in seconds. To obtain the actual number of milli- 
liters that flowed per second, the apparent volume 
of flow was multiplied by the fill ratio. This actual 
flow rate was designated by the symbol Fa. 

Results. — ^The data obtained as shown in Table I 
demonstrated that fines and lubricant do have a 
measurable effect upon the rate of flow with a 
general increase to a maximum followed by a 
decrease. 


Table I. — Actual Volujie of Flow in Milli- 
liters PER Second (Fa) 


Fines, 












% 

0 

1 

2 

3 

4 

5 

0 

2.32 

2.58 

2.85 

2.74 

2.80 

2.81 

10 

2.64 

2.83 

2.88 

3.01 

3.09 

3.08 

20 

2.71 

2.97 

3.05 

3.15 

3.22 

3.19 

30 

3.03 

3.23 

3.34 

3.50 

3.47 

3.49 

40 

3.69 

3.38 

3.49 

3.59 

3.62 

3.68 

45 

3.92 

3.57 

3.65 

3.73 

3.73 

3.83 

50 

3.41 

3.55 

3.72 

3.80 

3.81 

3.89 

55 

3.42 

3.76 

3.78 

3.72 

3.80 

3.95 

60 

3.32 

3.67 

3.73 

3.69 

3.85 

3.86 

■ 70 

3.33 

3.58 

3.43 

3.49 

3.61 

3.56 


Tablet Compression. — Samples from the same 
formulations as those used in flow rate determina- 
tions were used for compression in an attempt to 
correlate the former to the actual compression of 
tablets. The tablet machine was kept in adjust- 
ment to constantly deliver a tablet of 300 mg. in 
weight and a hardness of 8 as measured with a 
Strong, Cobb hardness tester. With this particular 
formulation tablets containing 0, 1, and 2% lubri- 
cant could not be compressed satisfactorily to 
render an acceptable product. 

Evaluation of the Compressed Tablets. — ^The 
criteria of evaluation were hardness, weight varia- 


tion, thickness, disintegration, and durability. 
These are usual standards with the exception of 
durability. The criteria in the case of durability 
was a measurement of the loss in weight of 20 tablets 
due to frictional erosion. The tablets were placed 
in glass vials and allowed to shake for ten minutes 
in an Arthur shaker. The weight of the 20 tablets 
was recorded before and after shaking and the loss 
in weight recorded in mg. (11, 54-56). 


Table II. —Formula 16 with 3, 4, and 5% Talc 


Fines, 

Av. 

Wt., 

Av. 

Thick- 

ness, 

Hard- 

ness, 

Strong 

Cobb 

Av. 

Disinte- 

gration, 

Dura- 

bility 

Wt. 

Loss, 

% 

nig. 

mm. 

Units 

sec. 

mg. 

0 

317 

4.28 

3% 

6.9 

24.2 

15 

10 

333 

4.44 

7.1 

22.3 

25 

20 

311 

4.18 

5.85 

27.1 

20 

30 

319 

4.31 

7.95 

25.8 

25 

40 

344 

4.49 

8.5 

31.8 

15 

45 

349 

4.64 

7.35 

25.2 

40 

50 

a 

a 

a 

a 

a 

55 

a 

a 

a 

a 

a 

60 

a 

0 

a 

a 

a 

70 

0 

0 

a 

a 

a 

0 

321 

4.17 

4% 

10.2 

46.3 

15 

10 

314 

4.25 

5.9 

26.7 

25 

20 

S04 

4.21 

5.0 

22.7 

35 

30 

314 

4.29 

5.7 

24.5 

40 

40 

332 

4.43 

6.35 

26.9 

40 

45 

344 

4.50 

6.65 

28.2 

20 

50 

338 

4.53 

5.25 

23.6 

45 

55 

322 

4.39 

5.15 

22.4 

20 

60 

332 

4.45 

6.2 

25.8 

25 

70 

331 

4.44 

5.7 

24.2 

30 

0 

320 

4.37 

6% 

4.3 

21.4 

25 

10 

329 

4.40 

4.75 

28.8 

30 

20 

327 

4.40 

5.05 

29.6 

35 

30 

331 

4.36 

5.6 

29.6 

25 

40 

329 

4.37 

5.2 

26.9 

25 

45 

320 

4.34 

5.2 

26.5 

25 

50 

326 

4.37 

5.95 

26.8 

20 

55 

320 

4.29 

6.6 

29.9 

15 

60 

330 

4.45 

5.05 

23.7 

35 

70 

322 

4.35 

5.05 

24.1 

40 


® Satisfactory tablets could not be compressed in this range 
using this formulation. 


Statistical Analysis. — The data collected in this 
study lends itself to statistical analysis, and the 
experiments were designed to facilitate such an 
analysis. 

To measure the uniformity of each sample the 
reciprocal of the coefficient of variation was used; 
this is termed the coefficient of uniformity (C. U.). 

On these C. U.’s the following analysis was per- 
formed : 

(a) For each per cent lubricant group an equa- 
tion was fitted relating the per cent fines to uni- 
formity. 

iy/s) = C. U. = id -|- biXi -}- biXj} 
bo. bi, and 6. are constants determined from the data. 

Xi = per cent fines *1“ = (per cent fines)* 

In actual calculations it was easier to code first the 



GO 


Journal or the American Pharmaceutical Association 


Vol XLMI. No 1 


per cent fines to reduce the size of the numbers 
This coding was done bj the formulas 

Cl = (-Cl — xi), vi = mean per cent fines 

C; = (Xl - v,) = 

The final form of the equation uas then- 
C U = 6o 4~ "h ^2^2 


fines will not flow freely With addition of lubri- 
cant to a granulation an appreciable improvement 
in the rate of flow was noted. The addition of 
lubricant beyond 2% did not substantially improve 
the rate of flow. In this case an optimum amount 
was not the criterion sought, but rather the minimum 
amount that could be used with practical efficiency 
The addition of lubricant increased the rate of flow 


(6) For each fit made, a test of goodness of fit xvas 
made by the use of the statistic i?® is a meas- 
ure of the strength of the relationship between per 
cent fines and uniformity. It may be thought of 
as varj’ing from 0 to 1 where 0 is no relation and 1 
is a perfect relation It may also be thought of as 
X 100 measuring the percentage of the variabil- 
ity in C. U 's explainable by the different amounts of 
per cent fines, i e , the “predictability” of uniform- 
ity knowing the per cent fines 

(c) Where uas not larger than a value which 
could have occurred by chance (i e , "nonsignifi- 
cant”) the conclusion is that there has not been a 
real relationship demonstrated 

(d) Three levels of "significance” were recog- 
nized- borderline, just short of the 5% level, 
significant, above the 5% value but short of the 1% 
value, and highly significant, exceeding the 1% 
value 

(e) Results were plotted for those measurements 
vhere R‘ was borderline or higher For those re- 
sults in which R‘ was less than borderline, the best 
estimate of the quantity is the mean value averaged 
over all per cent fines 

In the case of the durability and flow rate, uni- 
formity was not the criterion, but the actual meas- 
urements themselves were related to the per cent 
fines m the same procedure as with the C U 's 
Durability was measured as per cent weight loss, 
and flow rate was measured as ml per second. See 
Figs 1 and 2, and Table III for a summary of results 

DISCUSSION 

As shown by the results in Table I the fines had 
a measurable and uniform effect upon the flow of a 
tablet granulation The addition of fines increased 
the rate of flow to an optimum level, after which the 
rate began to decrease A granulation of 100% 




90 | 

Table III — R^ (R = Multiple Correlation qq 
Coefficient) Showing Relationship between 
Per Cent Fines Expressed as the C U and 70 
Physical Properties of Tablets for Various 

Percentages of Lubricant cr> 


< 

11 

0 

3 

-Lubricant, %- 
4 

5 

50 - 

Weight 

0 40 

0 21 

0 32 

40 - 

Thickness 

0 86- 

0 GO'- 

0 78“ 

Hardness 

0 15 

0 67- 

0 14 

30 - 

Disintegration 

0 13 

0 G4- 

0 35 

Durability, wt 
loss, % 

0 24 

0 02 

0 01 

20 - 

Flow Rate, ml /sec 

0 90- 

0 99- 

0 92“ 

1 0 - 



“ Significance at the 1% le\el of probability 
6 Borderline significance 
c Significance at the 5% le\el of probabiIit> 

Significance le\els taken from Statistical Tables for Bio- 
logical, Agricultural, and Medical Research b 5 R A Fisher 
and r Yates 


L— 1 1 I 

3 4 5 

% Lubricant 

Fig. 2 — Total mean coefficient of uniformity. 
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to a anti then it began to decrease It 

seems logical to assume that beyond the mavimum 
point the lubricant gives the effect of too many 
fines 

A combination of lubricant and fines appeared to 
have a synergistic action upon the rate of flow, as 
the rate increased when both fines and lubricant 
nerc added Again it could be noted that a maxi- 
mum point was reached, which was the optimnin 
ratio of fines and lubricant The maximum lay 
between 50 and 60% fines regardless of the concen- 
tration of the lubricant. 

When fines and lubricant have such uniform ef- 
fects upon the flow of the granulation, the rate of 
flow for a given formula is indicative as to its be- 
havior. 

In general the results as noted in Table II seem 
to follow the same pattern as the flow rate. The 
degree of consistency was not as great as in the case 
of the flow rate detenninations The lubricant was 
shown to be increasingly effective in those cases 
where tablets could not be compressed satisfac- 
torily, but did not apply to preventing binding and 
sticking in the die. The measurement of lubricant 
by the ease of ejection alone is not completely satis- 
factory nor does its measurement by rate of flow 
suffice. 

Table III shows the relationship between per cent 
fines and the physical properties of the tablets that 
were measured for given percentages of lubricant. 
Thickness and flow rate were the only factors that 
appeared to have a real relationship throughout 
This does not mean that the data for which no real 
relationship was demonstrated are valueless, but 
it does indicate that the extent of the efiects if pres- 
ent were of the same order of magnitude as the 
chance factors 

The tests that were conducted on durability were 
not considered in the coefficient of uniformity or as 
predicted values of the same, as its value ivas so 
low as to be considered chance effect 

The most striking results are the measurements 
based upon the rate of flow (Fig. 1). The correla- 
tion as shown by these results approach near per- 
fection, 1. In this case the R value is greater than 
0 9 in all instances 

It has been shown that a lubricant and fines will 
have a direct effect upon the physical characteris- 
tics of tablets in that the variation of these two fac- 
tors will have a direct effect on the rate of flow 
It can be said that of the contributing factors, the 
lubricant and fines will be responsible for more 
than 90% of the variation in flow rate. 
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Correlation of Molecular Refraction with 
Structure in the Terpene Series* 

By LUZ OLIVEROS-BELARDOt and PAUL J. JANNKE 

Alolecular refractions were determined for a number of terpenes and related com- 
pounds. Wherever optical exaltation occurred it was correlated with the struc- 
tural configurations of the respective compounds. Optical isomers gave identical 
values while geometric isomers differed, with the trans-fotm giving the higher value. 
Isolated double bonds did not cause exaltation, but conjugated double bonds defi- 
nitely increased the molecular refraction. This was particularly marked when an 
exocyclic bond was conjugated with one within the cycle. A double bond in con- 
jugation with a three memhered cycle gave higher exaltation than one in conjuga- 
tion with a four membered cycle. The unique influence of the isopropyl group on 
the cyclic double bond nearest to it results in a marked change in molecular refrac- 
tion. 


^ i 'extbooks on qualitative organic analysis 
mention molecular refraction as a valuable 
aid in the identification of organic compounds, 
yet this physical constant is seldom reported in 
the literature. Guenther (1) states that molecu- 
lar refraction is a valuable constant frequently 
employed in determining the identity of isolates 
from the essential oils. However, in his orvn 
treatise, which is by far the most comprehensive 
work published on the volatile oils to date, mo- 
lecular refraction is seldom listed among the 
phvsical constants of the terpenes and terpenoids. 

Being replete with isomerism of all kinds, the 
terpenes present unusual problems in identifica- 
tion. This study was undertaken to disclose 
correlations which could be draivn between struc- 
tural features of the isomers and variations in the 
basic molecular refraction. 

DISCUSSION 

Molecular refraction is fundamentally the sum of 
the individual atomic refractions These values, 
however, show variation based on generic differences 
as is illustrated by oxygen in the hydroxyl, car- 
bonyl, carboxyl, and ether types of linkages. The 
simple sum of the appropriate values may not agree 
with experimental results because of exaltation or 
depression resulting from inherent structural char- 
acteristics, such as a double bond conjugated with a 
cj'cle, a side chain or another double bond. Among 
isomers, subtle structural differences may account 
for wide variations in molecular refractions, and 
these variations when determined experimentally 
can be interpreted in terms of distinctive structural 
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habits. Correlation of such data should aid materi- 
ally in the rapid identification of known terpenes 
and in projecting the structure of terpenes not 
yet known. 

Experimental data compiled in this work was 
applied to the formula of Lorentz and Lorenz (2) 
which, it is claimed, is independent of temperature, 
pressure, and state of aggregation. In calculating 
the theoretical molecular refractions, the atomic 
refractions for the D-line determined by Bnihl and 
Conrady (3) were found to give the most accurate 
results 

Understandably, the samples of terpenes and 
related compounds used in this study were necessar- 
ily of the highest purity attainable. Pure compounds 
of this type are not available commerciallJ^ there- 
fore they were either isolated from the essential oils 
of high quality or were donated by laboratories of 
high repute. 

Generally, samples were distilled at reduced pres- 
sure immediately prior to use. For the larger sam- 
ples, a Todd precise fractionation assembly was used, 
at various reflux ratios. When the volumes of 
samples were of the order of 2.5 ml and less, small 
scale fractionating equipment’ was employed. 
Isolates were held under nitrogen in tightly closed 
containers. They were maintained in a constant 
temperature bath for about twelve hours prior to 
being used in measurements The prisms of the 
refractometer* were maintained at 25° by means of 
a circulating water-temperature regulator. When- 
ever possible, specific gravities were determined in a 
10-ml. Geissler pycnometer, for greater accuracy. 
When only small volumes of samples were available, 
Sprengel-Ostwald type pycnometers with capacities 
ranging from 0.1 to 5.0 ml were employed. These, 
too, were maintained at a constant temperature by 
keeping them in a closed container which was im- 
mersed in the water bath. 

The data which are recorded were checked repeat- 
edly in order to be assured of their accuracy. The 
onljf substance which did not behave consistently 
was <f-limonene. That which was produced by the 
fractionation of sweet orange oil (cold-pressed), and 
repeatedl}' distilled from metallic sodium, appeared 
to be identical with a sample furnished b}' the Naval 


* Metro Industries, Long Island City, N Y 

* Bauscb and Lomb Optical Co , Type 33-‘15-5C 
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Stores Station. On the other hand, d-limonene 
isolated from lemon oil boiled at onlj' 0.1° less than 
the rf-limonene from orange oil, yet tlie differences 
between their specific gravities, refractive indices, 
and optical rotations were very great. Based on 
the low rotation of the d-limonene from lemon oil, 
it might be eoncluded that some f-limonene could 
be present, however /-limonene has never been 
reported to occur in citrus oils. The alternative 
explanation is that in addition to d-limonene of con- 
ventional configuration lemon oil may contain the 
d- and /-forms of the strainless ring isomers (the 
chair and the boat forms) whose angular rotation, 
depending upon their proportions, could depress 
that of d-limonene of planar configuration It is 
of significance to note that the refractive index 
(1 4725) reported for d-Umonene by some investi- 
gators (4) was attained only after the limonene from 
lemon oil stood for sixteen days under ordinary con- 
ditions of storage. 

EXPERIMENTAL 

Samples of hydrocarbons obtained from the var- 
ious sources’ were carefully prepared for physical 
measurements (see Discussion) which were applied 
in the calculation of molecular refractions (Table I) 

CONCLUSIONS 

An analysis of the data given in Table I affords 
the following conclusions. 

1. Based on the figures referred to by past 
investigators as to the range of normal and 
anomalous refractions,^ the results of this inves- 
tigation show that normal molecular refraction 
was shown by trans-/>-menthane, cis-^-men- 
thane, 3-/>-menthene, limonene, dipentene, ter- 
pinolene, />-cymene, and a-pinene. Those that 
gave exaltation were 3,8-/)-menthadiene, a- 
terpinene, d-a-phellandrene, ^-pinene, and sabin- 
ene. 

2. The identical molecular refraction obtained 
for limonene from oil of orange (IV, Table I) 
and dipentene (V, Table I) shows that optical 
isomerism introduces no difference in molecular 
refraction. 

3. It will be noticed that even within the 
group of isomeric compounds showing normal 
molecular refraction, the effect of structural var- 
iation is demonstrated, in that there exist 
in some of them a difference in degree of normal 
refraction. Thus, trans-^-menthane (I, Table I) 
gave a higher value than its isomer, cis-/>-men- 
thane (II, Table I). The foregoing results agree 


* The authors gratefully acknowledge the receipt of samples 
of hydrocarbons for this study The Hercules Powder Co , 
Wilmington, Del , kindly furnished cis-f>-menthane, 3-/>- 
menthene, 3,8-f>-menthadiene, a-terpmene and terpinolene 
The Naval Stores, U S D A , Olustee, Fla , kindly supplied 
trans-^-menthane, d-hmonene, and a-pinene 

< A difference of +0 03 to +0 26 was considered “normal'* 
refraction, +0 34, “little exaltation “ +0 5, “exaltation’*, 
and above +0 5, “marked exaltation ” 


with the findings of Bruhl who showed that opti- 
cal isomers give the same molecular refraction 
while geometric isomers differ, the trans-form 
giving the higher value. 

4. Since the molecular refraction of limonene, 
dipentene, and terpinolene (IV, V, and VIII, 
Table I) fall within the range of normal values, 
the isolated double bonds in each of these com- 
pounds did not cause optical anomaty. 

5. Of the bicyclic terpenes used in this in- 
vestigation, ;S-pinene and sabinene showed marked 
e.xaltations. a-Pinene gave the highest refrac- 
tion among those that gave normal refractions. 

6. Conjugated double bonds definitely raised 
molecular refraction. 3,8-p-Menthadiene (VI, 
Table I), a-terpinene (VII, Table I), and d-a- 
phellandrene (IX, Table I) all showed optical 
exaltation. Of these hydrocarbons, 3,8-p-men- 
thadiene gave the highest exaltation, indicating 
that an exocj'clic double bond conjugation with 
a double bond inside the ring produces high 
exaltation. 

p-Cymene (X, Table I), with its three double 
bonds in conjugation, became an exception. 
The sudden drop from the marked exaltation of 
a-terpinene to the normal refraction of p-cymme 
is consistent with reports that the benzene ring 
does not show optical exaltation.® 

7. The exaltation of |8-pinene and sabinene 
and the almost low exaltation of a-pinene show 
that a double bond conjugating with a cycle 
could cause exaltation. From the result ob- 
tained for sabinene, and from reports in Htera- 

I 

A 

ture (5) for carene, , the location of the 

cycle that is in conjugation with the double bond 
is immaterial, i. e., it may be an inner or an outer 
cycle. As to whether or not this property holds 
true onty for bicyclic compounds cannot be held 
conclusive until measurements are made for 
compounds having the following types of con- 
figuration 



where a double bond lies in conjugation with a 
cycle in a monocyclic compound. 

8. Comparing the exaltations obtained for 


® Measurements for purified toluene and purified benzene 
were made as a side line to this work It was obser% ed that 
both of these hydrocarbons did not show exaltation 
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Table I — Structural CoNriGURATioN and Molecular Refraction 


^ Molecular Refraction 

Compounds u'd dSs Calcd Found DiSTerence 

I Trans-^-menthanc 1 4364 0 7962 46 03 46 08 4-0 05 

(C.oHro) 

CHs H 



II Cis-/>-menthane 1 4412 0 8085 46 03 45 81 —0 22 

(CioHco) 

CHs H 



III 3-^-Menthene 1 4501 0 8109 45 64 45 81 -fO 17 

(CioHis) 



I\ iZ-Limonene 


(C.oHio) 


1 Lemon Oil'' 

1 4718 

0 8492 

45 24 

44 90 

-0 34 

From < Orange OiF 

1 4700 

0 8414 

45 24 

45 20 

-0 04 

1 Naval Stores" 

1 

1 4709 

0 8413 

45 24 

45 24 

-0 00 

1 

/\ 

0 

J\ 

y Dipentene 

1 4708 

0 8420 

45 24 

45 20 

-0 04 


(C.oH.e) 

A 

I I 

\/ 

I 


3,8-p-Mentliadiene 1 4902 0 8550 45 24 46 08 -f-O 84 

(C.oHio) 



YU. 


a-Tcrpinenc 

(CioHie) 


I 


1 4759 0 8373 45 24 4 5 86 -1-0 62 
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Table I {Continued) 


Compounds 

Vm. Tcrpinolcne 
(CioH.o) 


1.4877 0.8632 45.24 


Molecular Refraction^ 

<^26 Calcd. Found Difference 


45.42 


+0,18 


/N 

IX. (/-a-Phellandrene'' 
(CioH.o) 


V / 


1.4691 0.8323 45.24 45.58 +0.34 


X. />-Cynienc* 

(C10H14) 


1.4878 0.8584 44.84 45.02 + 0.18 


/\ 

XI. of-Pinene 

(CioH.s) 


1.4636 0 8577 


43.53 


43.79 


+0.26 


XII. 0-Pmene' 
(CioHu) 

A 

1 / 

/ 

\1/ 


1.4733 0.8650 


43.53 


44.19 


+ 0.66 


XIII. Sabinene" 

(CioH.s) 


1 4641 0.8424 


43.53 


44.61 


+ 1.08 


“ Limonene fraction b p 66 3°, at 15 ram , + 86°36' 

f* Limonene fraction b p 66 4°, at 15 ram ; forjp® -f- I22°24' 

' B p 66 4°, at 15 mm ; (a]“ + 122° 24' 

4 Distilled from Alanila elerai oil, b p 61 0°, 4'117°2' 

* Commercial terpene-free f>-cymene distilled at 15 mm yielded fraction 53 5-54 0°, which was redistilled from metallic 
sodium at 760 mm , b p 174 0® 

/ From Canadian fir oil, b p 1G5-165 5®, at 760 mm 
From savin oil, b p 66 5®, at 30 mm 


^-pinene (XII, Table I) and sabinene (XIII, 
Table I), and taking into consideration the 
reported exaltation for A'' carene, it appears that 
an ethenoid linkage conjugating with a three- 


membered ring produces exaltation higher than 
that produced by conjugation with a four-mem- 
bered ring. 

9. The exalting effect of an ethylenic bond 
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outside but attached to the ring was demon- 
strated in terpinolene (VIII, Table I), /3-pinene 
(XII, Table I), and sabinene (XIII, Table 1). 
The exaltation due to conjugation between an 
ethenoid linkage and a cycle was already ex- 
plained in one of the preceding paragraphs. How- 
ever, a-pinene, with its double bond conjugating 
with a cyclobutane ring does not show this effect 
because its difference of 0.256, although the high- 
est obtained among the normal refractions in 
this work, does not come up within the range of 
what can be called true exaltation. But in 
shifting the double bond to the outer part of the 
ring, as in /3-pinene, there is produced marked 
exaltation. Therefore, the position of the double 
bond, more than the conjugation between double 
bond and cycle, seems to be responsible for the 
marked exaltation. The observed molecular 
refraction for terpinolene supports this observa- 
tion. WTiile the molecular refraction for ter- 
pinolene lies within the normal values, it is far 
above those for dienes where an exocyclic ethe- 
noid linkage is removed from the ring as in limon- 
ene and dipentene. 

The high exaltation of sabinene could prob- 
ably be interpreted as a function of the presence 
of two highly influential conditions for exalta- 
tion; namely, the ethenoid bond attached to 
the nucleus, and the same, conjugating with a 
three-membered ring. Further studies along 
this line would have been worthwhile had there 


been some a-thujene, [\ j, available for compari- 


est to it. Although the measurements for ben- 
zene and toluene were done primarily for veri- 
fication of the nonexalting effect of the benzene 
ring, the results of the analj'sis tend to show the 
effect of the isopropyl group on moleeular refrac- 
tion in the J>-menthene series. Benzene gave a 
difference of —0.248, and toluene — 0.126S, 
or a difference of —0.1212 between them. But 
from toluene to />-C 3 Tnene, a sudden rise of 
-1-0.3077 difference was noted. Since the essen- 
tial structural difference between toluene and 
^-cymene lies in the isopropyl radical, it is evi- 
dent that the sudden rise in difference must have 
been brought about either by the isopropyl group 
per se, or bj' a combined effect of the presence of 
the group and its influence on the neighboring 
double bond. 

Results of measurements for a-phellandrene 
and a-terpinene lend a strong support to the 
combined effect, since both of them contain the 
isopropyl group. They also have a sj'stem of 
conjugated double bonds inside the cycle. The 
1-2 position of one double bond is eommon to 
them. The only apparent difference that could 
create the wide gap between their molecular 
refractions is the position of their respective second 
double bond; that of a-terpinene being nearest 
to the isopropyl group. By the same token, the 
marked exaltation of 3,8-/>-menthadiene may be 
due, not only to the system of conjugation occurr- 
ing between an exocyclic and cyclic bonds, but 
also to what may be a unique influence of the 
isopropyl group on the double bond in position 
3-4. 
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Studies on the EflFects of Ephedrine in the 
Presence of Cocaine* 

By PHILLIP V. HAMMONDf 


The pressure response of ephedrine was 
found to be reduced in anesthetized dogs by 
the previous administration of cocaine, as has 
been reported in earlier works. It was deter- 
mined that this reduction was not due to tachy- 
phylaxis. A definite relationship between 
dosage of cocaine, time allowed for the animal 
to become cocainized, and a lessening to the 
response of ephedrine were observed. Simi- 
lar effects were also ascertained in studies 
on spleen volume. The action of the two 
drugs on cardiac output was determined by 
means of the radioactive isotope dilution 
method using I*’*. 

T T HAS BEEN OUR EXPERIENCE to note that ephed- 
■*' rine in the presence of cocaine does not pro- 
duce a rise in the blood pressure of the anesthe- 
tized dog within ranges usually observed with a 
given dose of ephedrine. Indeed on one or two 
occasions the rise in blood pressure induced by 
ephedrine in the cocainized animal was so slight 
that it was insignificant. 

At one time ephedrine was thought to have a 
mechanism of action similar to epinephrine (1), 
i. e., acting through tlie same receptor mecha- 
nism. However, this does not explain the many 
unrelated actions such as tachyphylaxis, central 
nervous system stimulation, prolonged action, 
and desensitization by cocaine. 

In 1928 Chen (2), using a small dose of cocaine 
(10 mg.), reported the effects of cocaine on the 
pressor action of ephedrine. Chen reported that 
the rises of blood pressure produced were within 
normal ranges. However, Tainter (3) in 1929 
reported that cocainization of cats and dogs pre- 
vented or greatly decreased the pressor, cardiac, 
and respiratory responses to ephedrine and 
simultaneously sensitized the pressor and cardiac 
responses to epinephrine. Tainter also reported 
that he obtained the desensitization to ephedrine 
and also the sensitization to epinephrine regard- 
less of the type of anesthesia and also in the 
absence of anesthesia. 

In 1933 Hoick (4) explained a method for 
demonstrating the difference between ephedrine 


* Received May 3, 1957, from Howard University, College 
of Pharmacy, Washington 1, D. C. 

Presented to the Scientific Section, A. PH. A., New York 
Meeting, April-May, 1957, 
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and epinephrine blood pressure response after 
cocaine. In 1953 Shinyo (5) reported that 
cocaine was rather synergistic with epinephrine 
but to other sympathomimetic amines it was 
rather antagonistic. Despite the effects of many 
investigators who have contributed to the vast 
amount of literature on this drug, the exact mecha- 
nism of action has not been definitely estab- 
lished. This paper, based largely on pilot experi- 
ments, is concerned with further elucidation of 
the mechanism of action of ephedrine on the car- 
diovascular system in the presence of cocaine. 

EXPERIMENTAL 

Pressure Response. — Throughout the pressor 
experiments a total of twelve mongrel dogs of both 
sexes were used. The trachea and the carotid 
artery were isolated and cannulated. Blood pres- 
sure was recorded by means of a merciuy manom- 
eter. Respiratory changes were recorded by means 
of a tambour. A 4% solution of cocaine hydro- 
chloride in varying doses was injected subcutane- 
ously and a 1% solution of ephedrine hydrochloride 
in doses of 0.3 mg./Kg. was injected into the femoral 
veins of dogs under sodium pentobarbital anesthesia 
(30 mg./Kg.). The procedure was to ascertain the 
normal blood pressure after the animal had become 
stabilized, inject ephedrine, and after a suitable 
interval of at least forty-five minutes and the blood 
pressure had returned to normal, cocaine was injected. 
Twelve minutes were allowed for the animal to be- 
come cocainized. At the tennination of the cocaniza- 
tion period a second injection of ephedrine was 
administered. This procedure was repeated three 
or four times. Electrocardiographic changes were 
taken with a Sandbom Viso-Cardiette using stand- 
ard limb leads. 

Isolated Heart. — Cocaine and ephedrine are 
known to be antagonistic on the heart. Several 
experiments were carried out on the isolated rabbit 
heart using the Langendorff and Anderson pump 
(6, 7). The purpose was to observe whether or not 
this antagonism could be demonstrated in the iso- 
lated heart preparation. The animal was sacrificed 
by a sharp blow on the back of the neck. The heart 
was quickly removed and placed into the chamber. 
Here it was oxygenated and perfused with a modified 
Ringer’s solution at a constant temperature of 
37.5°. After the normal amplitude, the normal 
rate of contraction, and the perfusion rate had been 
determined, the two drugs were perfused through 
the preparation at definite intervals. Cocaine was 
introduced in doses of 4 mg. whereas ephedrine was 
employed in doses ranging from 1.5 mg. to 15 mg. 

Splenic Volume Change. — Ephedrine in the pres- 
ence of cocaine was tested on splenic volume changes 
bj' opening the abdomen of small anesthetized dogs, 

C7 



Anticonvulsant Activity of Pyrazole and of Pyrazole 
with Aliphatic Substitutions at the Three Position* 

By JOHN E. OWEN, Jr.,t EDWARD E. SWANSON, J and DONALD B. MEYERS§ 


Pyrazole and a series of 3-H-aUphatic sub- 
stinited pyrazoles have been shown to have 
anticonvulsant activity in rats and mice. In 
this study, extension of the length of the 
aliphatic chain up to four carbons increased 
the acute toxicity and anticonvulsant activity 
of these compounds. Further lengthening of 
the substituents decreased the toxicity and 
activity. The compounds, as anticonvul- 
sants, were found to be more active in rats 
than in mice. 

A mong a series of- nitrogen-containing five- 
membered heterocycles investigated for 
central nervous system activity by Gibson, et al. 
(1), some substituted pyrazoles were found to 
protect rats from convulsions induced by electro- 
shock and pentylenetetrazol (Metrazol). This 
finding has added another type of compound to 
the group of drugs classified as anticonvulsants. 
\ sun'ey of the literature has revealed relatively 
little information on the pharmacology of pyra- 
zole compounds. Those on which data are 
available have been reported to exert a variety 
of actions, including central nervmus system stim- 
ulation and depression, diuresis, and some muscu- 
lotropic action on smooth muscle. The depres- 
sion has been characterized by varying degrees of 
sedation, analgesia, and antipyresis. However, 
Gibson, el al. (1), appear to have been the first to 
report on the anticonvulsant activity of pyTa- 

^°Because certain of these pyrazoles with substi- 
tutions at the 3-position were found to possess 
•<mificant anticonvulsant activity, further study 
of°a homologous series substituted at that posi- 
tion seemed indicated. The investigation re- 
rted here was limited to an examination of the 
influence of straight-chain aliphatic substitutions 
at the 3 -position on the acute toxicity and anti- 
con%-ulsant properties of pyrazole. 


studied were; pyrazole, 3-methylpyrazolc, 3-«- 
propylpyrazole, 3-«-butylpyrazole, 3-«-amylpyra- 
zole, and 3-«-nonylpyrazole. The compounds were 
prepared by the following general reaction:' 

NaH 

RCOCH, + H5C2OCHO > 

ether 

RCOCHjCHO -f HjNNHj.HCl > 

C" 

\ 

HC C— R 

R = aliphatic substituent | || -j- NaCI 

HN N 

These compounds, with the exception of pyrazole, 
are clear, yellow oils. Pywazole is a white crystal- 
line substance which melts at 70°. All compounds 
were relatively insoluble in water. 

Methods. — The compounds were administered 
orally as gum acacia emulsions. Rats of both sexes 
of a Wistar derived strain, weighing 90-140 Gm.; 
and mice of both sexes of the Bittncr-A strain, 
weighing 15-30 Gm., were employed for the assays. 

Acute Toxicity. — The median lethal dose (LDso) 
with standard error (S. E.) was determined for each 
compound in both the rats and the mice. The 
animals were observed for lethal effects over a period 
of seventy-two hours. 

Anticonvulsant Activity. — Anticonvulsant activity 
was evaluated by the maximal electroshock seizure 
test (M. E. S.) of Toman, et al. (2), and by the sub- 
cutaneous Metrazol seizure test described by 
Swinyard (3). A dose response curve of anticon- 
vulsant activity at a predetermined time of peak 
activity was established for each compound on each 
of the procedures. The median lethal and median 
effective (EDw) doses with standard errors were 
computed by the Bliss method (4). 

RESULTS 

The data obtained from the assays of these pyra- 
zole compounds have shown that pyrazole itself has 
anticonvulsant activity in rats and mice and that 
normal aliphatic substitutions at the 3-position 
quantitatively altered this activity (Tables I, II, 
and HI). 
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the 3-M-butylpyrazole to have the optimal activity 
and safety margin on all procedures except the sub- 
cutaneous Metrarol test in mice. The 3-«-butyl 
compound appeared to be the most active member 
of the series but the 3-K-propylpyrazole had a slightls’ 
better T, I. 

At the doses used to determine acute toxicities, 
the pattern of depression produced in the rats and 
the mice was the same for all of the compounds. 
The animals became ataxic with general muscle 
weakness followed by loss of righting reflexes and 
slowed respirations. They became comatose with 
pronounced cyanosis and death resulted from res- 
piratory failure. 

The onset of peak activitj’- (Table IV) was more 
rapid and the duration of peak activitj- shorter in 


Table 1. — ± S. E. of Pvrazole and 
3-Aliphatic Substituted Pvrazoles in 
Rats and Mice 




/r- 

Substituent 

Rats 

Mice 

Hvdrogen 

1734.0 ± 109.2 

1456.0 ± 96.1 

Methyl 

1312.0 ± 78.7 

885. 5 ± 59.3 

Propyl 

615.5 ± 52.3 

778.0 ±38.1 

Butjd 

509.3 ± 25.5 

543.7 ± 24.5 

Amyl 

522.9 ± 41.3 

637.7 ± 27.4 

Nonyl 

2695.0 ± 207.5 • 

1078.0 ± 87.3 


mice than in rats. However, in rats, it was ob- 
served that at the end of peak activity time, the 
activity fell off very rapidly with all of the com- 
pounds except the 3-n-nonj-lpjTazole. In mice, for 
the most part, there was a gradual decline in the 
activity after the end of peak action. In Table IV 
the duration of activitj- was estimated as that inter- 
val of time, including the peak time duration, at 
which no less than 25% of the animals were protected 
from convulsions. 

All compounds proved more active as anticon- 
vulsants in rats than in mice. The 3-n-propj-lpjTa- 
zole, and 3-«-amj']pjTazole were more toxic in rats 
than in mice. The T. I.’s were shown to be more 
favorable in rats than in mice. 

DISCUSSION 

The compounds were tested in both rats and mice 
to determine whether a species difference existed. 
Swinyard, el al. (5), considered that either animal is 
suitable for this tj-pe of testing but that it is de- 
sirable for a more definitive comparison to use both 
species. Furthermore, unless the compounds being 
tested are chemically related to agents known to 
have antiepileptic effects, these assaj-s maj- be seri- 
ouslj' limited in predicting anj- clinical efficacy un- 
less at least two species are used. In this evaluation 
of 3-«-aliphatic substituted pyrazoles as anticon- 
vulsants, the qualitative results were similar for 


Table II. — EDss ± S. E. and T. I. of PiUAzoLE and 3-Aliphatic Substituted Pyrazoles Against 

M.E.S. 


Rats* * Mice* 


Substituent 

EDm ± S.E. 

T, I. 

EDj» d: S.E. 

T. I. 

Hydrogen 

89.32 ± 8,22 

19.48 

284.10 ± 11.60 

5.13 

Methyl 

66.99 ± 6.79 

19.88 

173.90 ± 6.80 

5.12 

Propyl 

32.86 ± 3.00 

19.22 

101.50 ± 4.50 

7.70 

Butyl 

14.70 ± 2.06 

36.35 

66.99 ± 4.42 

8.23 

Amyl 

37.33 ± 3.88 

14.11 

79.49 ± 5.17 

8.06 

Nonyl 

48.09 ± 4.81 

56.15 

86.24 ± 8.50 

12.53 


Table III. — EDso 

=t= S. E. AND T. I. OF Pyrazole and S-Aliphatic Substituted Pyrazoles Against 
Metrazol Induced Seizures 




,,, 







Substituent 

EDfo S. E. 

T, I. 

ED«o ^ S. E. 

T, I. 

Hydrogen 

98.47 ± 11.32 

17.70 

377.6 ± 19.2 

3.89 

Methyl 

131.80 ± 9.70 

10.84 

236.2 ± 27.6 

3.75 

Propyl 

76.58 ± 13.02 

8.09 

138.7 ± 8.6 

5.64 

Butyl 

38.10 ± 6.48 

13.40 

109.5 ± 7.7 

4.98 

Amyl 

71.93 ± 7.34 

7.35 

226.0 ±22.7 

2.82 

Nonyl 

141.90 ±20.60 

19.11 

327.3 ± 17.3 

3.30 


Table IV. — Peak Time and Duration of Anticonvulsant Activity of Pyrazole and 3-Aliphatic 

Substituted Pyrazoles 



Dose, 

Rats 

Peak Time, 

Duration, 

Dose 

Mice— 

Peak Time. 

Duration, 

Substituent 

nig./Kg. 

min. 

min. 

mg./Kg. 

min. 

min. 

Hydrogen 

70 

300-360 

o 

160 

240 

a 

Methyl 

80 

300-360 

a 

250 

90 

300 

Propjd 

40 

60-120 

a 

125 

15-30 

200 

Butyl 

25 

30-120 

a 

80 

15-45 

7.5 

Amyl 

40 

30-120 

a 

80 

15-60 

a 

Nonyl 

50 

60-120 

180 

100 

15-45 

90 


® The drug activity at onset of action rose very rapidly to the peak and fell off rapidly after peak time. 
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exposing the spleen and placing it in an oncometer 
The oncometer ivas made airtight by covering the 
opening with gauze which had been impregnated 
uith petrolatum, t'olurac changes were registered 
by a tambour and made to record on a kymograph. 
Cocaine in doses of 15 mg./Kg. was injected subcu- 
taneously Ephedrine in doses of 0.3 mg./Kg. was 
injected intravenously. 

Cardiac Output. — Cardiac output studies were 
conducted by means of the radioactive isotope 
dilution method (S) using iodinated (I*®') human- 
serum albumin. Twenty cubic centimeters of 
Lugol's solution were administered orally to prevent 
the thjToid from picking up the radioactive iodine. 
Sodium pentobarbital 30 mg./Kg. was used as the 
anesthetic agent. The jugular vein and femoral 
artery were isolated and cannulae and Coumand 
needle were inserted. Iodinated human-serum 
albumin was injected in doses of 30 microcuries into 
the jugular vein. The dilution technique employed 
was to dilute 1 cc. of radioactive iodinated human- 
serum albumin to 5 cc. with normal saline. Of this 
dilution. 0.1 cc. was diluted to 10 cc. One cubic 
centimeter of the aliquot was used as a control. 
The volume of the dose was 4.4 cc. The dilution 
curve was obtained by plotting the radioactivity of 
the blood flowing over the detector as a function of 
time 

RESULTS 

Pressor Response. — In all experiments, and with 
doses of cocaine as little as 4 mg./Kg., the pressor 
response to ephedrine was reduced. Represented 
values of this diminution are presented in Fig. 1. 
The reduced pressor response of ephedrine in the 
cocainized animal was found to increase with in- 
creased doses of cocaine against a standard dose of 
ephedrine A dose of 30 mg./Kg of cocaine pre- 
vented 8!) 65% of the pressor response to cocaine. 
This nas greater than that obtained by Hamet (9). 
Hamet reported that ephedrine alone increased 
129%, and that ephedrine after cocaine only in- 
creased the blood pressure on the average of 71%, a 
reduction of 58% of the normal pressor response. 
In one experiment ephedrine did not increase the 
blood pressure in the cocainized animal. However, 
these results were not reproducible. In one experi- 
ment cocaine was injected into the animal prior to 
the administration of ephedrine. This was followed 



Fig. 1 — Diiniiiulion of pressor response to ephe- 
drine in the cocainized anhiial. 


by a dose of ephedrine at the end of twelve minutes. 
In this instance the inhibition of the pressor effect 
which occurred when a single dose of ephedrine was 
administered was less than in experiments when 
cocaine followed the first dose of ephedrine and 
subsequent doses of ephedrine were administered at 
definite intervals. For e.\-ample at a dose of 15 mg./ 
Kg. cocaine alone produced a 20% diminution in 
pressor response to ephedrine ; whereas cocaine at a 
dose of 15 mg./Kg. produced a 78% diminution in 
pressor response to ephedrine when administered to 
an animal who had received one dose of ephedrine. 
An interval of one hour or more between doses of 
ephedrine (0.3 mg./Kg.) prevented tachyphylaxis. 

Electrocardiographic changes revealed that im- 
mediately after the first dose of ephedrine there was 
apparently no change in heart rate. However, five 
minutes after the administration of ephedrine there 
was an average increase in heart rate of 50%. Be- 
cause of the increase the T and F waves became 
closer. The change in voltage or amplitude was 
insignificant, and the S wave became depressed. 
Five minutes after the administration of cocaine, 
the heart rate remained the same, and the amplitude 
remained the same; however, the 5 wave became 
more depressed. Ten minutes after the administra- 
tion of cocaine, the 5 wave appeared further de- 
pressed; the heart rate remained the same, and the 
amplitude remained the same; however, the 5 wave 
became more depressed. The maximum effect after 
the administration of cocaine revealed that the S 
wave was further depressed ; the heart rate remained 
the same; and the T wave appeared more prominent. 


NORMAL 




MAXIMUM EFFECT AFTER 1st DOSE COCAINE 



MAXIMUM EFFECT AFTER EPHEDRINE IN 
COCAINIZED ANIMAL 
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Fig. 2 — Cardiographic changes of ephedrine in 
the presence of cocaine. 
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Immediately after the administration of ephedrine 
in tlie cocainized animal, the heart rate remained the 
same; the 5 wave was still depressed; and the T 
wave became less prominent than when seen follow- 
ing cocaine. Five minutes after the second dose of 
ephedrine in the cocainized animal, the amplitude 
and the rate remained the same; however, the 5 
wave depression was somewhat less. 

The ma\imum effect of ephedrine in the cocain- 
ized animal revealed a decrease in heart rate, prom- 
inent depression of the 5 wave, a slight fall in volt- 
age or amplitude, and no changes in rhythm. 

Isolated Rabbit Heart, — Ephedrine did not afford 
protection against cocaine. However, with in- 
creased doses of ephedrine, the response to the de- 
pression of cocaine was somewhat lessened. The 
toxic levels of ephedrine, however, were soon 
reached, which levels resulted in a marked decrease 
in rate and response similar to that induced by 
cocaine. 

Splenic Volume Changes . — As seen in Fig 3, 
ephedrine alone produced not only a marked increase 
in blood pressure, but also a similar increase in con- 
traction of the spleen Cocaine produced a slight 
degree of contraction; however, ephedrine in the 
presence of cocaine produced no significant change 
in splenic contraction. 

Cardiac Output. — Cardiac output studies are still 
in progress However, there appears to be a 
definite trend which may be typified by the follow- 
ing expejiment (see Table I). 



Normal 


Ephedrine 

.3 mg/kg 12 mg/kg 


I 

Cocoine 


Ephedrine 
0.3 mg/mg 


Fig 3 — Splenic contractions 


prior to the administration of cocaine, the 5 tvave 
appeared depressed and the T wave appeared 
more prominent. The maximum effect of ephed- 
rine in the cocainized animal showed a substan- 
tial drop in heart rate from that seen after ephed- 
rine alone, this was accompanied by a slight 
fall in amplitude. There was no change in 
rh 3 'thm; however, there was a marked depression 
of the 5 wax’e. This latter finding is in keeping 
with the increase in cardiac output. 

3. Splenic volume changes (i e , contraction) 
accompanied the increase in blood pressure in- 
duced by ephedrine This splenic contraction 
was abolished by the prior administration of 
cocaine. 

4. Ephedrine increases the cardiac output. 


Table I 

Cardiac Output 

Cardiac Index 

Total Peripheral Resistance, Gm./dynes/ 
cm.’ 

Heart Rate 

Normal 

3.63 L /Min. 

4.0 L./Min./M’ 

2,564 

170 

Ephedrine, 

0 3 mg /Kg. 

5.77 L /Min. 

7.2 L./Min./M’ 

1,605 

ISO 

Ephedrine 

0 3 mg /Kg in the 
Cocainized Animal 

5 33 L./Min. 

6.67 L./Min /M’ 

1,738 

175 


From Table I, it can readily be seen that ephedrine 
substantially produces an increase in cardiac output 
However, the reduction in cardiac output induced 
by ephedrine in the presence of cocaine was not so 
great as expected. Further, it was somewhat sur- 
prising that the total peripheral resistance was 
lessened. Also the increase in heart rate was not so 
great as that revealed by the electrocardiographic 
method. More cardiac output studies are planned 

SUMMARY AND CONCLUSIONS 

1. Experiments have been described demon- 
strating reduced response of cocainized animals 
to standard doses of ephedrine. Under proper 
conditions this reduction amounted to as much as 
90 per cent It was determined that tachyphyl- 
axis was not responsible for the diminution in 
response to ephedrine in the cocainized animal 
after an interval of one hour or longer. 

2 Electrocardiographic studies revealed that 
ten minutes after the administration of cocaine, 
the heart rate remained very much the same as 


The reduction produced by the prior administra- 
tion of cocaine is not great. 

5 The increase in cardiac output induced by 
ephedrine is due mainly to the increase stroke 
volume rather than to an increase in heart rate 

6. Throughout these studies it has been 
clearly demonstrated that the effects of ephedrine 
are lessened by the presence of cocaine. Exactly 
how this effect is accomplished has not been 
ascertained. 
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Anticonvulsant Activity of Pyrazole and of Pyrazole 
with Aliphatic Substitutions at the Three Position* 

By JOHN E. OWEN, Jr.,t EDWARD E. SWANSON, t and DONALD B. MEYERS§ 


Pyrazole and a series of 3-K-aliphatic sub- 
stituted pyrazoles have been shown to have 
anuconvulsant activitj' in rats and mice. In 
this study, extension of the length of the 
aliphatic chain up to four carbons increased 
the acute toxicity and anticonvulsant activity 
of these compounds. Further lengthening of 
the substituents decreased the toxicity and 
activity. The compounds, as anticonvul- 
sants, were found to be more active in rats 
than in mice. 

A mon'G a series of- nitrogen-containing five- 
membered heterocycles investigated for 
central nervous st’stem activity b)' Gibson, el al. 
(1), some substituted pyrazoles were found to 
protect rats from convulsions induced by electro- 
shock and pentylenetetrazol (Metrazol). This 
finding has added another type of compound to 
the group of drugs classified as anticonvulsants. 
A survey of the literature has revealed relatively 
little information on the pharmacology of pyra- 
zole compounds. Those on which data are 
available have been reported to exert a variety 
of actions, including central nervous system stim- 
ulation and depression, diuresis, and some muscu- 
lotropic action on smooth muscle. The depres- 
sion has been characterized by varj'ing degrees of 
sedation, analgesia, and antipyresis. However, 
Gibson, el al. (1), appear to have been the first to 
report on the anticonvulsant activity' of pyra- 
zoles. 

Because certain of these pyrazoles with substi- 
tutions at the 3-position were found to possess 
significant anticonvudsant activity, further study 
of a homologous series substituted at that posi- 
tion seemed indicated. The investigation re- 
ported here was limited to an examination of the 
influence of straight-chain aliphatic substitutions 
at the 3-position on the acute toxicity and anti- 
convulsant properties of pyrazole. 

EXPERIMENTAL 

Materials and Preparation. — The compounds 
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studied were: pj'razole, 3-methylpyrazolc, 3-;;- 
propj'lpyrazole, 3-w-butylpj’razole, 3-M-amylp)Ta- 
zole, and 3-;:-non}'Ip5'razole. The compounds were 
prepared by the following general reaction:' 

NaH 

RCOCH3 + H5C.OCHO ) 

ether 

RCOCHjCHO 4 - H2NNH2.HCI > 

C" 

./ \ 

HC C— R 

R = alipliatic substituent | |j -f NaCI 

HN N 

These compounds, with the exception of pyrazole, 
are clear, yellow oils. Pyrazole is a white crj'Stal- 
line substance which melts at 70°. All compounds 
were relatively insoluble in water. 

Methods. — The compounds were administered 
orally as gum acacia emulsions. Rats of both sexes 
of a Wistar derived strain, weighing 90-140 Gm.; 
and mice of both sexes of the Bittner-A strain, 
weighing 15-30 Gm., were employed for the assays. 

Acute Toxicity. — The median lethal dose (LDso) 
with standard error (S. E.) was determined for eacli 
compound in both the rats and the mice. The 
animals were observed for lethal effects over a period 
of seventy-two hours. 

Anticonvulsant Activity. — Anticonvulsant activity 
was evaluated by the maximal electroshock seizure 
test (M. E. S.) of Toman, el al. (2), and b}’ the sub- 
cutaneous Metrazol seizure test described by 
Swinyard (3). A dose response curve of anticon- 
vulsant activity at a predetermined time of peak 
activity was established for each compound on eacli 
of the procedures. The median lethal and median 
effective (EDw) doses with standard errors were 
computed by the Bliss method (4). 

RESULTS 

The data obtained from the assays of these p 3 ’ra- 
zole compounds have shown that pyrazole itself has 
anticonvulsant activitj' in rats and mice and that 
normal aliphatic substitutions at the 3-position 
quantitatively altered this activity (Tables I, II, 
and III). 

Lengthening of the chain up to four carbon atoms 
increased both toxicity and anticonvulsant activity. 
When the chains were further increased in length to 
the amj'l and nonyl compounds, the activity and 
toxicity decreased. There was one exception: 
3-methj-Ipj-razole was less active than pj-razole in 
rats on the subcutaneous Metrazol® test. A com- 
parison of the therapeutic indexes (T. I.), calculated 
as LDso/EDm, of the three most potent of the com- 
pounds on each tj'pe of assay in both species, showed 


* The compounds used in this study were prepared by Df- 
Nelson R. Easton of the Organic Chemistry Division of The 
Lilly Research Laboratories. 
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the 3-)i-butylpyrazole to have the optimal activity 
and safety margin on all proeedures except the sub- 
cutaneous Metrazol test in mice. The 3-«-butyl 
compound appeared to be the most active member 
of the scries but the 3-H-propylpyrazole had a slightly 
better T. I. 

At the doses used to determine acute toxicities, 
the pattern of depression produced in the rats and 
the mice was the same for all of the compounds. 
The animals became ataxic with general muscle 
weakness followed by loss of righting reflexes and 
slowed respirations. They became comatose with 
pronounced cyanosis and death resulted from res- 
piratory failure. 

The onset of peak activity (Table IV) was more 
rapid and the duration of peak activity shorter in 


Table I. — LDso ± S. E. of Pyrazole and 
3-Aliphatic Substituted Pyrazoles in 
Rats and Mice 


-LDio it S E . mg /Kg 


Substituent 

Rats 


Mice 

Hydrogen 

1734.0 ± 109 2 

1456 0 ± 96.1 

Methyl 

1312.0 ± 

78 7 

885.5 ± 59.3 

Propyl 

615.5 ± 

52 3 

778.0 ± 38.1 

Butyl 

509.3 ± 

25.5 

543.7 ± 24.5 

Amyl 

522.9 ± 

41.3 

637.7 ± 27.4 

Honyl 

2695.0 ± 207.5 

1078.0 ± 87.3 


mice than in rats However, in rats, it was ob- 
served that at the end of peak activity time, the 
activity fell oS very rapidly with all of the com- 
pounds except the S-H-nonylpjTazole. In mice, for 
the most part, there was a gradual decline in the 
activity after the end of peak action. In Table IV 
the duration of activity was estimated as that inter- 
val of time, including the peak time duration, at 
which no less than 25% of the animals were protected 
from convulsions. 

All compounds proved more active as anticon- 
vulsants in rats than in mice. The 3-M-propylpyra- 
zole, and 3-n-amylpj’Tazole were more toxic in rats 
than in mice. The T. I.’s were shown to be more 
favorable in rats than in mice. 

DISCUSSION 

The compounds were tested in both rats and mice 
to determine whether a species difference existed 
Swinyard, ef al. (5), considered that either animal is 
suitable for this tjTie of testing but that it is de- 
sirable for a more definitive comparison to use both 
species. Furthermore, unless the compounds being 
tested are chemically related to agents known to 
have antiepileptic effects, these assays may be seri- 
ously limited in predicting any clinical efficacy un- 
less at least two species are used. In this evaluation 
of 3-n-aHphatic substituted pjuazoles as anticon- 
vulsants, the qualitative results were similar for 


Table II. — EDtj ± S. E. and T. I. of Pyrazole and 3-Aliphatic Substituted Pyrazoles Against 

M.E.S. 


Substituent 

EDso d: S E, 

T. 1 

ED&0 ± S B 

T I 

Hydrogen 

89.32 ± 8.22 

19 48 

284 10 ± 11 60 

5 13 

Methyl 

66 99 ± 6.79 

19 88 

173 90 ± 6 80 

5 12 

Propyl 

32.86 ± 3.00 

19 22 

101 50 ± 4 50 

7 70 

Butyl 

14.70 ± 2.06 

36 35 

66 99 ± 4 42 

8 23 

Amyl 

37.33 ± 3.88 

14 11 

79 49 ± 5 17 

8 06 

Nonyl 

48.09 ± 4 81 

56 15 

86 24 ± 8 50 

12 53 


Table III. — EDso 

=>= S. E. and T. I. OF Pyrazole and B-.'Iliphatic Substituted Pyrazoles Against 
Metrazol Induced Seizures 











Substituent 

EDiQ ^ S E 

T I 

EDso S K. 

T I 

Hydrogen 

98.47 ± 11 32 

17 70 

377 6 ± 19 2 

3 89 

Methyl 

131 80 ± 9.70 

10 84 

236 2 ± 27 6 

3 75 

Propyl 

76 58 ± 13.02 

8 09 

138 7 ± 8 6 

5 64 

Butyl 

38 10 ± 6.48 

13 40 

109.5 ±77 

4 98 

Amyl 

71 93 ± 7 34 

7.35 

226 0 ± 22 7 

2 82 

Nonyl 

141 90 ±20.60 

19.11 

327 3 ± 17 3 

3 30 


Table IV. — Peak Time and Duration op Anticonvulsant Activity of Pyrazole and 3-Aliphatic 

Substituted Pyrazoles 







■ 



Bose, 

Peak Time, 

Duration, 

Dose 

Peak Tune, 

Duration, 

Substituent 

mg /Kg. 

min. 

min. 

mg /Kg. 

mm. 

min. 

Hydrogen 

70 

300-360 

a 

160 

240 

a 

Methyl 

80 

300-360 

a 

250 

90 

300 

Propyl 

40 

60-120 

a 

125 

15-30 

200 

Butyl 

25 

30-120 

a 

80 

15-45 

75 

Amyl 

40 

30-120 

a 

80 

15-60 

o 

Nonyl 

50 

60-120 

ISO 

100 

15-45 

90 


® The drug activity at onset of action rose very rapidly to the peak and fell off rapidly after peak time 
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both species A quantitative difference was ob- 
served, bon ever, since the compounds were more 
active in rats than in mice 

The tno tests used in this investigation readily 
lend themselves to the evaluation of a large number 
of compounds (6), the usually given end points of the 
tests are n ell defined and the results are reproducible. 
Drugs found to be clinically effective against grand 
raal epilepsy nill as a rule appear active in the 
maximal electroshock seirure test. Those agents 
n hich are active against petit mal seizures will pro- 
tect animals given Aletrazol subcutaneouslj’ in 
threshold convulsive doses Some drugs, such as 
the barbiturate antiepileptics, will show a good cross 
activ'itj between the two procedures and this has 
been confirmed clinically 

A new group of compounds with anticonvulsant 
activity in rats and mice has been presented. This 
group represents another departure from the earlier 
suggestions that the more potent anticonvulsant 
agents have certain basic similarities in the struc- 
tural nuclei (7, 8). The investigation reported here 
has shown 3-w-aliphatic substituted pyrazole 
compounds active at dose ranges comparable to the 
activity found in experimental animals with some 
of the commonly used antiepileptic drugs In spite 
of the short duration of activity in e.xperimental 
animals, the potency and T I 's of some of these 
PiTazoles suggest their suitability for clinical in- 
vestigation In view of these findings, further stud- 


ies of other substitutions on p 3 Tazole should prove 
fruitful in revealing more interesting compounds 
with neuropharmacological activity. 


SUMMARY 


1. Pyrazole and a series of 3-H-aliphatic sub- 
stituted pyrazoles have been shown to possess 
anticonxTilsant activity. 

2. The optimal length of the aliphatic sub- 
stitution for maximum anticonvulsant activity 
in both rats and mice appears to be a chain of four 
carbons. 

3. The compounds were more active in ra 
than in mice as anticonvulsants. 
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Nitro-organophosphoms Compounds I.* 

Phosphite and Phosphate Esters of 2-Nitro-2-methylpropanol-l 


By WILLIAM SHELVER, M. 

A laboratory method has been developed 
for the preparation of the phosphite and 
phosphate esters of 2-nitrO'2-raethylpro- 
panol-1. Permanganate oxidation of the 
phosphite yielded the phosphate. 

■pREXTOus PUBLICATIONS (1-3) from this labo- 
ratory hax'e reported the preparation of various 
nitroalkx’I compounds for screening piuposes in 
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connection with our cancer research program. 
A further pharmacological study of one of these 
compounds, bis(2-nitro-2-methylpropyI)-sulfite 
has been reported (4). Within recent months cer- 
tain phosphorus derivatives such as triethylene 
phosphoramide (5), have been reported as show- 
ing efficacy against certain neuroblastomas and 
malignant melanomas. In view of the activity 
of this phosphorus compound it was believed 
xvorthwhile to extend the study' of aliphatic nitro- 
compounds to include the phosphite and phos- 
phate esters. Such nitro alkyl esters w'ould be 
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of definite value for cellular oxidation-reduction 
studies. 

Kosolapoff (G) in liis review of the cheinistrj^ 
of organopliosphorus compounds makes no men- 
tion of the nitro alkyl esters. We wish to report 
our method of preparation of the hitherto un- 
knomi tris(2-nitro-2-methylpropyl)-phosphite 
and our method of preparation of the previously 
reported (7, S) tris(2-nitro-2-methylpropjd)- 
^ phosphate. 

EXPERIMENTAL 

Tris(2-mtro-2-niethylpropyl)-phosphite. — In a 
1,000-ml. two-necked flask equipped with a dropping 
funnel, magnetic stirrer, and a reflux condenser, 
were placed 40 Gm. (0.34 mole) of 2-iiitro-2-methyl- 
propanol-l* dissolved in 200 ml. of dry ether and 24 

Li, 



WAVE LENGTH IN MILLIMICRONS 

Fig. 1 — Ultraviolet spectrum in absolute meth- 
anol of phosphate ester 0.002667 mole per liter (I), 
and phosphite ester 0.006072 mole per liter (II). 

Gm. (0,30 mole) pjTidine. The flask was cooled 
in an ice bath and 13.8 Gm. (0.1 mole) of phosphorus 
trichloride diluted with 100 ml. of drj' ether was 
added over a period of three hours with stirring. 
The resulting mixture was filtered and the filtrate 
evaporated to dryness under vacuum. 

The solid residue was extracted with three 200-ml. 

I Generously supplied by Commercial Solvents Corp. 


portions of acetone and the acetone removed under 
vacuum. The resulting white solid was dissolved 
in a minimum quantity of acetone and precipitated 
by adding the acetone solution slowly to an excess 
of cold water. Recrj'stallization from the same 
solvent mixture gave 19 Gm. (50%) of white crys- 
tals, insoluble in water, soluble in acetone, ether, 
absolute alcohol, and melting at 91-93°, uncor- 
rected. The ultraviolet spectrum (Fig. 1) was 
measured showing a maximum at 276 millimicrons. 
The molar extinction coefficient was found to be 
57.92. A sample dried under high vacuum for eight 
hours showed the following analysis: 

Calcd. for CijH.rNjOsP: C, 37.40; H 
6.28; N, 10.90; P, 8.04. Found: C, 37.26, 
37.34; H, 6.22, 6.28; N, 10.32, 10.49; P, 8.10, 
8.17. The phosphite ester was characterized by 
oxidation to the phosphate derivative using the 
method of ICessler (3). The resulting crystals, 
after drying under high vacuum mdted at 
151.5-152.5°. 

Tris(2 - nitro - 2 - methylpropyl) - phosphate. — 
This compound was prepared in a manner analogous 
to that described for the phosphite, using redis- 
tilled phosphorus oxychloride. After the reaction 
mixture was worked up in the usual manner, there 
remained 20 Gm. (50%) of white crystals. The 
product was insoluble in water, soluble in acetone, 
absolute alcohol, and melted at 151.5-152.5°, 
uncorrecteef. The ultraviolet spectrum (Fig. 1) 
was measured showing a maximum at 278 milli- 
microns. The molar extinction coefficient was 
found to be 65.20. A sample dried under high vac- 
uum for eight hours was used for analysis. 

Anal. — Calcd.for CisHnNsOioP: P, 7.72. Found: 
P, 7.68. A mixed melting point of the permanga- 
nate oxidation product of the phosphite and the phos- 
phate prepared as described showed no depression 
of the melting point. 

REFERENCES 

(1) Miller, C. E., and Knevel, A., This Journal, 43, 15 
(1954). 

(2) Miller, C. E., and Krook, D., ibid., 44, 99(1955). 

(3) Kessler, W., Blake, M. I., and Miller, C. E., ibid., 45» 
570(1950). 

(4) Reported New York meeting, A. PH. A., April, 1957. 

(5) Crossley, M. L., Cancer Research, 12, 256(1952). 

(C) Kosolapoff, G. M., "Organo-Phosphorus Compounds,” 
John Wiley and Sons, Inc., New York, N. Y., 1950. 

(7) Vanderbilt, B. M., U. S. Pat. 2.177.757, May 19. 1938. 

(8) West, M. J., U. S. pat. 2,597,706, Sept. 29, 1950. 


’ •* analyses by Clark Micro- 

Phosphorus determina- 
;thod. 



JOURN'AL OF THE AJIERICAX PHARMACEUTICAL ASSOCIATION 


^•ol XLVII, No 1 


72 


both species A quantitative difference was ob- 
served, honever, since tiie compounds were more 
active in rats than in mire 

Tlie tiio tests used in this investigation readilj^ 
lend themselves to the evaluation of a large number 
of compounds (6), the usuallj- given end points of the 
tests are w ell defined and the results are reproducible. 
Drugs found to be clinically effective against grand 
mal epilepsy will as a rule appear active in the 
maximal electroshock seirure test Those agents 
iihich are active against petit mal seizures will pro- 
tect animals given Metrazol subcutaneously in 
threshold convulsive doses Some drugs, such as 
the barbiturate antiepileptics, will show a good cross 
activitj between the two procedures and this has 
been confirmed clinically 

A new group of compounds with anticonvulsant 
activitj' in rats and mice has been presented. This 
group represents another departure from the earlier 
suggestions that the more potent anticonvulsant 
agents have certain basic similarities in the struc- 
tural nuclei (7, 8). The investigation reported here 
has shown 3-K-aliphatic substituted pjTazole 
compounds active at dose ranges comparable to the 
activitj' found in e.xperimental animals with some 
of the commonly used antiepileptic drugs In spite 
of the short duration of activity in experimental 
animals, the potency and T I 's of some of these 
pjTazoles suggest their suitability for clinical in- 
vestigation In vicii of these findings, further stud- 


ies of other substitutions on pj'razole should prove 
fruitful in revealing more interesting compounds 
with neuropharmacological activity. 


SUMMARY 


1, Pyrazole and a series of 3-«-aliphatic sub- 
stituted pyrazoles have been shown to possess 
anticonxiulsant activity. 

2, The optimal length of the aliphatic sub- 
stitution for maximum anticonvulsant activity 
in both rats and mice appears to be a chain of four 
carbons. 

3, The compounds were more active in rati 
than in mice as anticonvulsants. 
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Nitro-organophosphorus Compounds I.* 

Phosphite and Phosphate Esters of 2-Nitro-2-methylpropanol-l 

By WILLIAM SHELVER, M. I. BLAKE, and C. E. MILLER 


A laboratorj' method has been developed 
for the preparation of the phosphite and 
phosphate esters of 2-nitro-2-methylpro- 
panol-1. Permanganate o.xidation of the 
phosphite yielded the phosphate. 

REXuous PUBLICATIONS (1-3) from this labo- 
ratorj- have reported the preparation of various 
nitroalkj'l compounds for screening purposes in 
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connection with our cancer research program. 
A further pharmacological study of one of these 
compounds, bis(2-nitro-2-methylpropyl)-suIfite 
has been reported (4). Within recent months cer- 
tain phosphorus derivatives such as trietlij'lene 
phosphoramide (5), have been reported as show- 
ing efficacy against certain neuroblastomas and 
malignant melanomas. In view of the activity 
of this phosphorus compound it was beliex'ed 
worthwhile to extend the study of aliphatic nitro- 
compounds to include the phosphite and phos- 
phate esters. Such nitro alkj’l esters would be 
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of definite value for cellular oxidation-reduction 
studies. 

Kosolapoff (0) in his review of the cheinistrj' 
of organophosphorus eonipounds makes no men- 
tion of the nitro alkyl esters. We wish to report 
our method of preparation of the hitherto un- 
knomi tris(2-nitro-2-methylpropyl)-phosphite 
and our method of preparation of the previously 
reported (7, S) tris{2-nitro-2-methj-lprop3d)- 
phosphate. 

experimental 

Tris(2 - nitro - 2 -methylpropyl) -phosphite. — In a 
1,000-ml. two-necked flask equipped with a dropping 
funnel, magnetic stirrer, and a reflux condenser, 
were placed 40 Gm. (0.34 mole) of 2-nitro-2-methyl- 
propanol-1' dissolved in 200 ml. of dry ether and 24 
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Fig. 1 — Ultraviolet spectrum in absolute meth- 
anol of phosphate ester 0.002667 mole per liter (I), 
and phosphite ester 0.006072 mole per liter (11). 

Gm. (0.30 mole) p>Tidine. The flask was cooled 
in an ice bath and 13.8 Gm. (0.1 mole) of phosphorus 
trichloride diluted with 100 ml. of dry ether was 
added over a period of three hours with stirring. 
The resulting mixture was filtered and the filtrate 
evaporated to dryness under vacuum. 

The solid residue was extracted with three 200-ml. 


portions of acetone and the acetone removed under 
vacuum. The resulting white solid was dissolved 
in a minimum quantity of acetone and precipitated 
by adding the acetone solution slowly to an excess 
of cold water. Recrj'stallization from tlie same 
solvent mixture gave 19 Gm. (50%) of white crys- 
tals, insoluble in water, soluble in acetone, ether, 
absolute alcohol, and melting at 91-93°, uncor- 
rceted. The ultraviolet spectrum (Fig. 1) was 
measured showing a maximum at 276 millimicrons. 
The molar extinction coefficient was found to be 
57.92. A sample dried under high vacuum for eight 
hours showed the following analysis: 

A na/. 5— Calcd. for CuHiiNjOgP: C, 37.40; H 
6.28; N, 10.90; P, 8.04. Found: C, 37.26, 
37.34; H, 6.22, 6.28; N, 10.32, 10.49; P, 8.10, 
8.17. The phosphite ester was characterized by 
oxidation to the phosphate derivative using the 
method of Kessler (3). The resulting erystals, 
after drving under high vacuum melted at 
151.5-152.5°. 

Tris(2 - nitro - 2 - methylpropyl) - phosphate. — 
This compound was prepared in a manner analogous 
to that described for the phosphite, using redis- 
tilled phosphorus oxychloride. After the reaction 
mixture was worked up in the usual manner, there 
remained 20 Gm. (50%) of white crj'Stals. The 
product was insoluble in water, soluble in acetone, 
absolute alcohol, and melted at 161.5-152.5°, 
uncorrectetf. The ultraviolet spectrum (Fig. 1) 
was measured showing a maximum at 278 milli- 
microns. Tlie molar extinction coefficient was 
found to be 05.20. A sample dried under high vac- 
uum for eight hours was used for analysis. 

Aim/.— Calcd. for CnHuNjOioP : P, 7.72. Found : 
P, 7.68. A mixed melting point of the permanga- 
nate oxidation product of the phosphite and the phos- 
phate prepared as described showed no depression 
of the melting point. 
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Book Notices 


The Neurohypophysis. Edited by H. Heli-ER. 

Academic Press Inc,, New York, 1957. xv -f- 

275 pp. 19 X 25.5 cm. Price S9.50. 

This compilation of the papers and the discussions 
at the eighth s^-mposium of the Colston Research 
Society held in 1956 develops the two main lines 
of progress in the studj- of the neuropophysis; the 
evidence that the neurohypophisial hormones are 
elaborated not in the posterior pituitary lobe, but in 
the hjirothalamus; and the establishment of the 
chemical nature of the active principles — in some 
mammalian species. The titles of the papers are: 
Evidence concerning the endocrine function of the 
neuroh 3 'pophysis and its nervous control; Rela- 
tionship between neurohj'pophysial structure and 
function; The comparative aspect of neurosecretion 
with special reference to the hj'pothalamo-hj'po- 
ph 3 ’sial S 3 ’stem: The relationship of o.\ 3 'tocin and 
vasopressin to active proteins of posterior pituitary 
origin. Studies concerning the existence or non- 
existence of a single neurohypophysial hormone; 
Pol 3 ’peptides with posterior pituitary-like activities; 
The storage and liberation of neuroh 3 ’poph 3 ’sial 
hormones. The metabolism and fate of neurohy- 
pophysial hormones, The excretion of posterior 
pituitary principles in the urine; The effects of 
hemorrhage and plasma h 3 'pertonicity on the 
neuroh 3 'pophysis; Polydipsia, antidiuresis and milk 
ejection caused b 3 ' h3T3othalamic stimulation; 
Conditions under which posterior pituitary hor- 
mones increase sodium and potassium excretion b 3 '’ 
the kidney; The location of antidiuretic action in 
the mammalian kidney; The antidiuretic action of 
neuroh 3 'poph 3 'sial hormones in Amphibia; Neuro- 
h 3 ’pophysial hormones and the mammar 3 ' gland; 
On oxytocin and uterine function; The release of 
vasopressin and oX3'tocin in response to drugs; 
The adrenal-ncuroh 3 ’poph 3 -sial relationship; and 
Comparative aspects of adrenocortical-ncuroh 3 'po- 
ph 3 -sial relationships. References are given after 
each paper, but it is too bad that this beautifully 
printed and bound book does not include a general 
index as a reference aid. The book will be of par- 
ticular interest to biochemists, ph 3 'siologists, and 
pharmacologists. 


Vitamin A. By Tho.mas Moore. D. Van Nos- 
trand Compan 3 % Inc., N. J., U. S. distributors for 
Elsevier Publishing Compan 3 ', London, 1957, 
XX -t- 645 pp. 14.5 X 22.5 cm. Price $14. 

This book is presented as a compreliensive review 
on vitamin A compiled from data obtained by nu- 
tritionists, biochemists, chemists, and workers in 
related fields. The 39 chapters are grouped under 
the main headings: Historical introduction. Esti- 
mation of vitamin A and its provitamins and con- 
geners, Comparative biochemi5tr3' and natural 
histor 3 ^ of the carotenoids and vitamin A, Physiologj^ 
and biochemistr 3 ' of vitamin A and its provitamins 
and congeners, Patholog 3 ' of vitamin A deficiencj' or 
excess. Vitamin A in the human, and Special topics. 
An appendix includes vitamin A deficient diets for 


animals, determination of carotene in biological 
materials, and estimation of vitamin A b 3 ’^ ultra- 
violet spectrophotometr 3 '. References are given at 
the end of each chapter, and a very helpful aid in 
their use is the notation at the bottom of ever 3 ^ 
odd numbered page as to where the next group of 
references will be found. An author index and a 
good subject index add to the value of this excel- 
lently printed book as an important reference. 


Handbook of Solvents. Vol. I: Pure H 3 'drocarbons. 
By Ibert Mellan. Reinhold Publishing Cor- 
poration, New York, 1957. iv -t- 249 pp. 16 x 
23.5 cm. Price $6.50. 

This book attempts a S 3 'Stematic arrangement of 
the pure hydrocarbons used as solvents, grouping 
them according to distillation range as a means of 
bringing solvents with similar properties together. 
Solvents are listed by trade or commercial names, 
rather than b 3 ' chemical designation. The book is 
divided into an introductor 3 ^ section in tvhich tests 
are described and relevant general Information is 
given. This is followed by tabulated specifications 
for aliphatic hydrocarbons, aromatic hydrocarbons, 
and terpenes. A subject inde.x is appended. This 
excellently printed and tvell-bound book should be a 
useful reference in school and commercial labora- 
tories. 


Handbook of Material Trade Names. Supplement I 
to the 1953 edition. B3'’ O. T. Zimmerman and 
Irvin Lavine. Industrial Research Service, 
Inc., Dover, N. H., 1956. x + 383 pp. 19 x 27 
cm. Probable price $12.50. 

This supplement includes new items and brings 
up to date the status of many trade names that have 
been registered as trade-marks since the 19.53 edi- 
tion of this Handbook. The S 3 ’stera, style, and 
format of the supplement are similar to the 1953 
edition of the Handbook of Material Trade Names 
which was reviewed in This Journal, 42, 385(1953). 
Those who have found the earlier volume useful 
3vill welcome the issuance of supplement I. Sup- 
plement II is being prepared for publication. 

Selected Scientific Papers from the Institute Superiors 
di Sanitd {Rome). Vol. 1, Part 1, 1957. Inter- 
science Publishers, Inc., New York, 1957. 233 
pp. 17 X 24 cm. Price $8.10. 

This book is a compilation of articles of general 
scientific interest and of particular interest in the 
field of public health. Subjects include: "The low 
energy gamma ray spectrum of cosmic radiation,” 
and a section on the genetics and control of insects, 
particularly the house-fly. Of particular interest to 
pharmacists is the article on "Chemical and phar- 
macological studies of the alkaloids of Strychnos sp. 
from Brazil." This paper-back book is beautifully 
printed and illustrated, but it docs not have a gen- 
eral index. 
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Solvent Extraction in Analytical Chemistry. By 
George H. Morrison and Henry Preiser. 
John Wiley & Sons, Inc., New York, 1957. xi 
+ 209 pp. 15 X 23 cm. Price SG.75. 

This book covers the theory and practice of solvent 
extraction methods that arc applicable to rapid 
analyses for trace concentrations and highly com- 
I plex mixtures of inorganic compounds and materials. 

I The first part of the book takes up Principles of 
' solvent extraction, gives a classification of metal 
extraction systems and includes chapters on: 
Formation of metal complexes; Distribution of 
the extractable species; Chemical interaction in 
the organic phase; Quantitative treatment of ex- 
traction equilibria; and Kinetic factors in extrac- 
tion. Part 2 includes methods and techniques of 
extraction. Part 3 covers ion association and 
chelation in extraction systems, and Part 4 includes 
selected procedures tor the extraction of the ele- 
ments. A tabulation of organic solvents and their 
phj'sical constants is appended. 

The pharmaceutical analyst can note with relief 
the statement “Fortunately, emulsion problems are 
I not often encountered in most extraction separations 
employed for analytical purposes” (in the inorganic 
field). The sound observation is made that “The 
method of agitation undoubtedly influences the 
particle size, and analytical extractions involving 
solvents with a tendency to form emulsions are 
best performed with a continuous type of extractor.” 

The text is thoroughly documented with references 
including recent reports. An index list the elements 
and the reagents used iu their e.xtraction. A sub- 
ject index is appended. The book has a good for- 
mat, clear type and figures, and a good binding. 
It is a very useful addition to the technical librar 5 ' 
and should be helpful to teachers and practicing 
analysts. 


Rendiconti Instituto Snpcriorc di Sanitd. Vol. 
XVII, 1954. English Edition of Special Number 
on Pilot Plant Techniques of Submerged Fermen- 
tation. Edited b 3 ’ Dojienico Marotta and 
E. B. Chain. Published under the auspices 
WHO, 1957, copyright bj’ Fondazione Emanuele 
Paterno, Rome, 1954. x -f 243 pp. 17 x 24 
cm. Price: Lit. 5,000. 

The text contains twelve chapters entitled: 
Aeration studies ; A laboratorj' fermenter for vortex 
and sparger aeration; Fermenters of 90 and 300 L. 
capacity for vortex and sparger aeration; A "com- 
pensated” stuffing box and bearing unit for fer- 
menters of simi-industrial and industrial capacities; 
Pilot plant for fermentation in submerged culture; 
A simple rotarj' shaker; Antifoam agents in aerobic 
fermentation; Evaluation of the activities of 
antifoam preparations; Inter-relation of protein 
and poljmucleotide synthesis in Escherichia coli; 
The effect of mechanical agitation on the morphol- 
ogy of Penicillium chrysogenum Thom in stirred 
fermenters; Romanoa, a new genus of soil fungus 
with antibacterial activity; Genetics of Penicillium 
chrysogenum. I Heterokaryosis in Penicillium 
chrysogenum; and Genetics of Penicillium chryso- 
genum. II Segregation and recombination from a 
heterozygous diploid. Each section begins with 
a summary of the part of the text (in English, 


Italian, French, and German versions). The text 
is in English, with good type and excellent illustra- 
tions, but with a paper-back binding. The subject 
index is hardly more useful than the table of con- 
tents for reference purposes, but references are given 
at the end of each chapter. 


Ion Exchangers in Organic and Biochemistry. Ed- 
ited by Calvin Calmon and T. R. E. Kress- 
MAN, Interscience Publishers, New York, 1957. 
xii + 761 pp. 15 X 23 cm. Price S15. 

The editors of this book have attempted to en- 
compass the great increase in knowledge in the field 
of ion exchange by having various phases of the 
field covered bj' 37 authoritative contributors. 
The book is divided into three parts: the first two 
dealing with fundamentals and the techniques and 
apparatus used in the exchange and separation of 
ions, ivhile the third part deals with applications to 
specific aspects of organic and biochemistry. Part 
HI covers first, the ion exchange characteristic of 
bodj' tissue and cells, followed by: organisms, pro- 
tein materials, special body products and fluids, 
pharmaceutical and medical applications, plants and 
plant products, foods, organic chemistrj', catalj-sis, 
and water. 

Particularly interesting to the pharmacy field are 
the chapters on: Medical and pharmaceutical appli- 
cations, Isolation and purification of antibiotics. 
Vitamins, Alkaloids, Nonsteroid hormones. Iso- 
lation and analysis of the components of urine. 
Sodium and potassium removal in vivo, and Gastric 
acidity. The style, type, format, and binding of 
the book are very good. Each chapter has its ref- 
erences, and author and subject indexes are appended. 
This book is an excellent addition to the modern 
scientific library. 


Scoville’s The Art of Compounding. 9th ed. By 
Glenn L. Jenkins, Don E. Francke, Edward 
A. Brecht, and Glen J. Sperandio. The 
Blakiston Division, McGraw-Hill Book Com- 
panj% Inc., New York, 1957. vii -f 551 pp. 
18 X 25 cm. Price Sll. 

This excellent book, which is devoted to a clear 
and comprehensive treatment of pharmaceutical 
compounding and dispensing, is useful as a textbook 
for students and as a reference book for practition- 
ers. The authors have avoided the inclusion of 
material that is readily available in other books and 
compendia that should be conveniently at hand. 
This permits full treatment of the selected material 
without the need for handling an oversize book. 

The ninth edition is similar to the eighth edition, 
which was reviewed in This Joihinal, 40, 362 
(1951), with respect to its fine style and format, its 
clear ty'pe and illustrations, and the clarity of its 
text. A new chapter on ophthalmic solutions has 
been included and much new material has been 
added to give the text the new look iu modern 
compounding techniques and formulations. The 
thorough treatment of incompatibilities is retained 
as one of the valuable aids for studj^ and reference 
afforded by this very useful book. It can be 
recommended without reservation. 
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British Balwnal Formulary) (StandTrd Edition) 
Edited b\ the Joint Fonnularj Committee of the 
Bntish Medical -Association and The Pharmaceuti- 
cal SocietN of Great Britain The Pharmaceutical 
Press, London, 1957 226 pp 10 5 \ 16 5 cm 

Price 6s 6d , Interlea\ ed copies lOr 
This formulary for prescnbers m hospital and 
general practice is intended also to be useful to 
pharmacists in Great Britain, particularly as these 
practices and practitioners are related to the Bntish 
National Health Ser\ice Howeier, the Joint 
Formularj Committee notes "that a doctor is free 
to prescribe uhat he considers to be in the best 
interests of his patient, uhethcr or not the prepara- 
tion appears in the British National Formulary ” 

The re\ ision of The National Formulary 1955, 
uhich was re\ie\\ed m This Journal, 44, 319(1955), 
Mas made uithout appreciable change m style or 
format Si\tj si\ preparations were dropped and 
101 neu preparations ha\e been added The 
Committee noted receipt of "e\idence of some con- 
fusion betueen the ten j ear old National Formulary 
and a contemporary (69 i ear old) National Formu- 
lar\ , USA uhich is a book of standards,” and 
agreed to change the title to British National 
Formularj This was tery sporting and should 
resoUe an> confusion between the tuo compendia 
that are so useful m their respective fields 

The Committee is to be congratulated for con- 
tinuing to produce a concise compilation of much 
basic and useful information for the practitioners 
of medicine and pharmacj 
The British National Formulary, 1957, (Altsrna- 
ti%e Edition) is similar in many respects to the 
Standard Edition with the following exceptions 
the paragraphs on ‘ Notes for Prescriber are omitted 
from the front editions, but are integrated with 
the information in the formularj section, and the 
formularj section, which occupies most of the pages 
m both sections, is arranged m the Alternatn e Edi- 
tion according to a pharmacological classification 
The Standard Edition "formularj section” is ar- 
ranged according to a classification bj' pharmaceu- 
tical dosage forms The price of the Altcrnatiie 
Edition IS 7s Qd, mterleax ed copies, 10 6d 245 pp 
10 5 X 16 5 cm 

The Chemistry and Biology of Purines Ciba 
Foundation Symposium Edited bj‘ G E W 
WoLSTENHOLME and Cecilia M O’Connor 
Little, Brown and Company, Boston, 1957 
Ml -h 327 pp 13 5 X 20 5 cm Price S9 
This compilation of papers and diseussions in- 
cludes the follow mg reports Sjmthesis and proper- 
ties of purines of potential biological interest. Some 
sjnithetic studies on purines and related hetero- 
c\ cles. Some new N methj Ipurmes, The strueture 
of the hx dro\j-purmes investigated bx 0 and 
A'^methj lation. The spectra and structure of the 
monohx droxj-purmes and other potentiallj tauto 
meric purines, the - electron properties of purine 
calculated b\ the L C A O method. The degradation 
of uric acid bx xx ater under pressure. The 8 position 
in purines The chemical and biological transforma- 
tion of punnes into pteridmes, Cxr/onucleosides, 
Sterochemistrx of nucleoside sjnthesis, Sjnthetic 
chemical inx estigations related to the metabolism 
of purines. The effects of potential antipurmes on a 
punne requinng strain of Escherichia colt. The 


ehemistry of nexx punnes in the Bu series of vita- 
mins, Biological and microbiological activity of 
punne analogues of vitamin Bu, Puromycin, 
Chemical and biological behaviors of 9-|3 D nbo- 
furanosx’lpurine. On the actixmtion of the one carbon 
unit for the biosjmthesis of punne nucleotides. 
The enzjmatic sjnthesis of inosinic acid de novo, 
Enzjmic control of purines by xanthine oxidase. 
The biological effects of 8 azapurines. Biochemical 
effects of 6 mercaptopurine, and The use of 6- 
mercatopurme m the treatment of leukemia Ref- 
erences are given after each paper and a subject 
index IS appended The book should be available 
to graduate students m the related scienees and 
should be of partieular interest to advanced xvorkers 
in chemistry and biology 


The Leukemias Etiology, Pathophysiology, and 
Treatment Edited by John \V Rbbuck, Frank 
H Bethell, and Raymond W Monto Aca- 
demic Press Inc , Nexv York, 1957 xii 711 pp 
15 X 23 cm Price $13 

This volume is a record of current knoxvledgc re- 
garding leukemic etiology, pathophj'siologic changes, 
leukocytic functions, and therapy of the leukemias 
It IS a compilation of the reports and discussions of 
the Henry Ford Hospital international symposium 
held March, 1956 The material covered is di- 
vided under the headings The Leukemic cell, its 
structure and antigenicity. Genetic and environ- 
mental factors m the transmission of leukemia, 
Radiation biology of leukocj tes, The leukemias and 
the malignant Ijmphomas, Leukocytic physiology, 
Metabolism of ammo and nucleic acids in the leu- 
kemias, further biochemical considerations in the 
leukemias. Nucleic acids as the target for cherao 
therapy Mechanisms of drug action and resistance 
Particularly interesting to the pharmacist is the 
final section dealing w ith the present status of nexx 
clinical agents and combinations m treatment of 
the leukemias References are given at the end 
of each paper Author and subject indexes add to 
the usefulness of the book as a valuable reference 
volume The style, format, type, and binding are 
excellent and the book should survive the frequent 
use it xvill probably be subjected to in many libraries 


The Adrenal Cortex By I Chester Jones 
Nexx York Cambridge University Press, 1957 x 
-1- 315 pp 14 5 X 22 cm Price $7 
This monograph gives a comprehensix e account of 
the anatomy and the functions of the adrenal cortex 
in the different biological species among the ver 
tebrates, xx ith special attention to the mammals and 
particularly to man In the 112 pages dexmted to 
the Eutheria (placental mammals), subjects covered 
are Gross anatomy, Histologj', Adrenal steroid 
liromones. Biosynthesis of cortical hormones. Control 
of adrenocortical secretion. Functions of the adrenal 
cortex. Relationship of the cortex to peripheial 
tissue. Adrenal-gonad relationships, and Natural 
abnormalities of function References are listed 
alphabetically according to the authors’ names, xx ith 
the title of the article and periodical, and a general 
index is appended The book should be of interest 
to teachers of zoology, histology, embryologjq and 
pharmacologv 
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Ketotlic Mannicli Bases and the Products of their 
Reduction and Bromination* 


By W. LEWIS NOBLESf and J. H. BURCKHALTER 


A group of ketonic bases, indicated as types I 
and II, were synthesized by means of the Man* 
nich reaction for pharmacological study. 
Certain of the type I Mannich bases were then 
•reduced by means of aluminum isopropoxide 
to nitrophenyl amino alcohols (type III) for 
use as side chains in future studies. Other 
type I bases were brominated to give ketonic 
nitrogen mustards for study against cancer. 
Except for appreciable in vitro antitubercu- 
lous activity of some of the Mannich bases, 
there were no noteworthy pharmacological 
results. 


would be employed as inter mediates in the syn- 
thesis of potential amebacides, as described in the 
next paper which appears in This Journal. 
Further, it was planned to obtain a group of 
ketonic nitrogen mustards of type IV as possible 
anticancer agents. 

OH 

NO:rs/==\ I 

^ CH— CHsCHjNRs 

’ III 


Tnterest has been expressed in the pharma- 
cological activity of various ketonic Mannich 
bases (1). Therefore, we wished to prepare a 
number of unavailable Mannich bases of types I 
and II and to submit them for;' pharmacological 
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CO— CHjCHjNR* 



•CH=CH— CO— CHaCHjNR* 
11 


testing. Another important planned phase of 
these studies involved the reduction of type I, 
where R' is nitro, to compounds of type III which 


* Received July 20, 1957, from the Laboratory of Pharma- 
ceutical Chemistry, University of Kansas School of Phar- 
macy, Lawrence, Kan 

Extracted from a portion of the Ph. D. thesis of W. Lewis 
Nobles, 1952 For the first paper extracted from this 
thesis, see This Journal, 42, 176(1953). 

t Fellow of the American Foundation of Pharmaceutical 
Education. Present address: School of Pharmacy, Univer- 
sity of Mississippi, University, Miss. 


Br 

R'-<^^>— CO— CH— CHjNR* 
IV 

The preparation of compounds of types I and 
II. which are listed in Tables I and II, respectively, 
was carried out by means of the Mannich reaction 
(2). It involved the interaction of formaldehyde 
or paraformaldehyde with the appropriate ketone 
and amine hydrochloride, illustrated as follows: 

CeHsCOCHs + CH^O + HNRj-HCI-^ 

CtHsCOCHsCHjNRj-HCl + H.O 

In general, the reactions proceeded smoothly 
and in good yields to give the expected product. 
The fact that excellent yields are seldom ob- 
tained in the Mannich reaction involving ketones 
is understandable when it is noted that there is 
more than one replaceable hydrogen in the ketone 
ordinarily employed, which leads to by-product 
formation. Also, inconsistent results in our 
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BrUish National Formulary (Standard Edition) 
Edited b^ the Joint Formularj Committee of the 
Bntish Medic'll Assoeiation and The Pharmaceuti- 
cal Societi of Great Britain The Pharmaceutical 
Press, London, 1957 226 pp 10 5 \ 16 5 cm 

Price 65 6d , Interleai ed copies lOr 
This formular> for presenbers m hospital and 
general practice is intended also to be useful to 
pharmacists m Great Britain, particularly as these 
practices and practitioners are related to the British 
National Health Sen ice Houeier, the Joint 
Formularj Committee notes "that a doctor is free 
to prescribe ivhat he considers to be in the best 
interests of his patient, whether or not the prepara- 
tion appears in the British National Formulary ” 

The re\ ision of The National Formulary 1955, 
11 Inch iiasrei leiied in This Journal, 44, 319(1955), 
Has made iiithout appreciable change m style or 
format Siatj sin preparations were dropped and 
101 neii preparations have been added The 
Committee noted receipt of "eiidence of some con- 
fusion betiieen the ten j ear old National Formulary 
and a contemporarj' (69 j ear old) National Formu- 
lari, USA iihicli is a book of standards,” and 
agreed to change the title to Bntish National 
Formularj This was very sporting and should 
resoUe anj confusion between the tiio compendia 
that are so useful m their respectii e fields 

The Committee is to be congratulated for con- 
tinuing to produce a concise compilation of much 
basic and useful information for the practitioners 
of medicine and pharmacy 

The British National Formularj, 1957, (Alterna- 
ti\e Edition) is similar m many respects to the 
Standard Edition iiitli the following cNceptions 
the paragraphs on ‘ Notes for Prescriber are omitted 
from the front editions but are integrated with 
the information in the formulary section and the 
formularj section, which occupies most of the pages 
in both sections, is arranged in the Alternative Edi 
tion according to a pharmacological classification 
The Standard Edition "formularj' section” is ar- 
ranged according to a classification by pharmaceu- 
tical dosage forms The price of the Alternative 
Edition IS 7s Gd, interleav ed copies, 10 Gd 245 pp 
10 5 X 16 5 cm 

The Chemistry and Biology of Purines Ciba 
Foundation Symposium Edited bj G E \V 
WoLSTBNHOLME and Cecilia M O’Connor 
Little, Brown and Company, Boston, 1957 
Ml -f 327 pp 13 5 N 20 5 cm Price S9 
This compilation of papers and discussions in- 
cludes the follow ing reports Sj nthesis and proper- 
ties of purines of potential biological interest. Some 
svnthetic studies on purines and related hetero- 
cjcles. Some new A'' methj Ipurines, The structure 
of the lit drONvpunnes in\ estigated bv O and 
A’tmcthj lation. The spectra and structure of the 
monohj droM punnes and other potentiallj tauto 
meric purines, the - electron properties of purine 
calculated bv the L C A O method. The degradation 
of uric acid bi water under pressure. The 8 position 
m punnes The chemical and biological transforma 
fion of punnes into ptendines, Cjc/onucleosidcs, 
Sterochemistrj of nucleoside sj nthesis, Sjnthetic 
chemical ini estigations related to the metabolism 
of punnes. The effects of potential antipurmes on a 
punne requinng strain of Escherichia coli. The 


chemistrj' of new punnes in the Bu series of vita- 
mins, Biological and microbiological activity of 
purine analogues of vitamin B^, Puromycin, 
Chemical and biological behaviors of 9 /3 u ribo- 
furanosjdpurine. On the actii ation of the one carbon 
unit for the biosjmthesis of purine nucleotides. 
The enzymatic synthesis of inosmic acid de novo, 
Enzjmiic control of purines by Nanthme oxidase. 
The biological effects of 8-azapurmes, Biochemical 
effects of 6 mercaptopunne, and The use of 6- 
mercatopurme m the treatment of leukemia Ref- 
erences are given after each paper and a subject 
index IS appended The book should be available 
to graduate students m the related sciences and 
should be of particular interest to advanced workers 
m chemistry and biology 


The Leukemias Etiology, Pathophysiology, and 
Treatment Edited by John W Rebuck, Frank 
H Bethbll, and Raymond W Monto Aca- 
demic Press Inc , New York, 1957 xii 4-711 pp 
15 X 23 cm Price S13 

This volume is a record of current knowledge re- 
garding leukemic etiology, pathophysiologic changes, 
leukocytic functions, and therapy of the leukemias 
It is a compilation of the reports and discussions of 
the Henry Ford Hospital international symposium 
held March, 1956 The material covered is di- 
vided under the headings The Leukemic cell, its 
structure and antigenicity, Genetic and environ- 
mental factors in the transmission of leukemia, 
Radiation biology of leukocj'tes, The leukemias and 
the malignant lymphomas^ Leukocytic physiology, 
Metabolism of ammo and nucleic acids in the leu 
kemias, further biochemical considerations in the 
leukemias, Nucleic acids as the target for chemo- 
therapy Mechanisms of drug action and resistance 
Particularly interesting to the pharmacist is the 
final section dealing with the present status of new 
clinical agents and combinations in treatment of 
the leukemias References are given at the end 
of each paper Author and subject indexes add to 
the usefulness of the book as a valuable reference 
volume The style, format, tvpe, and binding are 
excellent and the book should survive the frequent 
use it will probably be subjected to m many libraries 


The Adrenal Cortex By I Chester Jones 
New York Cambridge University Press, 1957 x 
-t-315pp 14 5 x22 cm Price S7 

This monograph gives a comprehensii e account of 
the anatomy and the functions of the adrenal cortex 
in the different biological species among the ver 
tebrates, w ith special attention to the mammals and 
particularly to man In the 112 pages devoted to 
the Eutheria (placental mammals), subjects covered 
are Gross anatomy. Histology, Adrenal steroid 
liromones. Biosynthesis of cortical hormones. Control 
of adrenocortical secretion. Functions of the adrenal 
cortex. Relationship of the cortex to penphcial 
tissue. Adrenal gonad relationships, and Natural 
abnormalities of function References are listed 
alphabetically according to the authors’ names, with 
the title of the article and periodical, and a general 
index IS appended The book should be of interest 
to teachers of zoology, histology, embryologv, and 
pharmacology 
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Ketonic Mannich Bases and the Products of their 
Reduction and Bromination* 


By \V. LEWIS NOBLESf and J. H. BURCKHALTER 


A group of ketonic bases, indicated as types I 
and II, were synthesized by means of the Man- 
nich reaaion for pharmacological study. 
Certain of the type I Mannich bases were then 
•reduced by means of aluminum isopropoxide 
to nitrojjhenyl amino alcohols (type III) for 
use as side chains in future studies. Other 
type I bases were brominated to give ketonic 
nitrogen mustards for study against cancer. 
Except for appreciable in vitro antitubercu- 
lous activity of some of the Mannich bases, 
there were no noteworthy pharmacological 
'■ results. 


would be employed as inter mediates in the syn- 
thesis of potential amebacides, as described in the 
next paper which appears in This Journal. 
Further, it was planned to obtain a group of 
ketonic nitrogen mustards of type IV as possible 
anticancer agents. 

OH 

NO-n/ I 

^ ^-CH— CH-CHoNRj 

HI 


Tnterest has been expressed in the pharma- 
cological activity of various ketonic Mannich 
bases (1). Therefore, we wished to prepare a 
number of unavailable Mannich bases of types I 
and II and to submit them for,'' pharmacological 


R‘ 




-CO— CH2CH0NR- 
I 

^^CH=CH— CO— CHjCHjNR. 
II 


R' 


Br 

I 

-CO— CH— CH2KR2 
IV 


The preparation of compounds of types I and 
II. which are listed in Tables I and II, respectively, 
was carried out by means of the Mannich reaction 
(2). It involved the interaction of formaldehyde 
or paraformaldehyde with the appropriate ketone 
and amine hydrochloride, illustrated as follows : 

CeHsCOCHj + CH2O + HNRs-HCl^ 


^ testing. Another important planned phase of 
these studies involved the reduction of type I, 
ri! where R' is nitro, to compounds of type III which 


-j 

* t * Received July 20, 1957, from the Laboratory of Pharma- 

ceutical Chemistry, University of Kansas School of Phar- 
macy, Lawrence, Kan. 

. Extracted from a portion of the Ph. D. thesis of W. Lewis 

Nobles, 1952. For the first paper extracted from this 
pj ' thesis, see This Journal, 42, 176(1953). 

t Fellow of the American Foundation of Pharmaceutical 
Education. Present address: School of Pharmacy, Uciver- 
j-J sity of Mississippi, University, Miss. 


CsHsCOCHoCHzNRs-HCl + H2O 

In general, the reactions proceeded smoothly 
and in good yields to give the expected product. 
The fact that excellent yields are seldom ob- 
tained in the Mannich reaction involving ketones 
is understandable when it is noted that there is 
more than one replaceable hydrogen in the ketone 
ordinarily employed, which leads to by-product 
formation. Also, inconsistent results in our 
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CO— CH2CH2NR2 


ke 

an 

ra] 


N'o 

R' 

NR: 

Yield, 

% 

p., 

"C. 

Formula 

Ionic 

Calcd. 

Halogen 

Found 

tio 

the 

1 

1 

p-Chloro 

Dimethylamino 

71 

176 

CuHuClNO-HCl--'' 



2 

p-Chloro 

Diethj'lamino 

60 

145 

Ci,H,8C1NO-HCI“ 

12. 'k 

12!^ 

pei 

3 

p-Chloro 

1-Piperidyl 

56 

190 

ChHisCINO-HCP 

12.30 

12.37 

tyi 

4 

p-Bromo 

Dimethylamino 

52 

196 

CiiH„BrNO-HCU 



lie 

5 

p-Bromo 

Diethylamino 

40 

166 

CuHisBrNO-HBr 

21. 88 

22.'6i 

6 

p-Bromo 

1-Piperidyl 

42 

188 

CnHisBrNO-HBr 

21.19 

21 12 

the 

7 

p-Bromo 

1-Pyrrolidyl 

69 

199 

CijH.cBrNO-HCl 

11.13 

11.29 


8 

p-Methoxy 

Dimethj'lamino 

75 

181 

CiiHnNOj-HCl* 




9 

p-Methox}' 

1-Pyrrolidyl 

38 

184 

C„H,9N02-HC1 

13.14 

n.22 


10 

p-Methoxy 

Benzylamino 

29 

183 

CijHisNOj-HCF 


• . . 


11 

ni-Methoxy' 

Dimethylamino 

81 

168 

CisHnNOj-HCU 




12 

o-Hydroxy 

Dimethylamino 

33 

156 

CnHisNOj-HCl 

1543 

15. '55 


13 

«i-H 3 'droxy' 

Dimethylamino 

50 

180 

Ci.HisNOj-HCU 




14 

p-Hydroxj-*- 

Dimethjdamino 

56 

192 

CnHisNOj-HCW 




15 

p-Phenj'l' 

Dimethylamino 

69 

192 

CnHisNO-HCI 

12 .'24 

12. ‘39 


16 

p-Nitro" 

Dimethylamino 

72 

191 

CuHhNjOs-HCP 

13.71 

13.80 


17 

p-Nitro 

Diethjdamino 

66 

150 

C.aH.sN.Os-HCl'' 

12.36 

12.22 


18 

p-Nitro 

1-PyrrolidyI 

61 

185 

CisHieNiOj-HCP 

12.45 

12.60 


19 

p-Nitro 

1-Piperidyl 

51 

200 

Ci.HisN.OvHCP 




20 

p-Nitro 

Diprop 3 'lamino 

26 

140 

C.sHi^NjOs-HCl 

ii!k 

li!39 


21 

p-Nitro 

D iethanolamino 

19 

146 

CisHnNiOs-HCP 

11.12 

11.31 

a 

22 

p-Nitro 

4-Morpholinyl 

62 

218 

C„H,6N204-HC1'‘ 

11.79 

11.82 

6 

23 

Hi-Nitro" 

Dimethylamino 

72 

205 

C.iHnNjOs-HCl* 




24 

tii-Kitro 

Diethylamino 


122 

CisHisNiOrHCl' 




25 

H!-Nitro 

l-P 3 'rrolidyI 

63 

182 

CnHieNjOs-HCl 

12.45 

12 hi 


26 

m-Nitro 

1-PiperidyI 


180 

CuHisNjOj-HCl* 



— 


« Adamson, D W , and Bilhoghurst, J W J Chem Soc , 1950, 1039 
^ Dhont, J , and Wibaut, J P., R^e. trav ehim., (53, 81(1944). 

« Denton, J J ,et al , J. Am Chem. Soe , 71, 2048(1949). 
d Knott, E. B., J Chem 5oc., 1947, 1190 
« Mannich, C , and Larntnering. D., Ber , 55, 3510(1922) 

/ Prepared by John A. Durden, This Laboratory. Anal. Calcd C, 6C.7C; H, 6.59. Found: C, CC 74; H, 0 38 
® See ref. 5 
A See ref 5-c 

• Mannich, C , and Dannehl, M , Arch. Pharm , 276, 206(1938). 

} Intermediate m-methozyacetophenone made from Hilton-Davis m-hydroxyacetophenone, according to Auners, K. V.. 
tt al , Ann , 408, 212(1915) 

fc P-Hydroxyacetophenone obtained through the courtesy of Dow Chemical Co 
^ To effect the Mannich reaction, amyl alcohol was used as the solvent 
m p^Nitroacetophenone obtained through the courtesy of Monsanto Chemical Co 
n r«-Nitroacetophenone obtained through the courtesy of Carbide and Carbon Chemicals Corp. 


studies were sometimes encountered. For ex- 
ample, the first t-wo attempts to obtain compound 
15 (Table I) resulted only in the recovery of 
starting material. However, when the custom- 
arc' solvent alcohol was replaced by isoamyl alco- 
hol, uniformly good yields were obtained. The 
latter alcohol, having a higher reflux tempera- 
ture, presumably afforded the necessary elevation 
of temperature to effect reaction. Under the 
conditions emploj'ed, it was not possible to cause 
3,5-dinitroacetophenone or /i-nitro-a-acetamido- 
acetophenone, a chloramphenicol intermediate, 
to imdergo tire Mannich reaction, although the 
latter will easily hydroxcmethylate (3). 

The f>-nitro-fl-dialk}-laminopropiophenones of 
Table I are so unstable that they decompose 
readily in the presence of dilute alkali. How- 
ever, they can be prepared and stored for some 
time in the form of their hydrochloride salts. 
Tlie ready decomposition of ketonic Mannich 
bases into «,/3-unsaturated ketones and amines is 


men 

1 

well established, although they generally are not 
so unstable as the ones under discussion (4). 

A Mannich base from ^-nitroacetophenonc 

(Compound 16, Table I) apparently was first pre- 
pared in This Laboratory (6), and it was made as 
the parent compound of the corresponding 
vinylog referred to earlier (1). The m vitro 
fungicidal activity of the former was of suflreient 
interest to lead to the synthesis of several com- 
pounds listed in Table I. 

The availability of such compounds as p-n\l 
(3-dimethylaminopropiophenone (5) (Table 
suggested them as possible intermediates tb 
used as side chains in the synthesis of products c 
interest as amebacidal and antimalarial agent 
In This Laboratory attempts were made by We i 
Ling to reduce such compounds to the corre 

spending l-(p-aminophenyl)-3-dialkylaminopro-’'Jude 

panols or ketones (G). While the catalytic rc-/int 
duction of »i-nitro-j3-piperidylpropiophenone hy-»int 
drochloride to the corresponding w-aminophenyl 

^ Inti 
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ketone lias been reported (7), the melting point 
and solubility of the product were found to change 
rapidly upon standing (G). The logical explana- 
tion of the instabilit}' of the desired compounds is 
the formation of Schiff bases, and thus it ap- 
peared that a means must be found of reducing 
type I compounds to the stable nitro amino- 
alcohols (III), which later could be reduced fur- 
ther catalytically to the desired side-cliain amines 


It was evident that, owing to their instability, a 
successful reductim of the type of Mannich base 
in question (I) must be applied directly to the 
amine salt The Meerwein-Ponndorf-Verley 
method, emplojing aluminum isopropoxide, ap- 
peared to fulfill the requirements, for, in contrast 
to other reductions involving metals in acid or 
alkaline media or even certain catalytic hydro- 
genations, carbon-carbon double bonds, nitro 


Table II. — S-Dialkvlamino-1-fhenyl-1-penten-3-ones 


No 

1 

2 

3 

4 


Phenj 1 


=CH- 

Yield, 

-CO— CH 2 CH 2 NR, 

M P. 


Substituents 

NRi 

% 

®C 

Formula 

Calcd 

Found 

None" 

4-MorphoUnyl 

66 

178 

CisHijNOj-HCl 

12 58 

12 46 

None" 

1-PyrrolidyI 

42 

178 

CisH.sNO-HCI 

13 34 

13 51 

2,3-Diniethoxy*’ 

1-Pyrrolidyl 

65 

155 

CdHmNOj HCl 

10 88 

11 01 

/i-Nitro*' 

1-Pyrrolidyl 

57 

196 

CisHisNjOs HCl 

11 41 

11 53 


“ Mndc from Fastmnn benralacetone 
i> For intcrmcdnte kctouc, see ref 1 


Table III. — 3-Dialkylamino-1-phenvl-1-propanols 


OH 

I 

-CH— CHiCH.NRj 





Yield, 

M P, 


Chlorine 

No 

R. 

NRt 

% 

»c 

Formula 

Calcd 

Found 

1 

None 

Dimethylamino 

65 

134 

CnHnNO-HCI" 



2 

p-Nitro 

Dimethylamino 

65 

176 

CnH.eNjOrHCl'' 



3 

p-Nitro 

Dimethylamino 

54 

140 

CiaH-oN-Oj-HCl 

12 28 

12 41 

4 

p-Nitro 

l-Pj-rrolidyl 

61 

168 

CisHigNjO, HCl 

12 37 

12 52 

5 

p-Nitro 

l-Piperidyl 

55 

177 

Ci.HioNjOj-HCl 

11 78 

11 91 

6 

p-Nitro 

4-MorphoUnyl 

67 

185 

CisH.sNzO, HCl 

11 71 

11 66 

7 

iw-Nitro 

Dimethylamino 

42 

188 

C.iHisN-O, HCl 

13 59 

13 71 


“ Mannich, C , and Heilner, G , Ber., SS, 350(1922) made bj catalytic hydrogenation using palladium See also Experi- 
mental section of this report 

i Anal ■ Calcd C, SO 67, H, 6 57. Found- C, 50 89, H, 6 47 


Table IV. a-BROMO-/3-DIALKVLAMINOPROPIOPHENONES 



No 

R' 

NRj 

Yield, 

% 

1 

H 

1-Piperidyl 

85 

2 

H*’ 

4-Morpholinyl 

85 

3 

CP 

Dimethylamino 

78 

4 

CP 

1-Piperidyl 

82 

5 

Br' 

Diethylamino 

80 

6 

Br" 

1-Piperidyl 

81 

7 

OCH/ 

Dimethylamino 

86 

8 

OCHj* 

1-Piperidyl 

87 

9 

NO 2 ' 

1-Piperidyl 

84 


Br 

I 

CO— CH— CH-NR: 


M P, 
”C 

Formula 

Total ionic halided 
Calcd Found 

185 

181 

Ci 4 H„BrNO-HBr» 

C.jHieBrNOj-HBr 

42 16 

42 03 

191 

CnH„BrClNO HCP 

35 27 

35 39 

175 

C„H„BrClNO HBr 

38 84 

39 01 

150 

CisHirBriNO-HBr 

35 99 

35 87 

168 

C„Hi7Br2NO-HBr 

35 07 

34 86 

169 

C.zHisBrNOj-HBr 

43 54 

43 39 

145 

CisHzoBrNOs-HBr 

39 25 

39 30 

182 

CnH,7BrN20,-HBr 

37 87 

37 88 


“ Ref 10 

6 Intermediate Mannich base hydrobromide made from morpholine hydrobromide m 52% yield, m p 192® Not anal j zed 
c See Table I, compound 1, for intermediate Mannich base hydrochloride 
Note that the a bromo group reacts with silver nitrate m the analytical procedure, and that the analj sis of compound 3 
icludes both bromide and chloride ions ^ , j -d no t? , j oo -to 

* Intermediate Mannich base hydrobromide made in 50% yield, m p 205® Anal - Calcd Br, 24 02 Found 23 78 

/ Intermediate Mannich base hydrobromide, Table I, compound 5 

0 See Table I, compound 6 for intermediate. 

A Intermediate Mannich base hydrobromide made in yield, ra p 152 

» Intermediate Mannich base hydrobromide made in 75% yield by John A Durden, m p 223 

G76 Found C, 55.02 ; H, 6 59 ^ 

1 Intermediate Mannich base bydrobromide made in 50% yield, m p 189 . 


Alia Calcd C 54 88 
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groups and carboxylic esters are not reduced by 
this agent. This procedure had previously been 
applied by Lutz and associates (S) to IMannich 
bases derived from ^-haloacetophenones, as well 
as to a number of a-amino ketones, ^^^lile the 
reduction of tlie latter proceeded verj’ smoothly, 
in only one case was the amino alcohol obtained, 
and the yield was less than 10%. These poor 
results were attributed to reductive fission of the 
dialkylamino groups (S). In the early stages of 
our studies, tlie same results were noted, for, in 
each case as the temperature was elevated, the 
evolution of the low boiling dialkylamine was 
detected (9). Aleanwhile, the contents of the 
reaction vessel became dark and resinous. Ap- 
parently, as tlie amine was eliminated, poly- 
merization of the residual phenyl vinyl ketone 
occurred. 

The addition of aluminum chloride has been 
successfully employed by Lutz (8) to improve 
vields in the reduction of a-amino ketones by 
aluminum isopropoxide, although it apparently 
has not been used in the reduction of Mannich 
bases, which are 0-amino ketones. However, we 
found this procedure to work well when a half 
mole of aluminum chloride was used for each mole 
of Mannich base. The compounds prepared by 
this method are outlined in Table III and are de- 
rived from those of Table I. However, the 
general procedure is illustrated in the Experi- 
mental section by application to a type II com- 
pound, which is vinylogous with type I. 

A group of ketonic nitrogen mustard com- 
pounds of type IV (see Table IV) were synthe- 
sized by bromination of ketonic Mannich bases 
(type I) using the procedure of Land, Ziegler, and 
Sprague (10). 

Pharmacological Results.' — The compounds 
of Table I were screened generally for antibac- 
terial and antiamebic activitj'. Several, such as 
numbers 8, 10, and 22 showed interesting in vitro 
antituberculous activity but later in vivo tests in 
mice were negative. Others, such as 1,4, 8, 16, 
and 21 showed promise against histoplasmosis but 
again were inactive in vivo. Compound 1, Table 
II, showed in vitro antituberculous activity, but 
failed in mice. Also, its antiamebic and anal- 
getic activity were of too low an order to be of 
further interest. 

The products of Table III were utilized as 
chemical intermediates and were not tested phar- 
macologically, while the ketonic nitrogen mus- 
tards of Table I\’ were found by Dr. Chester C. 


* The authors wish to thank Parke, Davis and Company 
for arranging for the pharmacological testing. 


stock of Sloan-Kettering Institute to be devoid 
of anticancer activity. This lack of activity is 
not surprising in view of the fact tliat known anti- 
cancer agents contain two 0-haloethyl groupings, 
whereas ours have only one. Compound S did, 
however, show appreciable analgetic activitj- but 
was toxic to guinea pigs. 

It is of passing interest to point out that the 
compounds of Table IV are strongly stemuta- 
torvL Their structural relationship to phenacyl 
chloride, an a-halo ketone and a famous tear gas, 
is noteworthy. 

EXPERIMENTAL" 

/3-Dialkylaininopropiopheaones (Table I). — The 
procedure of Maxwell (11) was employed for the 
synthesis of the ketonic Mannich base hj'drochlo- 
rides of Table I. In general, 95% alcohol was used 
as the recrystallizing solvent, although compounds 1 
and 2 were recrj'Stallized from isopropyl alcohol 
while 3, 7, 9, 12, and 17 were purified bj' means of 
an alcohol-acetone mixture. 

Most of the intermediate ketones were Eastman 
chemicals, otherwise the source is indicated in the 
footnotes to Table I. 

2-(0-l-PyrrolidyIpropionyl)-thiophene Hydrochlo- 
ride. — By means of the foregoing procedure, this 
compound was prepared in 48% yield, m. p. 157- 
162'’. After reerystallization from aleohol-acetone, 
the m. p, became 169-170°. 

Anal. Calcd. for CuHisNOS-HCl; Cl, 14.43. 
Found: Cl, 14.60. 

2-(0'Benzylaniinopropionyl)'thiophene Hydro- 
chloride.’ — By means of the foregoing procedure, 
this compound was prepared in 25% yield, m. p. 
172-173°. After reerystallization from absolute 
alcohol, the m. p. became 174-175°. 

Anal. Calcd. for ChH.sNOS.HCI: C, 59.66; 
H, 5.72. Found: C, 59.36; H, 5.44. 

5-DialkyIamino-l-phenyl-I-penten-3-ones (Table 
11). — The compounds of this table were prepared by 
the procedure of Table I. The products, obtained 
as the hydrochlorides, were rccrystallized from an 
alcohol-acetone mixture. 

5-Dimethylamino-l-(p-nitrophenyl)-l-penten-3-ol 
Hydrochloride. — To a hot slurry of 20 Gm. (0.1 
mole) of aluminum isopropoxide and 3.3 Gm. (0.025 
mole) of anhydrous aluminum chloride in 175 ml. of 
dry isopropyl alcohol contained in a 500-ml. three- 
necked flask equipped with a mechanical stirrer and 
reflux condenser, there was added 14.3 Gm. (0.05 
mole) of 5-dimcthj'Iamino-l-(/)-nitrophenyI)-l-pen- 
tcn-3-one hydrochloride (1). The mixture was 
brought to full reflux and maintained at that 
temperature for fifteen minutes. Then, the up- 
right condenser was replaced by one turned down- 
ward for distillation, and stirring and removal of 
acetone continued until the distillate gave a nega- 
tive acetone test (about two hours). The upright 
condenser was reinserted and full reflux maintained 
for about ten minutes. Once again, the upright 
condenser was replaced b}’ one placed so as to allow 


* Melting points are uncorrected. 

* Prepared by John A. Durden of This Laboratory. 
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distillation to proceed and a few drops of distillate 
was collected. Since the acetone test was still nega- 
tive, it was concluded that reduction was complete. 
The residual isopropyl alcohol was removed in vacua. 
The solid residue was cooled and then treated with 
200 ml. of ice-cold 10% hydrochloric acid. This 
suspension was dissolved in about 375 ml. of water. 
With cooling and stirring, the aqueous solution was 
made strongly basic (pH about 12) with 40% potas- 
sium hydroxide. The basic solution was thoroughly 
extracted with ether, and the extract was washed 
with saturated sodium chloride solution and then 
dried with anhydrous sodium sulfate overnight. 
The ether extract was then filtered free of the drying 
agent and treated with anhydrous hydrogen chlo- 
ride. An orange oil was thus produced. On stand- 
ing for forty-eight hours in the refrigerator, this oil 
solidified. The solid was removed by filtration and 
washed with cold acetone; yield 10.4 Gm. (72%) of 
light yellow solid, m. p. 177-180°. After three 
recrystallizations from 95% ethyl alcohol-acetone, a 
sample melted at 180-181°. 

The starting amino ketone hydrochloride melted 
at 187°, and the melting point of a mixture of the 
above product and starting material was 165-176°. 

Anal. Calcd. for CijHisN-Oj.HCl: C, 54.45, H, 
6.68. Found: C, 54.42, H, 6.75. 

Generally, previous workers employing this 
general procedure have used a \hgreux column (12), 
a modified Widmer column (13), or Hahn condenser 
(14). However, in the present studies, ordinary 
ground glass equipment providing for ready inter- 
change of an upright condenser with one turned 
downward for distillation served admirably. 

3-Dialkylainiiio-l-phenyl-l-propanols (Table III). 
— These compounds, synthesized by means of the 
foregoing procedure, are listed in Table III. Iso- 
lated as the hydrochlorides, they were recrystallized 
from alcohol-acetone mixtures. In each case, 
admixtures of the product with starting material 
caused a depression in melting point, indicating that 
the reduction tvas successful. 

S-Dimethylamino-l-phenyl-l-propanol Hydro- 
chloride (Table HI, Compound 1). — This substance 
was synthesized through the foregoing method using 
aluminum isopropoxide and by Mannich and Heilner 
though catalytic hydrogenation, as indicated in 
Table I. The following sodium borohj’dride method 
has also been employed. It is based upon the 
general procedure of Chaikin and Brown (15). 

A solution of 1.85 Gm. (0.05 mole) of sodium 
borohydride in 100 ml. of 50% methyl alcohol, kept 
at 20°, was placed in a 300-ml. round-bottomed 
flask, equipped with a stirrer, reflux condenser, and 


dropping funnel. Meanwhile, 10.6 Gm. (0.05 mole) 
of ^-dimethylaminopropiophenone hydrochloride 
(Table III, footnote o) was dissolved in a minimum 
volume of water, and the solution made basic with 
cold 20% sodium hydroxide. Ether extraction of 
the free base, removal of the ether, and addition of 
75 ml. of methyl alcohol was followed by dropwise 
addition of the prepared solution to the ice-cooled 
sodium borohydride solution so as to maintain the 
temperature below 30°. After the addition was 
complete, the mixture was warmed to 45-50° in 
order to decompose the excess sodium borohydride. 
The Solvent was removed in vacuo and the residue 
made basic with 6 N sodium hydroxide and ex- 
tracted with ether. After drjdng over anhydrous 
sodium sulfate, hydrogen chloride gas was passed 
into the filtered ether solution to precipitate the 
amine hydrochloride. Yield 7.2 Gm. (67%), m. p. 
128-132°. After recrystallization from acetone, the 
compound melted at 133-134°. There was no 
depression of melting point upon admixture with 
samples from other preparative methods. 

a-Bromo-^-dialkylaminopropiophenones (Table 
TV), — The compounds of Table JV were prepared by 
the bromination of the appropriate ketonic Mannich 
base hydrobromides in glacial acetic acid, using the 
procedure of Land, Ziegler, and Sprague (10). In 
one case (compound 3) the hydrochloride was used. 
Compounds 1 and 3 were recrystallized from iso- 
propyl alcohol; alcohol was used for all others. 
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Antiamebic Agents IV.* Quinolines and Acridines 
with Amino-Hydroxyalkylanilino Side Chains t 

By W. LEWIS NOBLES, f VERLIN C. STEPHENS, § LING WEI," 
and J. H. BURCKHALTER 


Six quinolines and fise acridines containing 
side chains incorporating some of the struc- 
tural features of amodiaquin and SN-8,137 
were synthesized as potential antiamebic or 
antimalarial agents. The antiamebic activity 
of the compounds tested was insufficient to 
offer promise. Two possessed antimalarial 
acthity in chicks greater than quinine, but 
insufficient for further interest. 

' I 'he acridine antimalarial, quinacrine, and 
the quinoline antimalarials, chloroqufne and 
amodiaquin (Camoquin®), have shown activity 
against extra-intestinal amebiasis in hamsters 
and thus have been used for extra-intestinal ame- 
biasis (1) As a part of a search for compounds 
with improved antiamebic activity, it was 


malarial amodiaquin and the alcoholic hydroxyl 
as a favorable grouping in the antimalarial SN- 
8,137 (2), it appeared worth while to synthesize 
a number of agents (I- VI, inclusive) which w’ould 
incorporate these special features of amodiaquin 
and SN-8,137. 

Further, in view' of the amebacidal effect of quin- 
acrine, a few analogous acridines (VII, VIII, IX, 
and X) possessing the same side chains were also 
planned. Another one, indicated in the Experi- 
mental section as XI, differs from the other acri- 
dines in having a dimethylaminoalkanol chain 
attached meta to the benzene ring. 




II 1 Piperidyl 

III 2 Dimethylaraino 

IV 2 Diethylaraino 
V 2 Pj'rrolidyl 

VI 2 Piperidyl 




VII 1 Amino 
yill 1 Piperidyl 
IX 2 Diethylamino 
X 2 Pyrrolidyl 


decided to introduce certain chemical alterations 
into these antimalarial types 

Owing to the presence of the benzene ring as 
an integral part of the side chain of the anti- 


•For paper III see J H Burckhalter, r/ / Am Chem 
5oc .76,4902(1954) 

t Received Jul> 2G 1957, from the Laboratory of Pharma- 
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of Ling Wet 1950 
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The synthetic scheme used for compounds I, 
II. VII, and VIII follows : 


NOr 


— CO— CHjBr - 



XII 


— CO— CH2NR2 


OH 



XIII 


— CH— CH-NRj 


82 



February 195S 


Scientific Edition 


S3 


Starting material /)-nitroplienacyI bromide, was 
available, since it is required in one of the chemi- 
cal processes for chloramphenicol. The general 
procedure, adapted from the literature (3), con- 
sisted of mixing p-nitrophenacyl bromide with 
two equivalents of secondary amine in benzene 
or ether solution (4), allowing the mixture to 
stand for several hours, removing the precipi- 
tated by-product amine hydrobromide, drying 
the solution of the product over an inorganic 
drying agent, and finally precipitating the prod- 
uct (XII) as the hydrochloride. In practice, 
the by-product amine hydrobromide was obtained 
in nearly quantitative yield, but only a brown 
tarr}' product resulted. It was eventually found 
that the desired />-nitro-a-(l-piperidvl)-aceto- 
phenone could be prepared if the reaction were 
allowed to proceed for only a short while, and the 
hydrochloride were formed as quickly as possible 
to prevent degradation of the desired product. 
Also, a nitrogen atmosphere appeared to be favor- 
able. Under such circumstances, it is not sur- 
prising that the analytical data of the piperidyl 
and diethyl intermediates (Xlla and 6) were not 
entirely satisfactory. In the case of XII6, 
decomposition during recrystallization occurred 
even though it was in the form of the hydrochlo- 
ride; therefore, it was not employed for further 
synthesis. 

/)-Nitro-a-aminoacetophenone, the third inter- 
mediate of the type, has ahead}’’ been prepared 
by Long and Troutman (3). Its reduction and 
that of ;;>-nitro-a-(l-piperidylamino)-acetophe- 
none took place readily in very dilute hydrochloric 
acid to the diamines (XIII) by using platinum 
oxide catalyst and about three atmospheres of 
hydrogen. In the case of the piperidyl compound, 
it was necessary to keep the aqueous solution 
warm by means of a heat lamp to avoid the pre- 
cipitation of an intermediate product, which pre- 
vented further reduction. Isolation of the inter- 
mediate diamine hydrochlorides was not feasible 
because of apparent decomposition in the air, but 
isolation was actually unnecessary since, after 
removal of the catalyst by filtration, the solution 
possessed the proper pH for reactivity with either 
4,7-dichloroquinoline or 6,9-dichloro-2-methoxy- 
acridine. This procedure has been successfully 
employed before for the synthesis of amodiaquin 
type compounds (5). 

For the synthesis of the quinolines (III-VI in- 
clusive) and acridines (IX and XI), 3-dialky 1- 
amino-l-(nitrophenyl)-l-propanols (XIV), made 
available from previous studies (6), were reduced 
catalytically to the diamino alcohols (XV), which 
were allowed to react directly, as in the case of 


OH 



CH— CHjNR- 


XIV 


OH 



CH— CHjCHsNRj 


XV 


XIII, with either 4,7-dichloroquinoline or 6,9- 
dichloro-2-methoxy acri dine. 

Earlier, unsuccessful attempts to obtain quino- 
lines of the type III to VI were made through 
preparation of 4-(7-chloro-4-quinolylamino)-ace- 
tophenone (XVI), as well as the isomeric 3-sub- 
stituted acetophenone (XVII). Excellent yields 



XVI 

of XVI or XVII were obtained from a condensa- 
tion of 4,7-dichloroquinoline and p- or ni-amino- 
acetophenone in an acidic medium. However, 
these substituted ketones could not be made to 
undergo the Mannich reaction to give the amino 
ketones required for the synthesis of Type III- 
VI compounds. 

Pharmacological Results.' — Quinolines I, II, 
and VI were active m vitro against E. his- 
tolytica, but only at 1:500 dilution. Tested 
in rats as a possible intestinal amebacide, I 
was found to be slightly active but not promising. 
Against hepatic amebiasis in hamsters, I was 
less active than chloroquine. Acridines VII, 
VIH, IX, X, and XI showed in vitro activity at 
1:500 dilution, and in vivo in rats, the same com- 
pounds were described “as active but not promis- 
ing.” 

Quinoline I and acridines VII, IX, X, and 
XI had quinine equivalents (quinine = 1) of, 
respectively, 2.4, 0.45, 1.5, 0.8, and 0.3 against 
Plasmodium lophurae in chicks, but these activities 
were not considered to be of interest when com- 
pared with currently accepted antimalarial drugs. 

EXPERIMENT AL= 

f>-Nitro-a-( l-piperidyl)-acetophenone Hydro- 

chloride Monohydrate (XHa). — ^A solution of 34 
Gm. (0.4 mole) of piperidine in 75 ml. of absolute 
ether was added dropwise, with vigorous stirring 
and under a slow stream of nitrogen, over a period 


* The authors are grateful to Dr, Paul E. Thompson of the 
Parke, Davis & Co. Research Division for the pharmacological 
results. 

* Melting points are uncorrected. 



Antiamebic Agents IV.* Quinolines and Acridines 
with Amino-Hydroxyalkylanilino Side Chains t 
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Six quinolines and five acridines containing 
side chains incorporating some of the struc- 
tural features of amodiaquin and SN-8,137 
were synthesized as potential antiamebic or 
antimalarial agents. The antiamebic activity 
of the compounds tested was insufficient to 
offer promise. Two possessed antimalarial 
activity in chicks greater than quinine, but 
insufficient for further interest. 


' j 'he acridine ANTEiiALARiAL, quinacrine, and 
-*■ the quinoline antimalarials, chloro'quine and 
amodiaquin (Camoquin®), have shown activity 
against extra-intestinal amebiasis in hamsters 
and thus have been used for extra-intestinal ame- 
biasis (1). As a part of a search for compounds 
with improved antiamebic activity, it was 




I 

11 

III 

IV 
V 


Amino 

Piperidyl 

Dimethylaraino 

Diethylammo 

PjTTOlidyl 

Piperidyl 


decided to introduce certain chemical alterations 
into these antimalarial types. 

Owing to the presence of the benzene ring as 
an integral part of the side chain of the anti- 
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malarial amodiaquin and the alcoholic hydro.xyl 
as a favorable grouping in the antimalarial SN- 
8,137 (2), it appeared worth while to synthesize 
a number of agents (HVI, inclusive) which would 
incorporate these special features of amodiaquin 
and SN-8,137. 

Further, in view of the amebacidal effect of quin- 
acrine, a few analogous acridines (VII, VIII, IX, 
and X) possessing the same side chains were also 
planned. Another one, indicated in the Experi- 
mental section as XI, differs from the other acri- 
dines in having a dimethylaminoalkanol chain 
attached meta to the benzene ring. 


OH 



NH— CHi—CH— CHjNfCjHs). 


SN-8,137 



VII 1 Amino 
VIII 1 Piperidyl 
IX 2 Diethylamino 
X 2 Pyrrolidyl 


The symthetic scheme used for compounds I, 
II, VII, and VIII follows : 


NOr 


— CO— CH-Br • 



XII 


— CO— CH-NR, — 


XHj- 


OH 

I 

CH— CHjNRj 


XIII 
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Starting material /)-nitrophenacyl bromide, was 
available, since it is required in one of the chemi- 
cal processes for ehloramphenicol. The general 
procedure, adapted from the literature (3), con- 
sisted of mixing />-nitrophenacyl bromide with 
two equivalents of secondary amine in benzene 
or ether solution (4), allowing the mixture to 
stand for several hours, removing the precipi- 
tated by-product amine hydrobromide, drying 
the solution of the product over an inorganic 
drying agent, and finally precipitating the prod- 
uct (XII) as the hydrochloride. In practice, 
the by-product amine hydrobromide was obtained 
in nearly quantitative yield, but only a brown 
tariy product resulted. It was eventually found 
that the desired /)-nitro-a-(l-piperidyl)-aceto- 
phenone could be prepared if the reaction were 
allowed to proceed for only a short while, and the 
hydrochloride were formed as quickly as possible 
to prevent degradation of the desired product. 
Also, a nitrogen atmosphere appeared to be favor- 
able. Under such circumstances, it is not sur- 
prising that the analytical data of the piperidyl 
and diethyl intermediates (Xlla and b) were not 
entirely satisfactory. In the case of XII6, 
decomposition during recrystallization occurred 
even though it was in the form of the hydrochlo- 
ride; therefore, it was not employed for further 
synthesis. 

/)-Nitro-a-aminoacetophenone, the third inter- 
mediate of the type, has already been prepared 
by Long and Troutman (3). Its reduction and 
that of />-nitro-o:-(l-piperidylamino)-acetophe' 
none took place readily in ver}’ dilute hydrochloric 
acid to the diamines (XIII) by using platinum 
oxide catatyst and about three atmospheres of 
hydrogen. In the case of the piperidyl compound, 
it was necessary to keep the aqueous solution 
warm by means of a heat lamp to avoid the pre- 
cipitation of an intermediate product, which pre- 
vented further reduction. Isolation of the inter- 
mediate diamine hydrochlorides was not feasible 
because of apparent decomposition in the air, but 
isolation was actually unnecessary since, after 
removal of the catalyst by filtration, the solution 
possessed the proper pH for reactivity with either 
4,7'dichloroquinoline or G,9-dichloro-2-methoxy- 
acridine. This procedure has been successfully 
employed before for the synthesis of amodiaquin 
type compounds (5). 

For the synthesis of the quinolines (III-VI in- 
clusive) and acridines (IX and XI), 3-dialkyl- 
amino-l-(nitrophenyl)-l-propanols (XIV), made 
available from previous studies (6), were reduced 
cataljdically to the diamino alcohols (XV), which 
were allowed to react directly, as in the case of 


NO. 



OH 



CH— CHjCH.NR- 


XIII, with either 4,7-dichIoroquinoline or 6,9- 
dichloro-2-methoxyacridine. 

Earlier, unsuccessful attempts to obtain quino- 
lines of the type III to VI were made through 
preparation of 4-(7-chloro-4-quinolylamino)-ace- 
tophenone (XVI), as well as the isomeric 3-sub- 
stituted acetophenone (XVII). Excellent yields 



XVI 

of XVI or XVII were obtained from a condensa- 
tion of 4,7-dichloroquinoline and p- or m-amino- 
acetophenone in an acidic medium. However, 
these substituted ketones could not be made to 
undergo the Mannich reaction to give the amino 
ketones required for the synthesis of Type III- 
VI compounds. 

Pharmacological Results.’ — Quinolines I, II, 
and VI were active m vitro against E. his- 
tolytica, but only at 1:500 dilution. Tested 
in rats as a possible intestinal amebacide, I 
was found to be slightly active but not promising. 
Against hepatic amebiasis in hamsters, I was 
less active than chloroquine. Acridines VII, 
VIII, IX, X, and XI showed in vitro activity at 
1:500 dilution, and m vivo in rats, the same com- 
pounds were described “as active but not promis- 
ing.” 

Quinoline I and acridines VII, IX, X, and 
XI bad quinine equivalents (quinine = 1) of, 
respectively, 2.4, 0.45, 1.5, 0.8, and 0.3 against 
Plasmodiimi lophurae in chicks, but these activities 
were not considered to be of interest when com- 
pared with currently accepted antimalarial drugs. 

EXPERIMENTAL!! 

^-Nitro-a-( l-piperidyl)-acetophenone Hydro- 

chloride Monohydrate (XHa ). — K solution of 34 
Gm. (0.4 mole) of piperidine in 75 ml. of absolute 
ether was added dropwise, with vigorous stirring 
and under a slow stream of nitrogen, over a period 


1 The authors are grateful to Dr. Paul E. Thompson of the 
Parke, Davis & Co. Research Division for the pharmacological 
results, 

* Melting points are uncorrected. 
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of A half hour to a suspension of 4S S Gm. (0 2 mole) 
of />-nitrophcnac\ 1 bromide (3) in 400 ml of abso- 
lute ether Stirring uas continued for about five 
minutes after the addition vas complete, and by- 
product piperidine hydrochloride in nearly quan- 
titative amount was quickh' removed by filtration 
and washed with ether Dr>' Indrogen chloride 
in excess was immediately bubbled into the filtrate 
The precipitated product xxas collected on a funnel 
and washed well with acetone It was air dried to 
gn-e 51 Gm (S4% > leld) of crude material which 
melted at 100-166° decompn By rccrystallization 
from 200 ml of methanol. 39 Gm (65% j'leld) of 
product was obtained, m p. 177-181° decompn 
Furtlicr rccrystallization from methanol-acetone did 
not alter the melting point 

An attempt to anah’ze this compound for ionic 
chloride using silver nitrate resulted in the forma- 
tion of free silver 

.4;;fl/ Calcd for CnHieXjO, HCl H;0 C. 51 57; 
H. 6 32 Found C, 52 25. H. 6 60 

))-Nitro-a:-diethylaminoacetophenone Hydro- 
chloride Monohydrate (XII b). — By tlie foregoing 
procedure. 12 2 Gm (0 05 mole) of ^-nitrophenacyl 
bromide and 7 3 Gm (0 1 mole) of diethylamine 
ga\e 12 Gm of crude product, m p about 150° 
decompn It was recrystaUized with difficulty 
from a methanol acetone mixture and from isopropyl 
alcohol After four recr) stallizations. it melted 
at 105-107° decompn Decomposition appeared 
to occur readilj in hot solvents 

hwl Calcd for CuHicNjOi HCl HjO C.49 57, 
H, b 59 Found C. 50 01, H. 6 00 

Reduction to Diamines (Types XIII and XV) — A 
suspension of 12 Gm (0 056 mole) of p-nitro-a- 
ammoacetophenone hydrochloride (3) in a solution 
of 6 ml of hjdrochlor'c acid and 200 ml of water 
was warmed and then subjected to platinum oxide 
reduction in a Parr apparatus Within two hours 
the theoretical amount of hydrogen was usually 
absorbed The catalyst was then removed by filtra- 
tion, and the filtrate used directly in subsequent 
reactions 

Reduction of the pipcridj 1 analog (Xlla) was ear- 
ned out in the same fashion except that it was 
necessary to keep the suspension hot during the 
reduction bv means of a heat lamp, in order to pre- 
\ ent precipitation of an intcnnediate product 

T\ pe XI\' intermediates m the form of the hydro- 
chlorides (6) were suspended in alcohol and reduced 
catah ticallj using Adams’ catalyst to type XV 
diamines 

Compounds from Type XII Intermediates 

2 - Amino - l-Ip-(7 - Chloro - 4 - quinolylamino)- 
phenyl]-l-ethanol Dihydrochloride (I). — The filtrate 
from the reduction of p-nitro-«-aminoacctoplienonc, 
containing diamine (XIII) in acid solution, and 10 
Gin (0 05 mole) of 4.7-dichloroquinoline was heated 
on steam bath for thirty minutes, according to the 
general procedure of Burckhalter, el a! (5) After 
filtration, the solution was concentrated to a thick 
brown sirup It was then warmed briefly with ab- 
solute alcohol .ind the solution allowed to cool 
overnight to give a yellow product, 14 5 Gm 
(73% \ield), m p >300° It was recrystaUized 
from methanol 

A, ml: Calcd for C,-HnCIX30 2HCI‘/:H:0- 
C. 51 60, H, 4 S4 Found : C, 52 02, H. 5 06 


2-Ainmo-l- [p-( 6- chloro - 2 -methoxy- 9 - acryidyl- 
amino)-phenylj-l-ethanol Dihydrochloride (VII). — 
The filtrate from tlie reduction of 12 Gm of p- 
nitro-a-aminoacetophenone hydrochloride was 
heated with an alcohol suspension of 6,9-dicliloro-2- 
methoxyacridine, following the foregoing general 
procedure Howex'er, concentration of the filtrate 
was not necessary in giving 21 Gm. (80% yield) of 
bright orange-colored product, in p >300°. Re- 
crystallization from very dilute hydrochloric acid® 
y'lelded IS Gm (70%) of product 

Ami: Calcd for CooH-oClNjO. 2HCI SH-O: C, 
50 73, H, 5 42. Found: C, 50 35; H, 5 66 

2-1 '-Pip eridyl- l-[^-(7-chloro-4 - quinolylamino)- 
phenyl] -1-ethanol (11). — The filtrate from the re 
duction of 15 1 Gm (0 05 mole) of XII b was treated 
with 0 05 mole of 4,7-dichloroquinoline, as in the 
production of I. MTien no product precipitated 
from the reaction mixture, it was rendered basic with 
ammonia solution The resulting precipitate was 
collected, washed with water and then acetone to 
remove any’ unreacted dichloroquinoline Two re- 
cry'stallizatioiis of an impure product gave 8 Gm 
(42% y’ield) of white base (II), m p 191-192°. 

Ami : Calcd for C-.H-iCINsO’ C, 69 19; H, 6 33 
Found: C, 68 72; H, 6 74 

2- l'-Piperidyl-l-[/>-(6-chloro-2-methoxy-9-acri- 
dylainino)-phenyl]-l-ethanol Dihydrochloride(VIII) 
— The filtrate from the reduction of 14 2 Gm. (0 047 
mole) of XII5 was tieated with 0.05 mole of the 
chloro acridine, as in VII, to give 22 5 Gm (90% 
yield) of product, m p. 195-200° decompn Re- 
crystallization from 2% hydrochloric acid® gave 18 
Gm (72% yield) of bright red II, m. p 207-210° 
After two further recrystallizations, m p. was 210- 
213°. For analysis, a small sample ivas dried for 
three day’s over phosphorus pentoxide. 

Anal : Calcd for CjiHisClNsOj 2HC1’ Cl, 13 26, 
Found: Cl, 13 24 

Compounds from Type XIV Intermediates 

3 - Dimethylamino - l-[p-(7-chIoro-4 - quinolyl- 
ainino)-phenyl]-l-propanol (III). — Three grams 
(0 011 mole) of 3-dimetliy]amino-l-(/i-nitropheny'l)- 
propanol hy-drochloride (6) was suspended in abso- 
lute alcohol and reduced cataly’tically using Adams' 
catalyst The clear solution thus obtained was 
treated with a slight excess of alcoholic hydrogen 
chloride and tlien filtered to remove the cataly’St 
An equivalent amount, 2 2 Gm (0 011 mole), of 
4.7-dichloroqtiinoline w’as added to the filtrate and 
the resulting mixture was heated at reflux temper- 
ature for about tw’O hours, during which time a 
clear solution resulted The reaction mixture was 
made basic with 28% ammonium hydroxide and 4 
Gm (78% y’ield) of a light yellow solid precipitated, 
m p 207-212° decompn It was recry’stallizcd 
from dilute alcohol, m p 218-220° decompn 

Anal Calcd for C-oHsiClNjO: C, 67 49; H, 6 2.3 
Found: C, 08 07; H, 6 77. 

3- Diethylamino-l-[/)-(7-ch]oro-4-quinoIylamino)- 
phenyl]-l-propanol (IV). — Using the foregoing pro- 
cedure, the appropriate reactants (6) gave 58% of 
light yellow’ solid (IV), ra p 199-201° decompn 
(203-204 decompn. after recrystallization from 
dilute alcohol) 


* Rccrj’StalJjzation from water is possible but the prcbcnce 
of acid facilitates filtration and dr>jng 



February 1958 


Scientific Edition 


85 


Anal: Calcd. for C22H26CIN3O: C, 68.82; H. 6.83. 
Found: C, 68.20; H, 7.19. 

3-Diethylammo- 1- [/(-(6-chloro-2-inethoxy-9- 
acridylamino)-phenyl]-l-propanol Dihydrochloride 
Monohydrate (IX). — Using the procedure of III, 
except that the hydrochloride was isolated upon 
cooling the solution after reduction, the appropriate 
reactants (6) gave 69% yield of orange-colored IX, 
m. p. 192-195° decompn. (195-197° decompn. after 
recrystallization from alcohol-acetone). 

Anal Calcd. for C27H30CIN3O2.2HCI.H2O: C, 
58.43; H, 6.18. Found: C, 58.30; H, 6.48. 

3-l'-Pyrrolidyl-l-[^-(7-chloro-4-quinolylamino)- 
phenyl]-l-propanol Dihydrochloride Hydrate (V). — 
Using the procedure of HI, the appropriate reactants 
(6) gave 82% yield of crude free base of V, m. p. 
188-191° decompn. When recrystallization from 
dilute alcohol failed to yield an analytically pure 
sample, tlie compound was dissolved in dry ether. 
An ether-insoluble portion was removed by filtra- 
tion, and the hydrochloride was precipitated b3' 
passage of drj’' hj'drogen chloride into the solution. 
By dissolving in alcohol and reprecipitating through 
the addition of acetone, the flocculent precipitate 
was crystallized. Two recrj'stallizations from alco- 
hol-acetone gave white product V, m. p. 141-146° 
decompn. 

Anal: Calcd. for C22H.4CIN30.2HCI.2V2H20: 
C, 52.85; H, 6.26. Found: C, 52.52; H, 6.68. 

3- 1' -Pyrrolidyl- 1 - [ift-(6-chloro-2-methoxy-9- 
acridylamino)-phenyl]-l-propanol Dihydrochloride 

(X) . — Using the procedure of III except that the 
hydrochloride was isolated upon cooling the solu- 
tion after reduction, the appropriate reactants (6) 
gave 76% yield of orange-colored X, m. p. 190- 
193° decompn. Recrystallized from alcohol-ace- 
tone, it melted at 194-195° decompn. 

Anal: Calcd. for C27H.,C1N302.2HC1.1V2H20: 
C, 57.70; H, 6.01. Found: C, 57.60; H, 6.38. 

3-1 '-Piperidyl-1- [p- (7- chloro - 4 - quinolylamino)- 
phenyl]-l-propanol Dihydrochloride (VI). — Using 
the procedure of III and the appropriate inter- 
mediates (6), the product was obtained in the form 
of an amorphous mass which could not readily be 
crystallized. The material was dissolved in ether, 
the ether solution dried over potassium carbonate, 
and the hydrochloride made by passing dry hydro- 
gen chloride into the filtered ether solution. The 
yellow crystallizing precipitate VI was obtained in 
46% yield, m. p. 278-281° decompn. Recrystal- 
lized from alcohol-acetone, it melted at 283-284° 
decompn. 

Anal: Calcd. for C23H26C1N30-2HC1: C, 58.92; H, 
6.02. Found: C, 58.67; H, 6.12. 

3-Dimethylainino-l-[m-(6- chloro - 2 - methoxy- 9- 
acridylamino)-phenyl]-l-propanol Dihydrochloride 

(XI) . — ^Using the procedure of HI except that the 


hj'drochloride was isolated upon cooling tlie solu- 
tion after reduction, the appropriate reactants (6) 
gave 67% yield of orange-colored XI, m. p. 174- 
178° decompn. It was recrystallized from alcohol- 
acetone, m. p. 179-180° decompn. 

Anal: Calcd. for C;5H26ClN302.2HC1.2V-H-0: 
C, 54.30; H, 6.07. Found: C, 54.20; H, 6.00. 

4 - (7 - Chloro - 4 - quinolylainino(- acetophenone 
(XVI). — mixture of 13.5 Gm. (0.1 mole) of p- 
aminoacetophenone, 19.8 Gm. (0.1 mole) of 4,7- 
dichloroquinoline, 100 ml. of alcohol, and 0.5 ml. 
of concentrated hydrochloric acid was heated at 
reflux temperature for two hours. After cooling the 
reaction mixture, the bright 3'ellow product (XVI) 
hydrochloride was isolated in nearly quantitatWe 
yield, m. p. 272-273° deeompn. Recr3"Stallization 
from alcohol changed the melting point to 281-282° 
decompn. 

Anal: Calcd. for Ci7H,3ClN20.HCl: C, 61.23; 
H, 4.20. Found: C, 61.57; H, 4.12. 

A quantity of the h3^drochloride was treated 
while stirring with excess alcoholic ammonium hy- 
droxide solution to give the free base XVI. The 
product was collected and washed thoroughb' with 
distilled water until chloride ion was absent from the 
filtrate. Recrystallized from methyl alcohol, the 
3'ellowish XVI was obtained in 88% 3'ield, m. p. 
222°. 

Anal: Calcd. for CoHisClNO. VjHjO: C, 66.81; 
H, 4.62. Found: C, 66.50; H, 4.42. 

3 - (7 - Chloro - 4 - quinolylamino) - acetophenone 
(XVn). — ^Employing ?«-aminoacetophenone in place 
of its para-isomer in the foregoing procedure, a 90% 
3deld of yellow (XVII) h3’drochloride was obtained, 
m. p. 301° decompn. 

Anal: Calcd. for CnHijClNjO.HCl: Cl(ionic), 
10.65. Found: Cl, 10 52. 

The hydrochloride was converted to the 3'ellowish 
free base XVII, as with XVI in 93% yield, m.p. 
190°. 

Anal: Calcd. for CkHuCIN-O: C, 68.79; H,4.42. 
Found: C, 68.41 ;H, 4.40. 
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Attempted Synthesis of a Vinylog 
of Chloramphenicor 

By \V. LEWIS NOBLESf and J. H. BURCKHALTER 

Applying essentially the synthetic procedures of Long and Troutman, which led to 
chloramphenicol, we have attempted to synthesize a vinylog of the antibiotic in order 
to study the application of the theory' of vinylogy to pharmacological results. How- 
ever, failure to achieve the desired synthesis has suggested that even chemically the 
theory does not hold entirely, especially in regard to an apparently high specificity 
of structure which allows monohydroxymethylation in certain chloramphenicol 
intermediates and not in their vinylogs. 


Tt is well KN’OtvN tliat the chemical reactivity 
of a compound and its vinylog may be similar 
( 1) . In further study of the theory that a vinylog 
may possess pharmacological action similar to 
the parent drug (2), we proposed to attempt the 
synthesis of a vinylog (I) of chloramphenicol, a 
structure differing from the antibiotic only by a 
vinyl grouping. Although the synthesis of I 
was not achieved, we wish to report the results 
which were obtained. 


OH 

NO: CH— CH— CH;OH 

XH— COCHCh 
Chloramphenicol 

OH 


NO: - 


-CH=CH— CH— CH— CHjOH 

I 

NH— COCHCl 
I 


The synthetic scheme ivas patterned after the 
approach of Long and Troutman to chloro- 
amphenicol (3). The early styryl intermediates 
had been made over fifty years ago by Sir Robert 
Robinson for an entirely different purpose (4). 
The latter prepared o.ximinomethyl styryl ketone 
(II) from benzalacetone and isoamylnitrile, and 
then reduced it with stannous chloride and hydro- 



— CH=CH— CO 


CH=X— OH 


II 



chloric acid to the stannichloride complex (III). 
However, it was found that the previously de- 
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veloped procedures, while satisfactory for small 
quantities of reactants, were imsuited for larger 
amounts. For example, in the preparation of II, 
a temperature as low as 20° was necessary, yet 
near that temperature benzalacetone crystallized 
from solution. But, if the solution of benzalace- 
tone in Skelly B was prepared by melting tlie 
ketone and adding it to the solvent on the night 
prior to the morning during which the reaction 
was carried out, the solution would cool slowly 
to room temperature (16-20°) without depositing 
crystals of benzalacetone. Further, in contrast 
with tile original W’ork involving smaller quanti- 
ties (4), in order to prevent decomposition of II, 
it was important to keep the mixture cooled ivith 
stirring for two hours after all the reagent had 
been added, instead of allowing it to stand at 
room temperature. 

The stannous chloride reduction of oxime II 
to III, employing the original procedure (4), 
afforded difficulty. In our hands, direct addition 
of II to stannous cliloride in acid caused the 
evolution of considerable heat and resulted in the 
formation of large, dark lumps of solid which 
were difficult to purify. Upon the suggestion of 
Dr. S. H. Johnson, of This Laboratory, these 
difficulties were obviated by adding the oxime as 
an alcoholic solution. 

Acetylation of the tin complex salt (III) in 
acetic acid using sodium acetate as a buffer, as 
prescribed for its benzoylation (4), and employ- 
ing acetic anhydride or acetyl chloride or mixtures 
of the tivo, gave only small amounts of IV. 
However, the procedure of Long and Troutman 
(3) using sodium hydroxide and acetic anhydride 



— CH=CH— CO— CH 2 NHCOCH, 


IV, R = H 
R = NO- 


resulted in consistently good yields of 1-accta- 
mido-4-phenyl-3-butcn-2-one (IV). This com- 
pound was then nitrated to give a 50% yield of V. 
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Unlike the nitration of benzalacetone (2), only 
the para-isomer was isolated. 

Attempts to hydroxymethylate V resulted only 
in the recovery of starling material. This might 
be attributed to the lack of solubility of V in 
solvents customarily used in the reaction. WHiile 
Y is soluble in boiling alcohol, Long and Trout- 
man (3) have indicated that the temperature 
should be kept between 35 and 40° for similar 
hydroxjunethylations. 

In view of tlie failure to hydroxj'metliylate V, 
attempts were made to introduce the grouping 
into IV which lacks the nitro group and which is 
more soluble in the required solvents. It was 
tliought that tlie diacetyl derivative could then be 
para-nitrated in a step toward obtaining I. 
However, no less than thirt}' unsuccessful at- 
tempts were made to monohydroxjmiethylate 
IV. The use of sodium or potassium carbonate 
as catalyst at room temperature led to no reac- 
tion. Wien the temperature was raised to 50- 
60°, the bis-methane stmcture was apparently 
formed. The product of the reaction using 
sodium bicarbonate at 35—10° was apparently the 
substance containing two hydroxymethyl groups. 
The use of one, two, or four equivalents of form- 
aldehyde still gave the same compound. 
Other workers,notably Pain and Slack (5) and 
Hays and associates (6), have commented upon 
the difficulty of attaining such monomethylol 
derivatives. The latter ivorkers concluded that 
the reaction will not as a general rule yield them. 
Our results are in accord with this conclusion. 

Still another approadi, patterned after the 
studies of Long and Troutman (7), was followed. 
IV and V were hydrolyzed in dilute hydrochloric 
acid to the corresponding amine hydrochlorides. 
The yields were neither good nor consistent, and 
considerable decomposition occurred. Never- 
theless, these salts, designated as VI and VII in 
the Experimental section, were treated with di- 
chloroacetyl chloride in the presence of triethyl- 
amine to yield VIII and IX. Though a satis- 

R— CH=CH— CO— CH3NHCOCHCI; 

vm, R = H 
IX, R = NOj 

factory elementary analysis of IX was not ob- 
tained, infrared studies of the compound con- 
ducted by Mr. Bruce Scott and Dr. George 
Moersch, of Parke, Davis & Co., Research Divi- 
sion, indicated the structure to be correct. The 
analytical data suggest that the starting material 
dichloroacetyl chloride was contaminated with 
monochloroacetyl chloride. 

Finally, an attempt was made to monohydroxy- 


methylate VIII. Here, unlike the previous 
experiments, the desired derivative (X) was ob- 
tained. But, in view of the poor jdelds obtained 
in the sequence of reactions, it was decided to 
discontinue the studies at tliis point. 

Since the desired vinylog of chloramphenicol 
was not obtained, conclusions based upon phar- 
macological activity are impossible to draw. 
However, in regard to chemical adherence to the 
theorj’’ of vinylogy, it is felt that there was a lack 
of complete conformity because of our failure to 
monohydroxjmethylate vinylogs IV and V, 
whereas the same conditions have been shown to 
give positive results with the parent compounds 
( 3 ). 

EXPERIMENTAL* 

Oximinomethyl Styryl Ketone (11). — Into a three- 
liter, three-necked flask equipped with a mechanical 
stirrer was placed 1.5 liters of Skelly Solve B. One 
hundred grams (0.69 mole) of benzalacetone was 
melted on the steam bath and dissolved therein. 
The flask was allowed to come slowly to room tem- 
perature, surrounded by a water bath. To this 
solution was then added 225 ml. of isoamyl nitrite 
(freshly prepared) and 40 ml. of concentrated hydro- 
chloric acid in alternate portions. The temperature 
was maintained near 20° by the addition of small 
amounts of ice to the surrounding water bath. 
After the addition was complete, the flask W'as sur- 
rounded by an ice-salt bath and stirring continued 
for another two hours. The solid thus obtained was 
removed by filtration and washed alternately with 
benzene and water until the washings were colorless. 
The weight of air-dried material was 82 Gm. (65% 
yield). The product was recrj’stallized from 
methyl alcohol-water to yield a solid that melted at 
143°. Robinson and Foulds (4) reported no melt- 
ing point for this compound. In regard to yield, 
they indicated only that it was “excellent.” Re- 
crystallization was not routinely emploj^ed, since 
experience indicated that the air-dried material was 
pure enough for the subsequent reaction. 

Aminomethyl Styryl Ketone Stannichloride (HI). 
— Oximino styryl methyl ketone (40 Gm., 0.23 mole) 
was dissolved in 95% ethyl alcohol. A solution of 
110 Gm. of stannous chloride in 300 ml. of concen- 
trated hydrochloric acid was prepared, cooled and 
placed in a one-liter, three-necked flask equipped 
with a mechanical stirrer. The flask was sur- 
rounded by an ice bath and the alcoholic solution of 
the oxime added slowly with stirring. Upon the 
completion of the addition, the ice bath was re- 
moved and the stirring continued for six hours. 
The solid was removed by filtration and washed 
thoroughly with alcoholic hydrogen chloride. A 
light tan solid was obtained upon air drying this 
material. Eighty-two grams (80% yield) of the tin 
complex ivas thus obtained. 

l-Acetamido-4-phenyl-3-buten-2-one (IV). — To a 
three-liter flask equipped ivith an efficient stirrer, a 
thermometer, and a dropping funnel, was added the 


^ Melting points are uncorrected. 
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tin complex “^It obtained from 35 Gm (0 2 mole) of 
OMinmometlni stirxl ketone and 250 ml of hot 
\\ ater The mixture was stirred until a clear solu- 
tion Mas produced The flask Mas then cooled to 
— 5° Tuenta fi\e grams of acetic anhadnde was 
added m one portion, and the resulting mixture 
stirred rapidh uhile a cold solution of 42 Gm of 
sodium Indrnxide in 100 ml of water was added at 
such a rate as to keep the temperature below 10“ 
When about 75 ml of the sodium hydroxide solution 
Ind been added and the mixTure was almost alka- 
line, 7 Gm of acetic anhjdnde was poured in 
Vddition of the hjdroxide was completed and 
stirring maintained for thirtj minutes at 0° 

The mixture was saturated with sodium chloride 
and extracted fix c times xvith 500 ml portions of 
cthx 1 acetate The combined extracts w ere w ashed 
with saturated sodium chloride solution, dned ox'er 
anhx drous sodium sulfate, and concentrated to 200 
ml b\ remox'al of soK ent To the hot concentrate 
was added ISO ml of Skelly B The mixture xxas 
cooled to 5° and filtered The jield was 34 Gm 
(Sl%), ni p 118-123° An analx’tical sample was 
obtained bj reerj stallization from water It 
melted at 127° 

Anal Calcd for C1-H.3NO2 C, 7190, H, 6 45 
Found C, 71 74, H, 6 36 

l-Acetanudo-4-(p-nitrophenyl)-3-buten-2-one 
(V).— To a 200 mi , three-necked flask, equipped 
with a mechanical stirrer and thermometer, was 
added 60 ml of sulfuric acid The flask was sur- 
rounded bj an acetone dry ice bath and the tem- 
perature lowered to —20° by the addition of pieces 
of drx ice To this was then slowly added 20 3 Gm 
(0 1 mole) of IV, care being taken to insure that the 
temperature did not rise above —10° during the 
addition W hen all the solid had been added and 
the temperature again lowered to —20°, a nitrating 
solution of 6 4 ml of concentrated nitnc acid (sp gr 
1 42) and 10 ml of concentrated sulfuric acid was 


Reactions of l-Acetamido-4-phenyl-3-buten-2- 
one (IV) with Formaldehyde. — The general proce- 
dure m all c.ases was to dissolxe or suspend the 
amide in mctlixl alcohol, ethxl alcohol or a mixture 
of the two, with or without the addition of a few 
drops of water, and then to add the appropriate 
quantitj of aqueous fornialdelij de (37%) or para 
formaldelix de A trace of the desired catalxst was 
then added and the suspension heated and stirred 
for xarjing periods Then the reaction mixtures 
were poured into ice water and the products col- 
lected and examined The amide was recovered 
unchanged after manj experiments, but the condi- 
tions tabulated led to either the formation of a com- 
pound A, postulated as having the two actwe 
meth} lene hj drogens replaced by — CH«OH groups 
or a compound B, beliex’ed to be of the bis-methane 
structure (See tabulation below ) 

For Compound A CcHs— CH=CH— CO— C- 

(NHC0CH3)(CH20H)2 

Anal Calcd for C12H17NO4 C, 63 86, H, 6 51 
Found C, 63 87, H, 6 61 
For Compound B [CeH.— CH=CH— CO— CH- 
(NHCOCH3) ]2— CHs 

Anal Calcd for C2SH26N2O1 'AH-O C, 70 23, 
H, 6 40 Found C, 70 25, H, 6 66 

l-Amino-4-phenyl-3-buten-2-one Hydrochlonde 
(VI). — Eight and one tenth grams (0 04 mole) of the 
corresponding acetamido derivative was heated for 
two hours on the steam bath xvith 100 ml of 5% 
hydrochlorie acid The solid dissolved shortly 
after the heating began The solution gradually be- 
came dark red in color and a dark oil formed on the 
bottom of the flask The mixture w'as cooled 
slowly to room temperature and then the hydrolj- 
sate was txxice extracted with ether to remove any 
neutral material The aqueous solution of the 
hydrochloride xxas then taken to dryness i» lacuo 
The solid thus obtained xxas filtered and xvashed xxltli 
acetone-ether, yield 3 Gm (39%) The crude 


Cataijst 

Sol\ ent 

Time, br 

Equix alents of 
Formaldehyde 

Product and Yield 

XaHCOj 

CHjOH— HOH 

2 

1 

A (40%) 

XaHCOj 

HOH 

2 

2 

A (75-85%) 

XaHCOj 

HOH 

2 

4 

A (75-85%) 

.Xa-COj 

CHjOH 

2 

2 

B (poor) 

XaHCOs 

CH3OH 

12 

2 (para- 

B (poor) 

K-COj 

C-HsOH 

4 

formal ) 

2 

Undetermined 


added dropwise The mixture in the flask became 
rather dark and xerx xiscous The mixture xxas 
stirred for fifteen minutes after the addition of the 
hst portion of acid, the cooling bath having been 
remox ed during this period of stirring The mixture 
was then poured into one liter of cracked ice and 
water, and stirred for two hours A xellow, rather 
pastx solid formed at first, but this soon became 
more granular in appearance The solid xxas re- 
mox ed bx filtration and washed xxith xxatcr to re- 
mox e the traces of acid present It was then allowed 
to air drx oxemight, xield 12 2 Gm (50%), m p 
146-155° .1. sample for analxsis was purified by 

repeated reerx stallization from ethxl acetate Skellx 
B The purified product is flufix in appearance and 
light xelloxx in color, m p 171° 

Iral Calcd for C,:H,:X;0< C, .58 05, H, 
4 87 Found C, 58 32, H, 5 01 


solid xxas dissolxed in an acetone isopropyd alcohol 
solution, treated with charcoal, filtered, and set 
aside in the refrigerator to cool White crystals, 
m p 184-189°, were obtained On further rc- 
cry stallization from acetone isopropx 1 alcohol, the 
melting point was raised to 193° 

Anal Calcd for C,oH„NO HCl Cl, 17 94 
Found Cl, 18 12 

l-Amino-4-(/>-nitrophenyl-3-buten-2-one Hydro- 
chlonde (VII) — Seven and five tenths grams (0 03 
mole) of l-acetamido-4 (/> nitropheny 1) 3 buten-2- 
onc (V) was heated xxith 125 ml of 6% liy'drochloric 
acid on the steam bath for tw o and onc-half hours 
Slow lx a red solution formed, but simultaneously a 
considerable amount of brown tar was deposited in 
the bottom of the flask The mixture xxas filtered 
xxhile XX arm and then set aside to cool A yellow 
solid, 3Gm (41%yield),m p 262-200° (dccompn ), 
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was thus obtained. This solid was then recrystal- 
lized from dilute ethyl alcohol to which a few drops 
of concentrated hydrochloric acid had been added. 
It melted at 276° (decompn.). The compound be- 
gins to darken and shrink in the region of 210-215°, 
but true melting does not occur until the higher 
temperature is reached. 

Anal. Calcd. for CioH.oNjOs-HCl; Cl. 14.61. 
Found: Cl, 14.74. 

1 - Dichloroacetamido - 4 -phenyl - 3 - buten- 2 - one 
(VIII). — Five and nine-tenths grams (0.03 mole) of 
VI and 5.1 Gm. (0.035 mole) of dichloroacetyl chlo- 
ride were mixed, together with 100 ml. of dry ben- 
zene, in a 300-ml. flask equipped with a reflux con- 
denser, mechanical stirrer, and dropping funnel. 
The mixture was cooled and stirred while 6.67 Gm. 
(0.67 mole) of triethylamine was added over a 
period of fifteen minutes. Toward the end of the 
addition of the amine, the mixture thickened and the 
cooling bath was removed. Stirring was continued 
for another hour. The mixture was then heated to 
reflux and filtered while hot. As the filtrate cooled a 
quantity of solid product separated and this was re- 
moved bj^ filtration. The filtrate was then evapo- 
rated to dryness by passing a current of air over it. 
The residue thus obtained was washed first with 
Skellj' B and then with water. This residue was 
then combined with the solid previously obtained 
by filtration and both were recrystallized from alco- 
hol-water; yield 3.8 Gm. (47%), m. p. 128-131°. 
An analytical sample was obtained by two addi- 
tional recrystallizations from benzene; m. p. 133- 
134°. 

Anal. Calcd. for CuHnCbNOj: C, 52.96; H. 
4.07. Found: C, 53.23; H, 4.13. 

l-Dichloroacetaiiudo-4-(/'-nitrophenyl) - 3 - buten- 
2-one (IX). — Seven and one-half grams (0.03 mole) 
of VII and 5.1 Gm. (0.035 mole) of dichloroacetyl 
chloride w'ere mixed together with 160 ml. of dry 
benzene in a 300-ml. flask equipped with a mechan- 
ical stirrer, dropping funnel, and reflux condenser. 
The mixture was surrounded by an ice bath and 
cooled and stirred while 6.7 Gm. (0.065 mole) of tri- 
ethylamine was added over a period of twenty 
minutes. Stirring was continued for a total of two 
hours; the cooling bath having been removed to- 
ward the end of the addition of the triethylamine. 
The mixture was then heated to reflux and filtered 
hot. The filtrate was concentrated in vacuo. The 
residue was washed, first with Skelly B and then 
with water. It was dissolved in 95% ethyl alcohol 
by warming, treated with charcoal, and filtered 
while hot. The filtrate was made slightly turbid 
by the addition of a few drops of water. This was 
again filtered and set aside to cool. The 5'ellow 
solid which formed was removed by filtration ; yield 
3 Gm. (30%), ra. p. 178-182°. An analytical 
sample was prepared by repeated recrj'stallization 
from benzene. 

Three different samples were prepared by the 


above method and each was analj'zed. A tj-pical 
result is given. 

Afwl. Calcd. for CisHioCbN-Oj: C, 45.44; H, 
3.17; Cl, 22.36. Found: C. 46.35; H. 3.65; Cl, 
20.15. 

Table I. — Infrared Spectral Data on Com- 
pound IX 


Wavelength ranges, 
n, of Compounds 

Wavelength, ft, Absorption Contg. Similar 


Peaks (IX) Functional Groups^* 

N— H 3.01 2.88-3.00 

C=0, keto 5.91 5. 81-5 . 99 

C=0, amide 1“ ... 6 . 00 5.99-6.25 

C=C 6.18 6.02-6.11 

C6H5C=C 6.28 6.30-6 35 

Amide II» 6.45 6 . 39-6 67 

NitroP 6.64 6.23-6.56 

NitroIP 7.45 7.20-7.60 


“ One of two characteristic bands in this region. 

s As listed by H. M. Randall, et at., in “Infrared Deter- 
mination of Organic Substances," D. Van Nostrand Co., 
Inc., New York, 1949, p. 20. 

In addition to this information. Dr. Moersch of 
Parke, Davis and Co. stated that the ultraviolet 
examination of IX gives an absorption very similar 
to ^-nitrocinnamaldehyde, which would be expected 
for a structure of this type. 

2-Dichloroacetamido-l-hydroxy-5-phenyl-4-pen- 
ten-3-one (X). — ^A mi.xture of 1.35 Gm. (0.005 mole) 
of VIII, 10 ml. of 95% ethyl alcohol, and 1.75 ml. 
(ca. 0.025 mole) of 37% aqueous formaldehyde was 
placed in a 25-ml. round-bottomed flask equipped 
with a thermometer. The mixture was agitated bj' 
means of a magnetic stirrer. One-tenth gram of 
sodium bicarbonate was added and the mixture 
stirred and warmed to 35°. Soon a clear solution 
was formed. Stirring was continued for one and 
one-half hours, at the end of which time the solution 
was still clear. The solution was then poured into 
25 ml. of ice and water. A gummy solid soon began 
to separate. The flask was then refrigerated for 
forty-eight hours, during which time the gummy 
mass solidified. The solid was removed by filtration, 
yield 0.9 Gm. (64%). This was recrystallized from 
benzene to give a solid, m. p. 118-120°. On further 
recrystallization from benzene, the melting point 
was raised to 122°. 

Anal. Calcd. for CnH.aCbNOj: C, 51.67; H, 
4.34. Found: C, 51.96; H, 4.41. 
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Further Studies on /-Arterenol Tachyphylaxis in the 
Isolated Venus mercenaria Heart"^ 

By TSUNEO FUJITAf and DAVID E. MANN, JR.J 


A TACHYPin-LACTic response to a pliarma- 
cological agent is characterized b}- a dimin- 
ished response to successive doses of the same 
agent within a limited time interval. This 
phenomenon is inherent to a relatively small 
number of drugs, among which are renin (1), pos- 
terior pituitarj- extracts (2), atropine (3), and 
various sympathomimetic amines (4). Accord- 
ing to Brown (5), there is general agreement that 
tachyphylaxis does not occur to the pressor re- 
sponse evoked by /-arterenol. However, Pless 
and Mann (G) observed a tachyphylactic re- 
sponse in the isolated Venus mercenaria heart 
upon successive administrations of /-arterenol. 

These investigators noted that the inhibitor}’' 
response to /-arterenol was decreasingly inhibited 
upon the first two administrations, with no re- 
sponse to the third. ttTien a fresh heart was im- 


mersed in sea water in -which tachyphylaxis had 
been previously demonstrated, the heart failed 
to respond to the initial dose of /-arterenol. The 
tachyphylactic response was attributed to the 
presence of oxidation product(s) of /-arterenol 
since a pink discoloration of the sea water was 
noted coincident w’ith the onset of tachyphylaxis. 
They also noted that pretreatment with varying 
concentrations of ephedrine sulfate altered the 
response to /-arterenol, and with sufficiently high 
concentrations, the response to /-arterenol was 
completely blocked. 

Further investigation of the responses of the 
Venus heart to /-arterenol was undertaken to con- 
firm these observations. 

EXPERIMENTAL 

The soft parts of the clam were exposed dorsally 


Table I — Per Cent Inhibition of the Preinjection Amplitude of the Verms Heart After the 
.Vdmimstration of /-Arterenol Classified According to Type of Response 






















Detn 

i X 10-i 

2 

3 X 10-> 

4 X *0 * 

Detn. 

i X io-‘ 

2 X 10 “6 

3 X 10-> 

4 X 10-« 

1 

25 

24 

0 


1 

20 

10 

0 


2 

29 

18 

0 


2 

20 

16 

0 


3 

20 

17 

0 


3 

26 

47 

0 


4 

34 

24 

0 


4 

33 

32 

0 


5 

34 

70 

0 


5 

35 

30 

0 


6 

36 

91 

0 


6 

47 

50 

0 


7 

47 

31 

0 


7 

50 

37 

0 


s 

49 

29 

0 


8 

58 

15 

0 


9 

49 

45 

0 


9 

00 

29 

0 


10 

G1 

54 

0 


10 

72 

40 

0 


11 

G5 

36 

0 


11 

80 

58 

0 


12 

20 

12 

8 

6 

12 

53 

24 

26 

6 

13 

22 

44 

12 

0 

13 

62 

87 

24 


14 

22 

44 

14 

0 

14 

31 

21 

11 

6 

15 

38 

21 

2 

0 






IG 

50 

40 

38 

0 



—Type III- 



17 

54 

39 

23 

0 

1 

17 

15 

0 


18 

78 

24 

30 

0 

2 

50 

23 

0 


19 

29 

9 

14 


3 

24 

34 

40 

6 

20 

22 

24 

8 

. . 

4 

32 

22 

21 

0 

21 

19 

8 

8 

, , 

5 

20 

24 

11 


22 

G7 

17 

10 


6 

28 

20 

19 


23 

50 

44 

23 

20 

7 

20 

35 

7 

27 

24 

38 

30 

34 
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by first cracking the shell with a gentle hammer blow, 
severing the adductor muscles, and removing the 
umbo and hinge of the valves. By careful dissec- 
tion of the mantle and pericardium, the single 
median ventricle and one of the two laterally-dis- 
posed, thin-walled auricles were exposed. The 
auricle was severed after a tlireaded, size-zero 
fishhook was passed through the ventricle at the 
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auriciilo-ventricular junction. The dorsal ventricular 
wall was cut antero-posteriorly and then completely 
severed from the intestine which passes through the 
ventricle. After severing the remaining auricle, the 
heart was attached to a chamber containing 40 ml. 
of sea water at room temperature (24-30°) and 
aerated with air. The thread was attached to a 
heart lever and recordings were made on a slow, 
smoked-drum, Livingston kymograph. 

The figures tabulated in the tables represent the 
responses (in per cent inhibition) to f-arterenol which 
were determined by measuring the lowest amplitude 
within three minutes after each administration of 
/-arterenol, and comparing it with the amplitude 
recorded immediately preceding the administration 
of the drug. 

Bemonstration of Tachyphylaxis on the Isolated 
Venus Heart. — Three or four 0.4-ml. doses of l- 
arterenol (Levophed Bitartrate, 0.1% base. Win- 
throp Laboratories) were administered every six 
minutes to the bathing fluid without washing the 
heart, so that concentrations of 1 X 10“*, 2 X 10“*, 

3 X 10“*, and 4 X 10“* of /-arterenol (as the base) 
were successively attained. A lack of response to 
the third or fourth dose of /-arterenol (3 X 10“* or 

4 X 10"*) was indicative of tachyphylaxis. 

In 45 determinations, 24 and 10 hearts were un- 
responsive at concentrations of 3 X 10 “* and 4 X 
10”* respectively. The remaining 11 hearts either 
were not completely inhibited or were markedlj' de- 
pressed as indicated by a negative inotropic and 
chronotropic response (Table I). 

With the initial concentration of I X 10”* of 
/-arterenol, a transient inhibition of amplitude of 
contraction was noted. The duration of inhibition 
varied, but generally recovered within three minutes. 
A transient increase in frequency as well as an in- 
crease in tone were noted, botli of which were gen- 
erally diminished with subsequent doses. However, 
the magnitude of inhibition varied over a wide range 
with each animal. 

Responses to /-arterenol may be classified into 
three types, with the majority falling into the first 
two categories. After recovery from a transient 
inhibition, the amplitude returns essentially to 
normal in the first type (Fig. 1); the amplitude be- 
comes greater than normal in the second type 
(Fig. 2); the third type is characterized by the 
failure of the heart to recover from the initial in- 
hibition, and with the subsequent administration of 
/-arterenol, a greater degree of inhibition occurs. 

These variations in responses may be attributed 
in part to the variable size and freshness of the 
clams. 

The Effect of Pretreatment with Ephedrine Sul- 
fate on the Bemonstration of Tachyphylaxis. — 
After a normal recording was taken, varying quan- 
tities (0.13, 0.27, 0.40, and 0.50 milliliter) of 1% 
ephedrine sulfate were added to the bath to attain 
final concentrations (as the salt) of 3 X 10”*, 
7 X 10"*, 1 X 10“*, and 1.2 X 10“* respectively. 
After a four-minute interval, the heart was chal- 
lenged with three or four 0.4-ml. administrations of 
/-arterenol. 

In these pretreated hearts, the degree of inhibition 
after each administration of /-arterenol was dimin- 
ished when compared to the inhibition produced by 
/-arterenol alone. Tachyphylaxis was demon- 
strated upon the third or fourth dose of /-arterenol 
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Fig. 1. — Demonstration of tachyphylaxis on the 
isolated Venus mercenaria heart with /-arterenol. 
Type I. Legend: N — normal contraction; A — 
successive bath concentrations of /-arterenol as 
follows: 1 X 10“*, 2 X 10“*, 3 X 10“*; W— wash 
ivith fresh sea water. Time — in minutes. 
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Fig. 2. — /-Arterenol-elicited responses of the 
Venus heart pretreated with ephedrine sulfate (1.2 X 
lO”*). Legend; N — normal contraction; A — suc- 
cessive bath concentrations of /-arterenol: 1 X 
10“«, 2 X 10”*, 3 X 10“*, 1 X 10“,* and 2 X 10”*; 
W — ^rvash with fresh sea water; .50 E — ephedrine 
sulfate concentration (1.2 X 10“*); Time — in 
minutes. 



Fig. 3. — /-Arterenol responses of the isolated 
Vemis heart bathed in previously oxidized sea water. 
Legend: N — normal contraction; C — change to 
previously oxidized sea water; A — successive bath 
concentrations of /-Arterenol: 1 X 10“*, 2 X 10“*; 
W — ^ash with fresh sea water; Time — in minutes. 


in hearts pretreated with 3 X 10”* concentrations 
of ephedrine (5 determinations). The responses 
were varied in those pretreated with 7 X 10"* 
concentrations (9 determinations) and 1 X 10"* 
(16 determinations) concentrations of ephedrine 
sulfate, while with 1.2 X 10"* (8 determinations), 
the response to /-arterenol was completely blocked 
(Fig. 2, Table H). 

Although pretreatment with 3 X 10"* of ephedrine 
sulfate had no effect on the production of tachy- 
phylaxis, varied responses were noted in hearts 
pretreated with concentrations of 7 X 10"* and 1 X 
10“* respectively. In eight cases, the heart was 
refractory to 1 X 10"* of /-arterenol but responses 
occurred with higher concentrations; the heart was 
unresponsive to /-arterenol in five cases; tachy- 
phylaxis was demonstrated in seven cases. How- 
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ever, pretreatment vitli 1.2 X 10~* of ephedrine 
sulf.ite produced a complete blocking of response to 
f-arterenol. 


T.able II — /-Arterenol-Elicited Responses" of 
THE rcHi/r Heart Pretreated with I'arying 
Concentrations of Ephedrine Sulfate, 1 Per 
Cent 


N'o 

3 X 10-5 

Ephedrine, Then / Arterenol Conen 

Detn 

1 X 10-5 

2 X 10-5 

3 X 10-s 

4 X 10-i 

1 

12 

0 

0 


2 

15 

27 

0 


3 

17 

19 

0 


4 

IS 

2S 

11 

0 

o 

100 

17 

26 

0 

Xo 

7 X 10-5 

Ephedrine, Then I Arterenol Conen 

Detn 

1 X 10-* 

2 X I0-« 

3 X 10-5 

4 X 10-5 

1 

0 

0 

0 


2 

0 

20 

0 


3 

0 

36 

0 


4 

0 

9 

17 

0 

5 

12 

6 

0 


G 

16 

14 

0 


7 

35 

13 

0 


s 

G2 

16 

0 


9 

32 

23 

22 


Xo 

1 X 10-1 

Ephedrine, ‘ 
2 X 10-5 

Then /-Arterenol Conen 

Detn 

1 X 10-5 

3 X 10-5 

4 X 10-5 

1 

0 

0 

0 


2 

0 

0 

0 


3 

0 

0 

0 


4 

0 

0 

0 


5 

0 

10 

0 


6 

0 

23 

0 


7 

0 

10 

11 

ie 

s 

0 

27 

15 

12 

9 

0 

41 

63 


10 

9 

0 

0 


11 

29 

0 

0 


12 

23 

31 

0 


13 

3fl 

40 

0 


14 

53 

8 

0 


15 

14 

7 

7 


IG 

52 

32 

6 

12 

Xo 

1 2 X 10-^ 

• Ephednne, 
2 X 10-5 

Then /-Arterenol Conen 

Detn 

1 X 10-> 

3 X 10-5 

4 X 10-5 

1 

0 

0 

0 


2 

0 

0 

0 


3 

0 

0 

0 
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0 
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0 


5 

0 

0 

0 


G 

0 

0 

0 


7 

0 

0 

0 


s 

0 

7 

7 



** Per cent inhibition of the preadrainistration amplitude 
a/tcr /-artercnol 


The Effect of Previous Oxidation on the Demon- 
stration of Tachyphylaxis. — To determine the effect 
of previous oxidation of the bathing fluid on the 
demonstration of tachyphylaxis, a fresh heart was 
suspended in sea water in which tachyphylaxis had 
been previously demonstrated on a second heart. 
After recover}' from the inhibition caused by this 
change of bathing fluid, the Venus heart was chal- 
lenged with three 0.4-ml, administrations of /- 
artercnol. 

Of the 22 determinations recorded, no responses 
were observed with 1 X 10~‘ concentrations of /- 
artercnol in seven cases; in six cases, no response 
was observed with 2 X 10 of f-arterenol; in two 


cases, tach}'phylaxis was not demonstrated with 
3 X 10“* concentrations of 7-arterenol. In the re- 
maining cases, the heart either failed to recover 
from the inhibition which occurred consistently with 
the change in bathing fluid or failed to recover to a 
suflicient degree to carry out the remaining pro- 
cedures (Table III). 

The normal heart is immediately arrested in 
systole upon changing to the bathing fluid in which 
tachx’phylaxis had previously been demonstrated. 
During a variable time interval (averaging 7-9 
minutes), the heart gradually relaxed until the con- 
traction returned spontaneously, usually at a normal 
rate, and the amplitude progressively increased. 
When the contraction had attained a maximum, 
the heart became unresponsive to either the 1 X 
lO"* or 2 X 10“® concentration of f-arterenol 
(Fig. 3). 


Table III. — I-Arterenol Responses" of the 
Isolated Venus Heart Bathed in Previously 
O.nidized Sea Water 


No. 




1 X 10-5 

X 10-5 3 

X 10-*' 

Detn. 

1 

0 

0 

0 

2 

0 

0 

0 

3 

0 

0 


3 

0 

0 


4 

0 

0 


5 

0 

0 


6 

0 



7 

0 

. 


8 

7 

6 


9 

8 

0 


10 

9 

0 


11 

31 

0 


12 

31 

0 


13 

21 

0 

8 

14 

27 

9 

7 

15 

17 

36 

40 

16-22 

Insufficient recovery or no re- 


covery from inhibition. 



® Per cent inhibition of the preadministration amplitude 
following each 0 4 ml. dose of f-arterenol. 


DISCUSSION 

Throughout these experiments with f-arterenol, 
the pink discoloration referred to by Pless and Mann 
(0) was not observed, but by increasing the rate of 
aeration beyond the normal requirements, a pink 
discoloration w as noted. 

Although a discoloration was not observed in 
these experiments, the oxidation of f-arterenol must 
occur to some extent, due to the instability of f- 
arterenol in tlie presence of various chemical and 
physical factors which are present in this experi- 
mental procedure. However, since the inhibition 
caused by the change to the previously-oxidized 
solution resembles the response to a higher concen- 
tration of f-arterenol, this would indicate that tlie 
oxidation of f-arterenol had not occurred to any 
appreciable extent 

In speculation, regarding the basis for f-artercnol 
taclo-phylaxis, Welsh (7) postulated that 5-hydroxy- 
tryptamine may be the normal excitatory medutor 
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of the Venus heart for the responsiveness of the 
heart occurs to extremely low concentrations of this 
agent. Ergotoxine ethane sulfonate (8) is also 
stimulatory, while lysergic acid diethylamide (9) 
specifically blocks the action of 6-hydroxytrypta- 
mine. Since all of these compounds have an indole 
configuration in common, perhaps the i-arterenol 
may be oxidized to some indole or indole-like con- 
figuration at the receptor sites. The greater sensi- 
tivity of the postulated /-arterenol oxidation prod- 
uct(s) may overcome the inhibitory action of l- 
arterenol and with the subsequent addition of the 
latter, no further inhibitory response can be exerted; 
thereby eliciting tachyphylaxis. The oxidation 
product(s) could be formed in the bathing fluid, but 
in view of the prolonged inhibition of rhythm which 
occurs with the change of bathing fluid, this seems 
unlikely according to this postulation. 

SUMMARY 

Although great variations in the response to 
repeated administrations of /-arterenol have been 
observed, tachyphylaxis was demonstrated in the 


isolated Venus mercenaria heart. The response 
to /-arterenol was progressively altered by pre- 
treatment rvith increasing concentrations of ephe- 
drine sulfate, while sufficient!}^ high concentra- 
tions completely blocked the t}Tical /-arterenol 
response. The fresh heart was generally refrac- 
toiy to either 1 X 10“® or 2 X 10~® concentra- 
tions of /-arterenol when suspended in bathing 
fluid in which tachyphylaxis had been previously 
demonstrated. 
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Dextran Localization and Retention in Normal and 
X-Ray Irradiated Rabbits* 

By LAWRENCE E. DETRICK, HARVEY C. UPHAM, DOROTHY HIGHBY, 

and THOMAS J. HALEY 


Intravenous saline or dextran had no influence upon the effects produced by 500 r 
acute whole body x-irradiation in rabbits. The irradiation caused a post-irradiation 
shock-like syndrome in rabbits and minor histopathological changes in the liver. 
Neither saline nor dextran affected the fatal termination of the syndrome. In rabbits, 
500 r x-irradiation was not a noxious stress of sufficient magnitude to impair meta- 
'bolic or excretory functions of organs and alter dextran storage in tissues examined 
sixty days later. When examined sixty days post-irradiation, there was no signifi- 
cant difference in tissue storage or distribution of dextran between irradiated and 
nonirradiated animals. The intensity of dextran storage within rabbit organs was 
directly proportional to dosage and inversely proportional to the time after injec- 
tion in those organs examined prior to the sixty day sacrifice interval. Irradiation 
did not affect storage either qualitatively or quantitatively. 


PARENTERAL SOLUTION of the polysaccharide 
dextran has been under intensive investi- 
gation both clinically (1-3) and experimentally 
(4-6), because of its potentiality as a safe, 
effective, and readily available plasma volume 
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ogy and Toxicology and Section of Pathology, Atomic Energy 
Project, School of Medicine, University of California at Los 
Angeles. 

This article is based on work performed under Contract 
No. AT-04-1-GEN-12 between the Atomic Energy Com- 
mission and the University of California at Los Angeles. 
Presented in part at the meeting of The American Society for 
Pharmacology and Experimental Therapeutics, Chicago, 
Illinois, April 15-19, 1957. Federation Proc., 16, 292(1957). 


expander. Dextran has been recommended for 
the treatment of the mass casualties which might 
occur during a disaster (7). Information on the 
toxicity and tissue retention of intravenously 
injected dextran following acute wffiole body 
irradiation is lacking. Such information is 
necessary because any condition which damages 
the metabolic and excretory organs may lead to 
tissue storage of injected material (8). The 
present investigation has studied the toxicity, 
tissue distribution, and retention of intravenously 
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injected de.\tran' solution in nonnal and irradi- 
ated rabbits. 

PXPERIiMENTAL 

Female Dutch strain rabbits weighing 1.4 to 
1.0 Kg. were used after implanting an indwelling 
catheter Recording to the method of Detrick and 
Rhodes (9). Groups of eight animals each were 
used for the single injection series; and groups of 
12 animals each were used for the multiple injection 
series (sec Table I for details). Each injection. 


Table I. — Dextran Injection in Rabbits 


Group 

Post r 
Injection 

No. of 

Solution 

Amount of 
Dextran 

No 

Time 

Injections 

Injected 

ml. 

Gm. 

1 

1 hr. 

1 

Dextran 

75 

4.6 

2 

1 day 

1 

Dextran 

75 

4.5 

3 

3 da%’ 

1 

Dextran 

75 

4.5 

4 

7 day 

1 

Dextran 

75 

4.5 

5 

11 day 

1 

Dextran 

75 

4.6 

0 

1 hr. 

1 

Saline 

(0 

0 

7 

3 day 

1 

Saline 

iO 

0 

s 

0 

0 

Control 

0 

0 

9 

1 dav’’ 

1 

Dextran 

iO 

4.5 

1(1 

1 dav* 

1 

Saline 

75 

0 

11 

1 dav 

9 

Dextran 

75 

40.5 

12 

1 dav 

9 

Saline 

675 

0 

13 

1 dav* 

9 

De.xtran 

G75 

40.5 

14 

1 day* 

9 

Saline 

075 

0 

15 

0 

0 

Control 

0 

0 


® Groups 1-10 contained 8 animals each. Groups 11-15 
contained 12 animals each 
N’on irradiated controls. 


ation. These latter animals were subjected to a 
72-hr. food deprivation period prior to sacrifice to 
reduce body glycogen stores and thus reduce false 
positive staining reactions. Tissue specimens (Table 
II) were removed, fixed in neutral fonnalin, and 
stained with hematoxylin and cosin. Contiguous 
slices of the above speeimens were also fixed in cold 
absolute alcohol and serial tissue sections were 
differentially stained by the alcoholic periodic 
acid-aqueous Schifl’s method for dextran (4). Five 
hundred r acute whole body x-irradiation was ad- 
ministered to the animals from above and below 
with two 250 KVP Picker Industrial Units operating 
simultaneousljL Technical factors were: 250 KVP; 
FOD 55 cm.; filters — Cu 0.21 mm. inherent and 0,5 
mm. parabolic and 1 mm. Al; size of field — whole 
body; rate — 50.25 r/min. measured in air with a 
Victorcen Thimble r-meter. 

RESULTS 

General Effects of Infusion and Irradiation. — 
After sixty days, the saline control groups (Table I) 
showed no changes which could be attributed to the 
saline infusions. However, the nonirradiated ani- 
mals showed varying degrees of PAS staining which 
has been attributed to glycogen, basement mem- 
brane, mucin, colloid, and hyaline materials (1). 
Such naturally occurring materials were observed 
in all tissues examined and did not appear to in- 
crease following irradiation. The pre-sacrifice fast- 
ing of the animals appeared to decrease this stain- 
ing reaction, thus increasing the probability that the 
remaining material found in the tissues of the dextran 


Table II. — Intensity op Dextran Storage in Organs of Irradiated and Nonirradiated Rabbits" 


No of Dextran Singlet . Ninet 


Injections 


— - . ■ . 

-500 r — 


None 

500 r 


None 

Uadiation 




Sacri- 

Sacri- 


Sacri- 

Sacri- 

Surviat 

. 

Died— 


ficed 

ficed 

Died 

ficed 

ficed 

tn Days 

8 

to 

32 ' 

CO 

GO 

19 

00 

GO 

Liver 

4 

3 

2 

0-3 

1-2 

5 

4 

4 

Kidney 

4 

3 

1 

0-1 

0-1 

5 

3 

3-1 

Adrenal 

1 

1 

0 

0 

0-1 

5 

2-3 

3-4 

Spleen 

3 

1 

0 

0 

0 

5 

2-3 

3 

Lymph node 




0-1 

0 

4 

2-3 

2-3 

Bone marrow 

'4 

2 

1 

0-1 

0-1 

5 

3-4 

3 

Lung 

2 

2 

2 

0-1 

0 

4 

1 

1 

Pancreas 

3 

2 

2 

0-1 

0-1 

5 

1-3 ‘ 

1-3 

Small bowel 

1 

4 

1 

0-1 

0-1 

2 

0-1 

1 

Large bowel 




0-1 

0-1 

4 

1-2 

2 

Muscle 

2 

' 1 

1 

0 

0 

3 

1 

1 

Heart 

3 

3 

1 

1-2 

0-1 

4 

1 

2 

No. of animals 


10 


30 

8 

1 

11 

12 


° Intensity of dextran storage: I — minimal; 2 — .slight; 3 — moderate; -I — abundant; o — intensive. 

t Non-deitran injected groups omitted: Number of animals, single (S), multiple (XI). Irradiated saline S (10), M (12); 
Nonirradiated saline S (S), M (12); irradiated S (S) ; it (11), 


saline or dextran, was of a total volume of 75-ml. 
given at a rate of 25 ml. /hr. This clinical dextran 
contained 5-10% of material with average molecu- 
lar weights as high as 200,000 and as low as 25,000, 
with the balance having an average molecular weight 
of 70,000. Necropsies were performed on all 
animals that died during the course of the experi- 
ments and on the survivors sixty days post-irradi- 


* The authors wish to thank Dr. W’alter E. Ward of Cutter 
Laboratories for the clinical dcitran solutions (Lot ^5S293-B) 
used. 


treated animals was actually dextran. 

The 500 r whole body irradiation produced a 13% 
mortality in sixty days. Post-irradiation shock-like 
deaths (5-7 hours PR) ivere ushered in by a short 
period of restlessness, inactivity, fall in body tem- 
perature, lack of response to mild stimuli, and ter- 
minal convulsions. Intravenous injections of cither 
de.xtran or saline solution administered during the 
development of the shock-like syndrome in no way 
influenced the eventual fatal outcome. Pneumoni- 
tis, uncomplicated by dextran injections, was the 
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injected dc.\tr.Tn' solution in nonnal and irradi- 
ated rabbits. 

EXPERIMENTAL 

Fcrn.alc Diitcli strain rabbits weighing 1.4 to 
l.G Kg. were used after implanting an indwelling 
catheter according to the method of Detrick and 
Rhodes (P). Groups of eiglit animals each were 
used for the single injection scries; and groups of 
12 animals each were used for the multiple injection 
series (see Table I for details). Each injection. 


Table I. — De.xtra.n I.njectio.n i.n Rabdits 


Group 

Post r 
Injection 

Xo. of 

Solution 

Amount of 
Dextran 

No 

Tune 

Injections 

Injected 

ml. 

Gm. 

1 

1 hr. 

1 

Dextran 

75 

4.5 

o 

1 dav 

1 

Dextran 

75 

4.5 

3 

3 dav 

1 

Dextran 

75 

4.5 

4 

7 dav 

1 

Dextran 

75 

4.5 

5 

11 dav 

1 

Dextran 

75 

4.5 

0 

1 hr. 

1 

Saline 

75 

0 

7 

3 day 

1 

Saline 

75 

0 

s 

0 

0 

Control 

0 

0 

0 

1 dav*' 

1 

Dextran 

75 

4.5 

10 

1 dav* 

1 

Saline 

75 

0 

11 

1 dav 

9 

Dextran 

75 

40.5 

12 

1 dav 

9 

Saline 

075 

0 

13 

1 dav* 

9 

Dextran 

075 

40.5 

14 

1 dav* 

9 

Saline 

075 

0 

15 

0 

0 

Control 

0 

0 


® Groups 1-10 contained S animals each. Groups 11-15 
contained 12 animals each 
t N'on irradiated controls. 


ation. These latter animals were subjected to a 
72-hr. food deprivation period prior to sacrifice to 
reduce body glycogen stores and thus reduce false 
positive staining reactions. Tissue specimens (Table 
II) were removed, fixed in neutral fonnalin, and 
stained with hematoxylin and eosin. Contiguous 
slices of the above specimens were also fixed in cold 
absolute alcohol and serial tissue sections were 
differenti.ally stained by the alcoholic periodic 
acid-aqueous SchifT’s method for dextran (4). Five 
hundred r acute whole body x-irradiation was ad- 
ministered to the animals from above and below 
with two 250 KVP Picker Industrial Units operating 
simultaneously. Technical factors were: 250 KVP; 
FOD 55 cm.; filters — Cu 0.21 mm. inherent and 0.5 
mm. parabolic and 1 mm. Al; size of field — whole 
body; rate — 50.25 r/min. measured in air witli a 
Victorecn Thimble r-meter. 

RJESULTS 

General Effects of Infusion and Irradiation. — 
After sixty days, the saline control groups (Table I) 
showed no changes which could be attributed to the 
saline infusions. However, the nonirradiated ani- 
mals showed varying degrees of PAS staining which 
has been attributed to glycogen, basement mem- 
brane, mucin, colloid, and hyaline materials (1). 
Such naturally occurring materials were observed 
in all tissues examined and did not appear to in- 
crease following irradiation. The pre-sacrifice fast- 
ing of the animals appeared to decrease this stain- 
ing reaction, thus increasing the probability that the 
remaining material found in the tissues of the dextran 


Table II. — Intensity of Dextran Storage in Organs of Irradiated and Nonirradiated Rabbits'* 


No of Dextran . Single^- 


Injections 
Radiation 
Sur\T.il 
in Days 

/ - 


-oOO r ■ - ■■ ■ ■ 

Sacri- 

8 

13 

32' 

ficed 

CO 

Liver 

4 

3 

2 

0-3 

Kidney 

4 

3 

T 

0-1 

Adrenal 

1 

1 

0 

0 

Spleen 

3 

1 

0 

0 

Lymph node 




0-1 

Bone marrow 

4 

2 

1 

0-1 

Lung 

2 

2 

2 

0-1 

P.aricre.as 

3 

2 

2 

0-1 

Small bowel 

1 

4 

1 

0-1 

Large bowel 




0-1 

Muscle 

2 

' 1 

1 

0 

Heart 

3 

3 

1 

1-2 

No. of annuals 


10 


30 


None 


— Nine& — 

“500 r 


None 

Sacri- 


Sacri. 


Sacri* 

/iced 

Died 

ficed 


ficed 

CO 

19 

00 


GO 

1-2 

5 

4 


4 

0-1 

5 

3 


3-1 

0-1 

5 

2-3 


3-4 

0 

5 

2-3 


3 

0 

4 

2-3 


2-3 

0-1 

5 

3-4 


3 

0 

4 

1 


1 

0-1 

5 

1-3 


1-3 

0-1 

2 

0-1 


1 

0-1 

4 

1-2 


2 

0 

3 

1 


1 

0-1 

4 

1 


2 

s 

1 

11 


12 


“ Intensity of dextran storage: 1 — minimal; 2 — slight; 3 — moderate; 4 — abundant; o — intensive. 

6 Non-dextran injeeted groups omitted; Number of animals, single (S>, multiple (M). Irradiated saline S (10), M (12): 
Nonirradiated saline S (S), M (12) ; irradiated S (S); M (II). 


saline or dextran. was of a total volume of 75-ml. 
given at a rate of 25 ml. /hr. This clinical de.\tran 
contained 5- 10% of material with average molecu- 
lar weights as high as 200,000 and as low as 25,000, 
witli the balance having an average molecular weight 
of 70,000. Necropsies were performed on all 
animals that died during the course of the experi- 
ments and on the survivors sixty days post-irradi- 

t The authors xvish to thanl; Dr. Walter E. Ward of Cutter 
Laboratories for the clinical dextran solutions (Lot /jS223-B) 
used. 


treated animals was actually dextran. 

The 500 r whole body irradiation produced a 13% 
mortality in sixty days. Post-irradiation shock-like 
deaths (5-7 hours PR) were ushered in by a short 
period of restlessness, inactivitj', fall in body tem- 
perature. lack of response to mild stimuli, and ter- 
minal convulsions. Intravenous injections of either 
de.xtran or saline solution administered during the 
development of tlie shock-like syndrome in no way 
influenced the eventual fatal outcome. Pneumoni- 
tis, uncomplicated by dextran injections, was the 
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mjcctcd dc.vtr.Tn' solution in nonnal and irradi- 
ated rabbits. 

EXPrRIiMENTAL 

Female Dutch strain rabbits weighing l.-l to 
1.0 Kg. were used after iinpl.aiitiug an indwelling 
c.itheter according to the method of Dctrick and 
Rho<ies (0). Groups of eight animals each were 
U'cd for the single injection scries; and groups of 
12 animals each were used for the multiple injection 
senes (^ec Table I for details). Each injection. 


Tahle I. — DnxTRjt.N Injection in Rabbits 


Group 

Post r 
Injection 

Xo of 

Solution 

Amount of 
Dextran 


Time 

Injections 

Injected 

ml. 

Gm. 

1 

1 hr. 

1 

Dextran 

75 

4.5 

o 

1 dav 

1 

Dextran 

To 

4.5 

3 

3 dav 

1 

Dextran 

75 

4.5 

4 

7 dav 

1 

Dextran 

75 

4.5 

5 

11 dav 

1 

Dextran 

75 

4.5 

0 

1 hr. 

1 

Saline 

40 

0 

7 

3 day 

1 

Saline 

To 

0 

s 

0 

0 

Control 

0 

0 

9 

1 dav*' 

1 

Dextran 

75 

4 5 

111 

1 da\ " 

1 

Saline 

4 0 

0 

11 

1 dav 

9 

Dextran 

75 

40.5 

12 

1 dav 

9 

Saline 

075 

0 

13 

1 day*' 

9 

Dextran 

075 

40.5 

14 

1 daj *• 

9 

Saline 

075 

0 

1.5 

0 

0 

Control 

0 

0 


« Ground 1-10 contained S aoiraals each Groups 11-15 
contained 12 animals each 
fc Non irradiated controls. 


ation. These latter animals were subjected to a 
72-hr. food deprivation period prior to sacrifice to 
reduce body glycogen stores and thus reduce false 
positive staining reactions. Tissue specimens (Table 
II) were removed, fixed in neutral fonnalin, and 
stained with hematoxylin and cosin. Contiguous 
slices of the above specimens were also fixed in cold 
absolute alcohol and serial tissue sections were 
differentially stained by the alcoholic periodic 
acid-aqueous Schifl’s method for dextran (4). Five 
hundred r acute whole body x-irradiation was ad- 
ministered to the animals from above and below 
with two 250 KV'P Picker Industrial Units operating 
simultaneously. Technical factors were; 250 KVP; 
FOD 55 cm.; filters — Cu 0.21 mm. inherent and 0.5 
mm. parabolic and 1 mm. Al; size of field — whole 
body; rate — 50.25 r/min. measured in air with a 
Yictorecn Thimble r-metcr. 

RESULTS 

General Effects of Infusion and Irradiation. — 
After si.xty days, the saline control groups (Table I) 
showed no changes which could be attributed to the 
saline infusions. However, the nonirradiated ani- 
mals shou’etl varj'ing degrees of PAS staining u hich 
has been attributed to glycogen, basement mem- 
brane, mucin, colloid, and hyaline materials (1). 
Such naturally occurring materials were observed 
in all tissues examined and did not appear to in- 
crease following irradiation. Tlie pre-sacrifice fast- 
ing of the animals appeared to decrease this stain- 
ing reaction, thus increasing the probability that the 
remaining material found in the tissues of the dextran 


Taiii.c II —Intensity or Dextran Storage in Organs op Irradiated and Nonirradiated Rabbits" 


No of Dextr.in . Single^— . , — Nine^ 


Injections 

K uliation 

' —— 


-oOO r 

Sacri- 

None 

Sacri- 

, 

-500 

Sacri- 

None 

Sacri- 

t>ur\ lal 


—Died — 


ficed 

ficed 

Died 

ficed 

ficed 

in Da 3 s 

8 

lo 

32 

00 

GO 

10 

00 

00 

Liver 

4 

3 

2 

0-3 

1-2 

5 

4 

4 

Kidney 

4 

3 

1 

0-1 

0-1 

5 

3 

3-4 

.-Vdrcnal 

1 

1 

0 

0 

0-1 

5 

2-3 

3-4 

Spleen 

3 

1 

0 

0 

0 

5 

2-3 

3 

Lymph node 




0-1 

0 

4 

2-3 

2-3 

Bone marrow 

4 

2 

1 

0-1 

0-1 

5 

3-4 

3 

Lung 

2 

2 

2 

0-1 

0 

4 

1 

1 

Pancreas 

.3 

2 

2 

0-1 

0-1 

5 

1-3 

1-3 

Small bowel 

1 

4 

1 

0-1 

0-1 

2 

0-1 

1 

Large bow el 




0-1 

0-1 

4 

1-2 

2 

Muscle 

2 

' 1 

1 

0 

0 

3 

1 

1 

Heart 

3 

3 

1 

1-2 

0-1 

4 

1 

2 

No of animals 


10 


30 

8 

1 

11 

12 


“ Intensity of deitran storage- I — minimal, 2 — slight, 3 — moderate. -1 — abundant, 5 — intensive. 

«■ Non deilran injected groups omitted- .Number of animals, single (S), multiple (.XI). Irradiated saline S (10). M (12); 
Nonirradi.ited saline S (S), M (12) , irradiated S (8), M (II) 


s.iline or dextran. w.as of a total volume of 75-ml. 
given at a rate of 2,5 ml /hr This clinical de.\tr.in 
contained .5- lOTo of material with average molccu- 
l.tr weights as high as 200,000 and as low as 25,000, 
with the b.ilance having an average molecular weight 
of 70,000. Necropsies were performed on all 
animals that died during the course of tlie experi- 
ments and on the surx'ivors sixty days post-irradi- 


t The authors wish to thank Dr. Walter E. Ward of Cutter 
Laboratories for the clinicaf dextran solutions (Lot raS2y3-B) 
used. 


treated animals was actually dextran. 

The 500 r whole body irradiation produced a 1-3% 
mortality in sixty days. Post-irradiation stiock-Iikc 
deaths (5-7 hours PR) were ushered in by a sliort 
period of restlessness, inactivity, fall in body tem- 
perature, lack of response to mild stimuli, and ter- 
minal convulsions. Intravenous injections of cither 
dextran or saline solution administered during tlic 
development of the shock-like syndrome in no way 
influenced the eventual fatal outcome. Pneumoni- 
tis, uncomplicated by dextran injections, was tlic 
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Kidney. — A heavier tissue deposition and a more 
generalized tissue involvement characterized stor- 
age phenomena within the kidney. De.xtran was 
observed in all glomeruli varying in size from free 
granules to large masses of blue-black colored ma- 
terial. The number of localized solid blue tubular 
cells and casts was increased. Fine blue granules 
occurred in the majority of tubular cells and there 
was a much more prominent involvement of the 
interlobular reticulo-endothelial cells. 

Adrenal. — Dextran deposition occurred in histio- 
cytes of the surrounding fat, in and beneath the 
capsule. Cells of the zona glomerulosa and outer 
fasciculata were nearly solid blue, tapering off as 
discrete granular deposition in the inner fasciculata, 
reticularis, and medullary zones. Interstitial histio- 
cytes of the entire organ were involved. 

Spleen. — The spleen showed less shrinkage, a 
characteristic of recovery from irradiation. The 
follicles were larger and the capsule, trabeculae, 
and hemosiderin deposits less prominent. There 
was massive infiltration of free dextran granules in 
the red pulp. The white pulp was clear except for 
an occasional filled histiocyte in or about blood 
vessels. Free granules lined the sinusoids. 

Lymph Nodes. — Only a delicate deposit of fine 
granular dextran was seen within reticulum cells 
and lining the sinusoids. 

Bone Marrow. — Free dextran granules lightly in- 
filtrated the marrow tissue and were present within 
blood vessels and filled the phagocytes. 

Pancreas. — Dextran was stored as massive blue, 
triangular, extracellular infiltrations of free granules 
within interlobular connective tissues and as a dif- 
fuse granular infiltration in the cytoplasm of acinar 
cells, but not in the islet cells. The macrophages 
were filled and free granules were present within 
blood vessels. 

Small and Large Bowel. — Blue staining material 
in histiocytes of the serosal coat, between muscle 
layers, and about blood vessels of the lamina pro- 
pria, villi, and intestinal folds was observed. 

Striated Muscle. — Storage did not occur within 
muscle fibers, but free granules were present in the 
connective tissue. Histiocytes in the connective 
tissue and about the blood vessels stained dark blue. 

Cardiac Muscle. — In contrast with striated 
muscle, cardiac muscle did show a profuse infiltra- 
tion of free dextran granules within the cytoplasm 
of fibers, but otherwise the storage distribution 
was the same. 


DISCUSSION 

Our findings agree with observations of others 
who found parenteral dextran a safe plasma volume 
expander for rabbits (6, 10). Single or multiple 
intravenous injections were uneventful; infiltration 
of free granules into the tissues, storage in paren- 
chymal or phagocytic cells incited no histological 
reactions; observations to the countrary notwith- 
standing (11). An infusion of dextran was a safe, 
although ineffective, therapeutic procedure even 
when given during the developmental period of 
the irreversible post-irradiation shock. These 
findings indicate that dextran is much safer than 
dextrin, oxypolygelatin or PVP under the same 
experimental conditions (12-15). 


Dextran tissue retention has been detected by 
histochemical, serological, and chemical methods 
(4, 6, 11). The alcoholic periodic acid-aqueous 
differential staining procedure was used success- 
fully in dextran identification in the human (1), 
mouse (4), dog (8), and rabbit (16). Normal tissues 
contain no PAS-positive, water soluble material, 
but do show “naturally occurring” water insoluble 
materials such as glycogen, basement membrane, 
hyaline, colloid, and mucin (1). \Ve observed simi- 
lar staining reactions in control animals. Such 
staining reactions were not increased by irradiation. 
Irradiated dextran injected rabbits that died early 
showed abundant red hyaline casts throughout 
the kidney. Similar red casts have been reported 
in kidney tissue of both battle casualties (1) and 
burned mice (17). Irradiated splenic tissue also 
showed PAS-positive staining cells, but a general- 
ized plasma cell cytosis was not seen in the rabbits. 
However, aggregates of PAS-positive plasma cells 
have been observed in rabbit spleens following stress 
of hyperimmunization (18), and plasma cell cytosis 
was a consistant finding in atomic bomb casualty 
tissues (19). 

Intravenously injected dextran produced reten- 
tion in parenchymal cells of the liver, kidney, adre- 
nal and pancreas, and in reticulo-endothelial eells 
of all organs examined including the spleen, lymph 
nodes, bone marrow, lung, bowel, and muscle. The 
intensity of deposition was proportional to the 
amount given and invcrselj' proportional to the 
post-injection time at which the tissues were ex- 
amined. Dextran solutions were not tissue irri- 
tants in moderate amounts. The above findings 
agree witli observations of others (1-6, 17, 20). 
Bull, et al. (6), pointed out that the lower molecular 
weight fractions of dextran were rapidly e.xcreted 
whereas the higher fractions were retained in the 
body. Thus our observations of tissue deposition 
are probably related to retention of the higher 
molecular weight fractions in the dextran we used. 
Gray (21) using C ‘^-labeled dextran showed that 
eventually even the retained fraction is eliminated 
from the body. The observation of decreased tissue 
retention (Table II) confirms Gray (21). 

The irradiation. Itself, produced minor changes 
in the liver, kidney, bone marrow, spleen, lymphoid 
tissue, and lung. This agrees with the observations 
of Hagen, ct al. (22). 
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The Ontogenesis of Gramine in Barley Seedlings* 

By V. E. TYLER, Jr. 


A sensitive paper chromatographic technique was developed for the separation 
and identification of the basic nitrogenous compounds in barley seedlings. This 
method was utilized to follow the ontogenesis of gramine in normal and etiolated 
plants. It was established that gramine does not exist in the ungerminated seed, 
the coleoptiles, or roots of Charlottetown No. 80 barley, but is present in the leaf 
on the third day following germination and remains there in detectable quantities 
for at least fifty days. No qualitative differences in gramine content were observed 
between the normal and etiolated seedlings. The significance of these results 
with reference to seemingly conflicting previous reports is discussed. 


RAMiNE, AN ALKALOID isolated from certain 
varieties of barlej', Hordeum vulgare L., 
and also from an Asiatic reed, Artindo donax L., 
has been characterized chemically as 3-(di- 
methyIaminomethyl)-indole (1). Employing a 
photometric method of determination, Euler, 
el al. (2, 3), established that of 18 varieties of 
barley seedlings investigated, five contained 
gramine. In these phnts the alkaloid was not 
present in the coleoptile, but was detected in the 
roots and leaves, increasing in concentration in 
the latter organs from the base to the apex. It 
was further established that the total gramine 
content of the plant remains constant from the 
fourth to the tenth day following germination, 
but no alkaloid could be detected after one 
month. 

More recently, Marion, el al., in studies on the 
biogenesis of alkaloids, fed trj'ptophan labeled 
with in the /3 position to germinating barley 
seedlings (variety Charlottetomi No. 80) and 
were able to isolate radioactive gramine from the 
leaves, indicating that tij^itophan senws as a 
precursor to gramine (4). Radioautographs of 
such barley leaves indicated that the tryptophan 
was first concentrated near the base of the leaves 
and then reappeared as gramine in the leaf tips 
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(6). A further study (6), employing a mi.xture 
of tiyptophans labeled in the 2 and /S positions, 
verified that the conversion of trj'ptophan to 
gramme takes place without cleavage of the 
indole-alanine linkage. 

Because gramine is a derivative of indole, a 
structure which is of considerable physiological 
interest, it appeared worth while to obtain more 
detailed information regarding the ontogenesis 
of the alkaloid, especially with respect to its re- 
ported occurrence in the root as well as its ulti- 
mate disappearance from the leaf. 

EXPERIMENTAL 

Chromatographic Identification of Gramine. — 
Before proceeding with the ontogenetic phase of the 
investigation, it was necessary to develop a sensi- 
tive process for the separation and identification of 
the basic nitrogenous compounds occurring in barley 
seedlings; specifically choline, gramine, and hor- 
denine. The paper chromatographic method ap- 
peared well suited for this purpose, but gramine 
and hordenine proved to be extremely difficult to 
separate complete^, and a large number of the more 
conventional organic solvent systems were employed 
without success. Good resolution was finally 
achieved using an aqueous solution of an electrolyte 
as suggested by Resplandy (7). 

Mixtures of the bases were spotted on 1 X 22.5-in. 
strips of Whatman No. 1 filter paper and subjected 
to ascending formation with a 10% aqueous solu- 
tion of ammonium sulfate for about five hours. A 
more rapid and equally satisfactorj' separation was 
achieved employing the circular formation method 
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Kidney. — A heavier tissue deposition and a more 
generalized tissue involvement characterized stor- 
age phenomena within the kidney. Dextran was 
observed in all glomeruli varying in size from free 
granules to large masses of blue-black colored ma- 
terial. The number of localized solid blue tubular 
cells and casts was increased. Fine blue granules 
occurred in the majority of tubular cells and there 
was a much more prominent involvement of the 
interlobular reticulo-endothelial cells. 

Adrenal. — Dextran deposition occurred in histio- 
cytes of the surrounding fat, in and beneath the 
capsule. Cells of the zona glomerulosa and outer 
fasciculata were nearly solid blue, tapering off as 
discrete granular deposition in the inner fasciculata, 
reticularis, and medullary zones. Interstitial histio- 
cytes of the entire organ were involved. 

Spleen. — The spleen showed less shrinkage, a 
characteristic of recovery from irradiation. The 
follicles were larger and the capsule, trabeculae, 
and hemosiderin deposits less prominent. There 
was massive infiltration of free dextran granules in 
the red pulp. The white pulp was clear except for 
an occasional filled histiocyte in or about blood 
vessels. Free granules lined the sinusoids. 

Lymph Nodes. — Only a delicate deposit of fine 
granular dextran was seen within reticulum cells 
and lining the sinusoids. 

Bone Marrow, — Free dextran granules lightly in- 
filtrated the marrow tissue and were present within 
blood vessels and filled tlie phagocytes. 

Pancreas. — Dextran was stored as massive blue, 
triangular, extracellular infiltrations of free granules 
within interlobular connective tissues and as a dif- 
fuse granular infiltration in the cytoplasm of acinar 
cells, but not in the islet cells. The macrophages 
were filled and free granules were present within 
blood vessels. 

Small and Large Bowel. — Blue staining material 
in histiocytes of the serosal coat, between muscle 
layers, and about blood vessels of the lamina pro- 
pria, villi, and intestinal folds was observed 

Striated Muscle, — Storage did not occur within 
muscle fibers, but free granules were present in the 
connective tissue. Histiocytes in the connective 
tissue and about the blood vessels stained dark blue. 

Cardiac Muscle.— In contrast with striated 
muscle, cardiac muscle did show a profuse infiltra- 
tion of free dextran granules within the cytoplasm 
of fibers, but otherwise the storage distribution 
was the same. 


DISCUSSION 

Our findings agree with observations of others 
who found parenteral dextran a safe plasma volume 
expander for rabbits (6, 10). Single or multiple 
intravenous injections were uneventful; infiltration 
of free granules into the tissues, storage in paren- 
chymal or phagocytic cells incited no histological 
reactions; observations to the countrary notwith- 
standing (11). An infusion of dextran was a safe, 
although ineffective, therapeutic procedure even 
when given during the developmental period of 
the irreversible post-irradiation shock. These 
findings indicate that dextran is much safer than 
dextrin, oxypolygelatin or PVP under the same 
experimental conditions (12-15). 


Dextran tissue retention has been detected by 
histochemical, serological, and chemical methods 
(4, 6, 11). The alcoholic periodic acid-aqueous 
differential staining procedure was used success- 
fully in dextran identification in the human (1), 
mouse (4), dog (8), and rabbit (16). Normal tissues 
contain no PAS-positive, water soluble material, 
but do show ‘‘naturally occurring” water insoluble 
materials such as glycogen, basement membrane, 
hyaline, colloid, and mucin (1). We observed simi- 
lar staining reactions in control animals. Such 
staining reactions were not increased by irradiation. 
Irradiated dextran injected rabbits that died early 
showed abundant red hyaline casts throughout 
the kidney. Similar red casts have been reported 
in kidney tissue of both battle casualties (1) and 
burned mice (17). Irradiated splenic tissue also 
showed PAS-positive staining cells, but a general- 
ized plasma cell cytosis was not seen in the rabbits. 
However, aggregates of PAS-positive plasma cells 
have been observed in rabbit spleens following stress 
of hyperimmunization (18), and plasma cell cytosis 
was a consistant finding in atomic bomb casualty 
tissues (19). 

Intravenously injected dextran produced reten- 
tion in parenchymal cells of the liver, kidney, adre- 
nal and pancreas, and in reticulo-endothelial cells 
of all organs examined including the spleen, lymph 
nodes, bone marrow, lung, bowel, and muscle. The 
intensity of deposition was proportional to the 
amount given and inversely proportional to the 
post-injection time at which the tissues were ex- 
amined. Dextran solutions were not tissue irri- 
tants in moderate amounts. The above findings 
agree with observations of others (1-6, 17, 20). 
Bull, et al. (6), pointed out that the lower molecular 
weight fractions of dextran were rapidly excreted 
whereas the higher fractions were retained in the 
body. Thus our observations of tissue deposition 
are probably related to retention of the higher 
molecular weight fractions in the dextran we used. 
Gray (21) using CN-labeled dextran showed that 
eventually even the retained fraction is eliminated 
from the body. The observation of decreased tissue 
retention (Table II) confirms Gray (21). 

The irradiation, itself, produced minor changes 
in the liver, kidney, bone marrow, spleen, lymphoid 
tissue, and lung. This agrees with the observations 
of Hagen, ct al. (22). 

REFERENCES 

(1) Vickery. A. L.. Am. J. Pathol, 32, 101(1956). 

(2) Jaenike, J. R., and Waterhouse, C., Circulation, 11, 
1(1955). 

(3) Norlander, O., Troell, L., and Aberg, B., Acta Chir. 
Scand., 109, 1(1955). 

(t) Mowry, R. W., and Millican, R. C., Ain. J. Pathol, 
29,523(1953). 

(5) Friberg. U., Graf, W., and Aberc, B., Acta Pharmacol 
roxiroi., 9, 220(1953). 

(6) Bull, J. P., Ricketts, C., Squire, J. R., Maycock, W. 
d’a., Spooner, S. J. L., Mollinson, P. L., and Patterson, J. C. 
S.,Lan«<, 1, 134(1949). 

(7) Amspacher, W. H., and Gray, I., Ann. At F. Aacd. 
Sci., 55, 520(1952). 

(8) Pirani, C, L., Juster, R., Ingraham, R. J., Froeb, _H. 
F., Bell, J. H., and Consolazio, C. R., Medical Nutrition 
Laboratory, U. S. Army, Fitzsimons Army Hospital Rept. 
124 (1954). 

(9) Detrick, L. E., and Rhodes, B. J., This Journal, 41, 
238(1952). 

(10) Ingleman, B., Upsala Lakareforeninss Fdrhandlingrr , 
54, 107(1949). 

(11) Persson, B. H., Acta Soc. Med. Upsala. 57, 421(1952). 

(12) Detrick, L. E., Lewis, A. E., Highby, D., Rhodes, B., 
and Haley, T. J., This Journal, 41, 014(1952). 



February 1958 


Scientific Edition 


97 


(13) Detrick, L. E., Debley, V., and Haley, T. J., ibid., 
42,623(1953). 

(14) Detrick, L. E., Debley, V., and Haley, T. J., ibtd.t 
43,449(1954). 

(15) Upham, H. C., Lovell, W., Detrjck, L. E., Highby, D. 
H., Debley, V., and Haley, T. J., Arch, intern. Pharmacody- 
nainie, 104, 151(1956). 

(16) Friberg, U., Graf, W., and Aberg, B., Scand. J. Clin. 
^•Lab. Invest., 3, 221(1051). 

(17) Mowrj', R. W., Longley, J. B., and Millican, R. C., 


J. Lab. Clin. Med., 39, 211(1952). 

(18) Teilum, G., Am. J. Pathol., 32, 945(1956). 

(19) Liebow, A. A., Warren, S., and De Coursey. E.. ibid 
25.853(1949). 

(20) Hartman, F. W., and Behrtnann, Y, G., J. Am Med 
Awoc., 152, 1116(1953). 

(21) Grey, I., Am. J. Physiol., 174, 462(1953). 

(22) Hagen, C. W., Jr., Jacobson, L. O., Murray, R., and 
Lear, P., U. S. Atomic Energy Comm., MDDC-999, June 4, 
1947. 


The Ontogenesis of Gramine in Barley Seedlings* 

By V. E. TYLER, Jr. 

A sensitive paper chromatographic technique was developed for the separation 
and identification of the basic nitrogenous compounds in barley seedlings. This 
method was utilized to follow the ontogenesis of gramine in normal and etiolated 
plants. It was established that gramine does not exist in the ungerminated seed, 
the coleoptiles, or roots of Charlottetown No. 80 barley, but is present in the leaf 
on the third day following germination and remains there in detectable quantities 
for at least fifty days. No qualitative differences in gramine content were observed 
between the normal and etiolated seedlings. The significance of these results 
with reference to seemingly conflicting previous reports is discussed. 


G ramine, an alkaloid isolated from certain 
varieties of barley, Hordeum vtilgarc L., 
and also from an Asiatic reed, Artindo donax L., 
has been characterized chemically as 3-(di- 
methylaminomethyl)-indole (1). Employing a 
photometric method of determination, Euler, 
et al. (2, 3), established that of 18 varieties of 
barley seedlings investigated, five contained 
gramine. In these plants the alkaloid was not 
present in the coleoptile, but was detected in the 
roots and leaves, increasing in concentration in 
the latter organs from the base to the apex. It 
was further established that the total gramine 
content of the plant remains constant from the 
fourth to the tenth day following germination, 
but no alkaloid could be detected after one 
month. 

More recently, Marion, ei al., in studies on the 
biogenesis of alkaloids, fed tryptophan labeled 
with in the j3 position to germinating barley 
seedlings (variety Charlottetown No. 80) and 
were able to isolate radioactive gramine from the 
leaves, indicating that tryptophan serves as a 
precursor to gramine (4). Radioautographs of 
such barley leaves indicated that the tryptophan 
was first concentrated near the base of the leaves 
and then reappeared as gramine in the leaf tips 
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(5). A further study (6), emplo)mg a mixture 
of tryptophans labeled in the 2 and ^ positions, 
verified that the conversion of tr 3 'ptophan to 
gramine takes place without cleavage of the 
indole-alanine linkage. 

Because gramme is a derivative of indole, a 
structure which is of considerable physiological 
interest, it appeared worth while to obtain more 
detailed information regarding the ontogenesis 
of the alkaloid, especially with respect to its re- 
ported occurrence in the root as well as its ulti- 
mate disappearance from the leaf. 

EXPERIMENTAL 

Chromatographic Identification of Gramine. — 
Before proceeding with the ontogenetic phase of the 
investigation, it was necessary to develop a sensi- 
tive process for the separation and identification of 
the basic nitrogenous compounds occurring in barley 
seedlings; specifically choline, gramine, and hor- 
denine. The paper chromatographic method ap- 
peared well suited for this purpose, but gramine 
and hordenine proved to be extremely difficult to 
separate completely, and a large number of the more 
conventional organic solvent systems were employed 
without success. Good resolution was finally 
achieved using an aqueous solution of an electrolyte 
as suggested by Resplandy (7). 

Mixtures of the bases were spotted on 1 X 22.5-in. 
strips of Whatman No. 1 filter paper and subjected 
to ascending formation with a 10% aqueous solu- 
tion of ammonium sulfate for about five hours. A 
more rapid and equally satisfactory separation was 
achieved employing the circular formation method 
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of Rutter (8), With Whatman No. 1 paper in a 
15-cm. Petri dish, time of development was reduced 
to less than two hours. A particular advantage of 
this wash liquid was its aqueous character which 
made it possible to spot comparatively crude ex- 
tracts of plant material on the chromatogram since 
many impurities (lipids, chlorophyll, etc.) are in- 
soluble in it and do not move from their original 
position. 

Localization of the bases was carried out by dip- 
ping the chromatogram in Munier’s reagent (9). 
Average R j values obtained by the ascending tech- 
nique were: gramme 0.64, hordenine 0.78, and cho- 
line ran with the solvent front. Corresponding 
values were obtained by the circular method, but 
here standard substances were emplo 3 ’ed for refer- 
ence purposes. 

The Detection of Gramme in Seedlings.^ — Quan- 
tities of Charlottetown No. 80 barley seed' were 
germinated in moist air at room temperature as de- 
scribed bj' Mej^er and Anderson (10). In cases 
where seedlings in an advanced stage of develop- 
ment (greater than ten daj’s) were desired, the 
seeds were planted in soil contained in pots and al- 
lowed to develop under greenhouse conditions. 

Two series of e.xperiments were carried out. In 
the first, seedlings were grown in total darkness for 
periods of three, six, and eight days. When har- 
vested, the plants were separated into root, coleop- 
tile, and leaf and dried in a circulating air oven at 
45°. Seedlings of the second group were allowed 
to develop subject to the normal diurnal variations 
of light and then treated as previously described. 
In this series, however, the period of development 
was extended to include the roots and leaves of 
plants harvested 10, 15, 20, 26, 30, 40, and 50 daj’s 
after germination. A quantity of ungerminated 
seed was also tested for gramine, since the presence 
or absence of the alkaloid in these parts had not 
been established. 

After drying, the various plant parts were ground 
to a No. 40 powder in a Wiley laboratory mill, 
weighed, and shaken in stoppered test tubes con- 
taining 1 ml. of ethanol per 100 mg, of plant material 
for one hour. The sample size emploj'ed generally 
ranged from 100 to 500 mg. The tubes were then 
centrifuged, the extract decanted into a small 
evaporating dish and reduced to dryness in a stream 
of warm air. The residue was then redissolved in 1 
ml. of ethanol, and a quantitj^ of this extract repre- 
senting a minimum of 25 mg. of the dried plant ma- 
terial was spotted in small, successive portions on 
the chromatographic sheet or strip which u’as then 
treated as previously described. In this wajq 5 /ig. 
of gramine could be detected with certainty. Ex- 
pressed in terms of the minimum quantitj' of extract 
spotted, this is equivalent to 0.02% of the dry 
weight of the plant material tested. 


RESULTS AND DISCUSSION 

Gramine could not be detected in the ungermi- 
nated seed or in the coleoptiles of either normal or 
etiolated seedlings tested three, six, and eight days 
following germination. In the leaves the alkaloid 
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was present in both normal and etiolated plants 
three days after germination, which was the earliest 
stage of development at which it was possible to ef- 
fect an efficient separation of the leaf and coleop- 
tile. It continued to be present in the leaves of 
both series of plants until the experiment was con- 
cluded, in the case of the etiolated plants after 
eight days, in the case of the normal plants, fifty 
days. Gramine was never detected in the roots of 
any of the seedlings during the entire course of the 
experiment. 

The discrepancies in these results in comparison 
to those reported by previous investigators may be 
explained on the basis of the use of different plant 
material or a difference in the methods employed. 
The procedure of Brandt, el al. (3), for estimating 
gramine involves an absorbance measurement at 
280 m/j of a purified alkaloidal extract. In the case 
of roots tested in this way, the extract would also 
contain hordenine which absorbs strongly at this 
wavelength. This maj^ account for the earlier 
report of gramine in the roots of barlej’^ seedlings. 

Although there is a possibilitj’’ that the distribu- 
tion of gramine as well as its occurrence in the plant 
is a genetic variable which may differ with different 
varieties of barley, this hypothesis appears remote 
in the light of present knowledge. However, this 
same explanation could account for the existence of 
gramine in Charlottetown No. 80 barley leaves for 
at least fifty days following germination, although 
previous investigators were unable to detect it in 
month-old plants. 

Failure to detect anj’ gramine in the root, coupled 
with the reports of Marion, cl al., regarding synthe- 
sis during the initial growth of the leaf, seems to 
indicate conclusively that the latter organ is the 
exclusive site of synthesis, as well as storage, of 
gramine in Charlottetown No. '80 barley. This 
observation is particularly interesting in view of the 
numerous observations that tlie root is the "Haupt- 
bildungsstatte” of many of the alkaloids (11). Al- 
though there are exceptions to this rule, such as the 
shoot synthesis of steroid alkaloids of the solanidine 
tjqie and anabasine, such examples are not numer- 
ous. As Mothes points out, however, it is not too 
presumptuous to think that the present opinion 
concerning the locus of alkaloid formation is too 
limited, being based largel}'' upon sporadic data. In 
anj- event, gramine maj’ be added to the compara- 
tively small group of alkaloids which are known to be 
sjmthesized and stored in the plant shoot. 
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A Procedure for the Isolation and Determination of 
Trasentine in Solutions* 


By ANTHONY J. TARASZKA and ARNOLD D. MARCUSf 


Aqueous solutions of Trasentine® hydro- 
chloride (|3-diethylaminoethyl diphenylace- 
tate hydrochloride) may be analyzed for resi- 
dual concentrations of the intact ester by 
means of partition chromatography and sub- 
sequent nonaqueous titration. Aliquots of 
the aqueous solutions are introduced onto 
the silicic acid columns, prepared to contain 
an internal phase buffered to pH 4.8, as 
slurries with carbon tetrachloride and silicic 
acid. The Trasentine base is then selectively 
eluted with chloroform and the concentration 
of base determined by titration with standard 
perchloric acid in glacial acetic acid using 
a-naphtholbenzein indicator. The results ob- 
tained by this method are in good agreement 
with those obtained by other methods. In 
addition, the procedure described has a num- 
ber of advantages for use in conjunction 
with kinetic studies. 

"Prior to undertaking a study of the kinetics 
of hydrolysis of Trasentine hydrochloride 
(/S-diethylaminoethyl diphenylacetate hydrochlo- 
ride) it was necessary to choose or develop an ana- 
lytical procedure which would permit accurate 
and precise dererminations of residual quanti- 
ties of the intact drug. Although at least three 
ordinarily acceptable methods were already avail- 
able, each of these had one or more inherent dis- 
advantages which rendered it unsuitable for our 
needs. 

The gravimetric method (1), based upon for- 
mation of the picrate, was entirely too time- 
constuning. Direct spectrophotometric deter- 
mination (2) could not be employed because of 
the similarity in absorption spectra between Tras- 
entine and diphenylacetic acid, one of the major 
degradation products. The procedure of Goddu, 
el al , for esters (3) was considered, but the nature 
of the reagents required seemed to introduce the 
possibility of degradation other than that de- 
sired It appeared, therefore, most plausible 
to develop a new method. 
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The present communication indicates the feas- 
ibility of employing partition chromatographic 
separation of the undegraded Trasentine base and 
subsequent titration of this base with perchloric 
acid in glacial acetic acid in the presence of a 
suitable indicator. 

DISCUSSION OF THE EXPERIMENTAL 
APPROACH 

Nonaqueous determination of Trasentine as the 
free base requires that the ester be separated com- 
pletely from any /3-diethylaminoethanol which 
might result from hydrolysis This separation is 
vital inasmuch as both compounds respond as bases 
in the nonaqueous solvents suitable for elution of 
Trasentine. Although it would be desirable to effect 
a similar separation of Trasentine from diphenyl- 
acetic acid, this preference is a matter of elegance 
rather than necessity. The acid does not, as will be 
shown later, interfere vith the titrations. 

Because /3-diethylaminoethanol is a much stronger 
base than Trasentine and much more soluble in 
water, it was assumed that silicic acid columns buf- 
fered at pH 6.0 would permit a simple separation of 
the two amines. In light of the pKa of diphenyl- 
acetic acid {ca. 4) it also seemed possible to retain 
the acid on the column while eluting the undegraded 
ester with chloroform The flowing chromatogram 
shown in Fig. 1, which was obtained in the presence 
of /3-diethylaminoethanol, apparently confirmed the 
suitability of such a procedure. When, however, 
this method was applied, the precision and accuracy 
were so poor as to necessitate some change 

The poor results seemed best attributable to 
either or both of two reasons Either the Trasentine 
was being held on the column because of the adsorp- 
tive properties of silicic acid, or the ester was under- 
going degradation during the course of separation. 
The first of these alternatives was regarded as un- 
likely in view of a lack of any significant tailing in 
the chromatogram. Because it is knorni (1) that 
the rate of hydrolysis of Trasentine increases mark- 
edly with hydroxyl ion concentration, the second 
alternative was pursued. Since Trasentine exhibits 
greatest stability between pH 4-5, the columns were 
changed to provide an internal phase buffered to pH 
4 8 This simple change permitted an excellent 
order of precision and accuracy without any notice- 
able alteration in the shape of the chromatogram. 

EXPERIMENTAL 

Materials. — Trasentine hydrochloride; silicic acid, 
Mallinckrodt, Chromatography Grade ; 0 5 M pH 
4.8 acetate buffer; chloroform. Baker analyzed 
reagent; carbon tetrachloride, N. F.; a-naphthol- 
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benzein, 0.1% in glacial acetic acid; 0.01 AT per- 
chloric acid in glacial acetic acid. 

Equipment. — Chromatographic columns, 2 (i.d.) 
X 40 cm. provided with suitable delivery tubes and 
indented at the base so as to hold glass wool; 
close fitting glass plungers for packing the columns; 
5-and 10-ml. burets. 

Procedure. — Pack the columns according to the 
procedure of Higuchi and Patel (4). Use 20 grams 
of silicic acid as the holding phase, 20 ml. of 0.5 M 
pH 4.8 acetate buffer as the internal phase, and car- 
bon tetrachloride as the external phase. 

Pipet an exact volume (not to exceed 5.00 ml.) of 
an aqueous solution of Trasentine, adjusted to pH 
4.8 and containing between 0.03 and 0 05 Gm. of 
the drug in each ml. onto a quantity of dry silicic acid 
nuraericall}' equal in grams to the volume of solution 
used. Mix thoroughlj' with a small spatula, add 10 
ml. of carbon tetrachloride and form a slurry by 
thorough mixing. Transfer the slurry to the column 
using quantitative technique and pack it tightly onto 
the top of the column. When removing the plunger 
from the column, use care to avoid carrying along 
any adhering slurry. Rinse the container (prefcr- 
ablj' a 30-ml. beaker) with an additional 10 ml. of 
carbon tetrachloride and add the rinsings to the 
column. When all but the last traces of supernatant 
liquid have entered the column, force any of the 
slurry, which may have adhered to the sides of the 
column, downward onto the main portion. At this 
point, add a slurry prepared from 1 Gm. silicic acid, 
1 ml. buffer, and 5 ml. of carbon tetrachloride to the 
column and pack down tightly. 



When all of the supernatant liquid has again 
entered the body of the column, pipet exactly 5 ml. 
of chloroform into the column and begin collecting 
the eluate in a 100-ml. volumetric flask. Allow all 
but a bare trace of the chloroform to drain into the 
column, add a second 5-ml. portion of chloroform 
and allow it, too, to drain into the column. Chloro- 
form may then be added in larger amounts but the 
flow rate should not exceed 2 ml. in three minutes. 

After 100 ml. of eluate have been collected in the 
volumetric flask, take 10-ml. aliquots for determina- 
tion of the Trasentine content. To each 10-ml. ali- 
quot add 5 drops of 0.1% Q;-naphtholbenzein in 
glacial acetic acid and titrate with 0.01 N perchloric 
acid in glacial acetic acid to the proper visual end 
point. Perfonn a blank to compensate for the 
basicitj' of the indicator. 

Each ml. of 0.01 N perchloric acid used is equal 
to 3.479 mg. Trasentine hydrochloride. 

RESULTS 

As shown in Table I, the analytical procedure de- 
scribed above permits quantitative recovery of Tras- 
cntinc from aqueous solutions. 


Taule I. — Recovery of Trasentine from 
Aqueous Solutions 


Sample 

Trasentine 

HCI Added, 

Found, 

Recovery, 

No. 

mg. 

mg. 

% 

I 

123.9 

123.5 

99.7 


123.9 

124.6 

100.5 


123.9 

123.3 

99.5 

2 

llG.l 

116.2 

100.0 


116.1 

116.9 

100.7 


116,1 

116.8 

100.7 

3 

118.4 

117.2 

99.1 


118.4 

117.3 

99.1 


118.4 

117.5 

99.2 

4 

138.7 

138.1 

99.6 


138.7 

137.4 

99.1 


138.7 

137.4 

99.1 


It was stated previously that diphenylacetic acid, 
even if it were eluted along with the Trasentme 
base, would not interfere with the titrations. The 
data in Table II testify to tlie validity of this as- 
sumption. These data were obtained by including 
ail amount of diphenylacetic acid equivalent to that 
which ivould be present if all of the Trasentine liad 
hydrolyzed. Since the acid is not completely soluble 
ai pH 4.8, tlie undissolved acid was allowed to re- 
main in suspension. The suspensions were shaken 
thoroughly prior to each witlulrawal of asample for 


Table II. — Recovery of Trasentine 
Hydrochloride in Presence of 
Diphenyxacetic Acid 


Sample 

Trasentine 

HCI Added. 

Found, 

Recovery, 

No. 

mg. 

mg. 

% 

1 

118.9 

118.3 

99.5 


118,9 

118.8 

99.9 


118,9 

118.0 

99.3 

2 

138,5 

137.2 

99.1 


138,5 

137.5 

99.3 


138.5 

137.9 

99.5 
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analysis. Although this may have detracted some- 
what from the accuracy of the method, the essential 
point is, nevertheless, clearly demonstrated. 

SUMMARY AND CONCLUSIONS 

1. The concentration of Trasentine hydro- 
chloride in aqueous solutions may be determined 
by selectively eluting the free Trasentine base 
from partition chromatographic columns prepared 
from silicic acid, 0.5 M pH 4.8 acetate buffer and 
carbon tetrachloride. Chloroform is used as the 
eluant. One of the products of hydrolysis of 
Trasentine, |3-diethylaminoethanol remains on 


the column. While it is not certain whether 
the other product, diphenylacetic acid remains 
behind, this is of little consequence inasmuch as 
the acid does not interfere with determination of 
Trasentine base by nonaqueous titration. 

2. The procedure described is apparently pre- 
cise to within 1% and offers advantages over 
other methods for use in conjunction with kinetic 
studies. 
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A Study of the Decomposition of Glucose Solutions* 

By NORVAL E. WEBB, Jr.,t GLEN J. SPERANDIO, and ALFRED N. MARTIN 


Glucose solutions were thermally decom- 
posed under varying conditions. Prelimi- 
nary findings showed that the formation of 
5-hydroxymethyIfurfural from glucose was 
subject to general acid-base catalysis. Re- 
sults also indicate that the rate of reaction was 
inversely proportional to the initial concen- 
tradon of glucose. 

'■pHE INSTABILITY OF GLUCOSE SOLUTIONS IS OHC 

of the major problems encountered in the 
field of parenteral medication. Although con- 
siderable work is reported in the literature con- 
cerning this problem, little seems to have been 
accomplished in prolonging the shelf life of glu- 
cose injections. 

Investigators have studied the effects of heat 
on glucose solutions (1-A), since autoclaving is 
the most practical method for the sterilization of 
parenteral products. It has been shown that an 
excessive amount of heat causes the formation of a 
yellow color, and the theory has been advanced 
that at least part of this color is due to the poly- 
merization of 5-hydroxymethyIfurfural (here- 
after referred to as 5-HMF) (3, 5), a decomposi- 
tion product of glucose. Singh, et al. (6), found 
that the extent of coloration of glucose solutions 
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paralleled the extent of 5-HMF formation, the 
least amount of coloration occurring at pH 3.0. 
The rate of formation of this product has been 
assumed to be proportional to the decomposition 
rate of glucose (7), which would lead to the con- 
clusion that the rate of glucose degradation in 
solutions could be determined, imder varying 
conditions, by measuring the rate of formation of 
5-HMF. 

Bronsted and Guggenheim (8) found a general 
acid-base catal 3 'sis in the mutarotation of a- 
glucose and attributed it to the anions and cor- 
responding undissociated acids. It would be 
reasonable to assume that the decomposition 
of glucose to 5-HMF would also be subject to 
general acid-base catalysis. 

It was the purpose of this investigation to 
determine the effect of varying concentrations of 
glucose in solution upon the rate of decomposition, 
to study the effect of different buffering systems 
as a means of establishing general acid-base cat- 
alytic effects, and to prepare an Arrhenius plot to 
determine the energy of activation for the con- 
version of glucose to 5-HMF. 

EXPERIMENTAL 

Materials. — Mallinckrodt A. R. anhydrous dex- 
trose was chosen for use in this studj'. Redistilled 
water was used in the preparation of all solutions. 
The 5-HMF used in preparing the standard spectro- 
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photometric curve was obtained* as a dark brown 
viscous liquid and was crystallized and purified by 
vacuum distillation at 114^117° at a pressure of 1 
mm. of mercury. All decomposition runs were 
carried out using 100-ml., Army type, serum bottles 
of type-I glass. 

Apparatus.— All pH determinations were made 
with a Beckman model H2 glass electrode pH meter. 
The Beckman DU spectrophotometer with ultra- 
violet attachment was used for the assay of 5-HMF, 
using 10-mm. fused silica cells. The glucose .solu- 
tions were decomposed in a constant temperature 
oven, which could be controlled within a temperature 
range of ±0.5°. 

Assay. — The wavelength of maximum absor- 
bance for a solution of 5-HMF was found experi- 
mentally to be 284 m^j. A series of dilutions of 5- 
HMF in 10% glucose solution was accurately pre- 
pared, and the absorbances were determined at 
284 mp with a distilled water blank. The data 
were found to follow Beer’s law over the range of 
0.1 to 1.0. Absorbance was plotted against concen- 
tration and a line was fitted to the points by the 
method of least squares. In order to arrive at specific 
rate constants, the assay values were converted to 
meg. of 5-HMF per mole of anhydrous glucose. 

Methods. — With the exception of two runs made 
for the Arrhenius plot, all decomposition runs were 
conducted at a temperature of 100°. The solution 
containers were placed in the oven and attached to a 
sample-removal device which eliminated opening 
the oven to obtain tlie samples. Samples were 
taken initially and every thirty minutes for a period 
of two hours. 

At the end of each decomposition run the samples 
were assayed for 5-HMF. After converting the 
absorbances of these samples to meg. of 5-HMF per 
mole of glucose, the concentration of 5-HMF was 
plotted against time on rectangular coordinate graph 
paper. In a majority of cases the results were not 
linear; that is, the rate of formation increased with 
time, indicating what was considered to be auto- 
catalysis. A typical plot is shown in Fig. 1. Specific 
reaction rates were determined by drawing a tangent 
to the origin of the curve by a method similar to 
that described by Lotshaw (9). The specific rate 
constant was expressed as Aj = (meg. 5-HMF per 
ml. /moles of glucose initially present per ml.)/lir., 
where the subscript (i) is used to indicate that the 
rate was determined from the initial part of the 
curve. 

Concentration Effect upon Decomposition Rate. — • 
A series of glucose solutions varying in concentration 
from 5 to 25% was decomposed under identical 
conditions and the specific reaction rates were com- 
pared. The solutions were maintained at a pH of 
5.3 by the use of an acetate buffer system. The 
results are shown in Table I. It is seen that as the 
concentration of glucose increased the rate constant 
decreased. It is of interest to note that Zheltukhin 
(10) reported no effect on the rate of decomposition 
by the concentration of glucose with studies con- 
ducted at 145° and 167°; however, at 187° an in- 
crease was reported in the rate of decomposition 
with increased glucose concentration. 


* Purchased from the Bios Laboratories, 17 W. GOth Street, 
New York 23, N. Y. 



TIME (HOURS) 

Fig. 1. — The rate of formation of 5-HMF from a 
10 per cent anhydrous glucose solution at 100° C. 



1/r X 10’ 

Fig. 2. — The effect of temperature upon the rate 
of glucose decomposition. 

Since the rate of glucose decomposition decreased 
with the increase in glueose concentration under the 
conditions used in this study, it would be conceiv- 
able that by increasing the concentration of glucose 
in a buffered solution, and carrying out sterilization 
at a temperature of about 100°, the stability of glu- 
cose solutions for injection could be improved. 

General Acid-Base Catalytic Effect. — To deter- 
mine the acid-base catalytic effect upon the con- 
version of glucose to 5-HMF, buffered solutions con- 
taining 10% glucose were decomposed in the manner 


Table I. — Reaction Rate Constants for 
Varying Concentrations of Glucose 


Glucose, 

5-HMJ'/mo!e 
of Glucose/Hr. 

% 

(10-2 k{) 

5 

11.0 

10 

11.0 

15 

7.0 

20 

6.5 

25 

5.4 
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previously described. In no case was there any 
appreciable variation in initial and final pH. Three 
bufifer sj'stenis were selected to cover a pH range of 
from pH 3 0 to pH 6 7. A formic acid-sodium 
formate system was used at pH 3.0, an acetic acid- 
sodium acetate system at pH 6.0, and a monobasic 
potassium phosphate-sodium hydroxide system at 
pH 6.7. The buffer ion concentration of the buffer 
system at each pH was varied. The results are 
shown in Tables II, III, and IV. 


Table II. — Decomposition or 10% ANiiyDRous 
Glucose in a Formate Buffer System at a 
pH OF 3.0 


Molarity of Total 

Meg 5-HMF/mo1e 

Formate Including 

of Glucose/Hr 

Undissociated Acid 

(10 ki) 

0.006 

2 2 

0.012 

2.5 

0.107 

3.2 

0 193 

5.0 


Table III. — Decomposition of 10% Anhydrous 
Glucose in an Acetate Buffer System at a pH 
OF 5.0 

Molarity of Total 

Meg 5-HMF/raoIe 

Acetate Including 

of Glucose/Hr. 

Undissociated Acid 

(lO-'Xj) 

0.005 

1.2 

0 010 

1.6 

0 052 

5.6 

0 098 

9 3 

0.213 

29.0 

Table IV. — Decomposition 

of 10% Anhydrous 

Glucose in a Phosphate Buffer System at a 

pH of 6 

7 

Meg 5-HMF/mole 

Molarity of 

of Glucose/Hr 

Phosphate Ion 

(10-**.) 

0 050 

3.0 

0 100 

3.4 

0 200 

3.8 


In each case it can be seen that as the molar con- 
centration of the buffer increased the rate of de- 
composition was accelerated It may be concluded 
from this data that the conversion of glucose to 5- 
HMF is subject to general acid-base catalysis. 
These findings indicated that the catalytic effect of 
anions and undissociated acids of any buffer system 
that one might wish to employ in the preparation of 
glucose solutions, must be considered as well as the 
hydrogen ion concentration of the solution. 

Temperature Effect. — For this portion of the 
study 10% glucose solutions were decomposed at 
three different temperatures: 95, 100, and 105° ± 

0.5°. The solutions for decomposition were pre- 
pared using a sufficient quantity of hydrochloric 
acid to give a normality of 0 001. Under these condi- 
tions the pH of the solutions remained unchanged 
throughout the duration of the runs The results 
are shorni in Fig. 2. The line best fitting the points 
was determined visually and the slope of the line 


was calplated to be -67X10’. From the classical 
Arrhenius equation and the value obtained for the 
slope in Fig. 2, the activation energj' was calculated 
to be roughly 31,000 calories. Although only three 
runs were made at 5-degree intervals the activation 
energy agreed well with the average value of 32,800 
calories reported by Saeman (11) 

It is not possible at this stage of the investigation 
to employ the decomposition data at elevated temp- 
erature for predicting the stability of glucose solu- 
tions at room temperature. The results obtained 
in preliminary experiments at temperatures below 
100° were erratic and the autocatalysis ruled out the 
possibility of obtaining a specific reaction rate that 
would remain constant over extended periods of 
time. 


SUMMARY AND CONCLUSIONS 

1. The rate of formation of 5 -HjMF was used 
to obtain information concerning the effect of 
various conditions upon the rate of decomposi- 
tion of glucose solution e.xposed to high tempera- 
tures. 

2. The results at 100° showed an inverse 
relationship between the rate of decomposition 
and the concentration of glucose This would 
indicate that perhaps greater stability of the so- 
lution could be achieved by increasing the glucose 
concentration. 

3. The conversion of glucose to 5-HMF is 
subject to genera] acid-base catal3^sis as indicated 
by the increase in the rate of decomposition with 
increasing concentrations of buffer ions when 
hydrogen ion concentration is held constant. 
Therefore, the catalytic effect of ions other than 
hydrogen must also be considered when preparing 
buffered glucose solutions. 

4. The energy of activation for the conversion 
of glucose to 5-HMF was found to be approxi- 
mately 31,000 calories. 

5. Further studies on autocatalj'sis and sol- 
vent effects in the conversion of glucose to 5- 
HMF are underwaj’^ and will be reported at a 
later time. 
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Evaluation of Suspensions 
Using Electrokinetic Measurements* 

By G. L. STANKOt and H. G. DeKAY 


The need for methods of evaluating and pre- 
dicting the stability of suspensions has been 
recognized. The factors of pH and viscosity 
do not enable the investigator to predict and 
evaluate a series of suspensions. Electroki- 
netic factors appear to be of value as these 
measurements seem to indicate the stability of 
a suspension. 

TVTinety per cent of the drugs used at the 
^ present time did not exist ten years ago 
(1). A great majority of these new drugs are 
s)mthetic chemicals possessing characteristics 
that often make it difficult to formulate a stable 
suspension. There is also a wide choice of sur- 
face active agents, emulsifying agents, flavoring 
agents, suspending agents, and preservatives 
that increases the compounding problem. There- 
fore, with the large number of potential formulas 
to be considered, a need arises for screening meas- 
urements to indicate the stability of the product. 
These measurements would make it possible to 
determine more rapidly and discard the unstable 
formulas early in the formulation study. 

The methods generally used for the evalua- 
tion of a pharmaceutical suspension have been 
measurement of viscosity (2), pH (3), sedimenta- 
tion (4), and particle size (5). Other approaches 
to the problem have included the use of a shaking 
machine (6) and a sedimentation-kymograph (7). 
These studies indicate the suspending ability of 
a substance for a drug, but do not predict whether 
agglomeration or caking will occur. In nearly 
all suspensions, some sedimentation will take 
place, but the important aspect is whether the 
sediment can be easily and uniformly resus- 
pended. Thus, there seems to be a need for a 
method of more quantitatively determining the 
optimum pH, suspending, and wetting agents 
so that the most compatible formula can be 
obtained. 

A few reports in the literature have contained 
references to the electrostatic properties of a sus- 
pension (8-11). Incompatibilities were thought 
to be due to the opposite charges of ions and sus- 
pending agent. This aspect of pharmaceutical 
suspensions has not been very intensely investi- 
gated, although it has indications of being an 
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important factor in determining the stability of 
a suspension. 

The investigation of the stability of carbon in 
soap solutions resulted in the conclusion that 
zeta potential was a principal factor in producing 
a stable suspension (12). The effect of different 
electrolytes on a vanadium pentoxide sol and a 
chromium hydroxide sol was measured. When 
the electrokinetic potential fell below a certain 
point, the sols became unstable (13). The sus- 
pendability of various detergents for a manganese 
dioxide sol was studied. It was concluded that 
the magnitude of the zeta potential on the par- 
ticles was the dominant variable in determining 
whether or not a stable suspension was obtained 
(14). In these studies of nonpharmaceutical 
suspensions, the electrokinetic factors have been 
shown to be of fundamental importance; there- 
fore, it is the purpose of this paper to consider 
electrokinetic factors as a method of evaluating 
and predicting the stability of a pharmaceutical 
suspension. 

EXPERIMENTAL 

Suspensions of sulfaraerazine in 5% concentra- 
tion were prepared with the following suspending 
agents; methylcellulose, 4000 c. p. s. and 25 c. p. s; 
sodium carboxymethylcellulose medium and high 
viseosities; and sodium alginate. The suspending 
agents were used in 1% concentrations and all were 
preserved with 0.1% methyl parahydroxjhenzoate. 
Each suspension was prepared with a mortar and 
pestle, then passed through a hand homogenizer. 
One hundred milliliters of each suspension was 
placed in a graduated cylinder for sedimentation 
observations, and the balance divided into four- 
ounce preseription bottles. These portions were 
used for the various periodic measurements in order 
to have an undisturbed sample. All suspensions 
were stored at room temperature on the laboratory 
desk. 

Each suspension was observed for sedimentation, 
static and dynamic, pH, viscosity, and electrokinetic 
properties. The pH was measured witli a line 
operated Beckman meter and a Hoeppler viscosim- 
eter was used to measure the viscosit}^. The 
temperature of the suspension was held at 20 
± 0.2° during the viscosity measurement by means 
of a circulating water bath. 

The two types of sedimentation studies were 
made in an attempt to determine the amount of 
settling and whether agglomeration was taking 
place. For the amount of settling, a 100-ml. 
graduated cylinder was filled to the mark with the 
suspension and sealed. These were then observed 
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for settling. A djMiamic sedimentation test was 
similar to the method described bj' Daniels, el al. 
(15). Ten milliliters of throughlj' redispersed sus- 
pension was diluted to 350 ml. with distilled water. 
An aluminum disk was suspended in the dilute sus- 
pension and a 5-mg. weight added to the 
balance. When the pointer returned to zero, the 
time was noted and another 5-mg. weight added. 
This was continued until a definite trend was es- 
tablished as the interest was only in the larger 
particles. 

The electrokinetic properties were studied by 
measuring the zeta potential and critical potential. 
Zeta potential was calculated from the following 
formula (16): 

Z= (4XirX>)X ii)/D 

For the conductance measurement, a Kohlrausch 
tj'pe slide wire was used with an oscillograph to 
indicate the null point. The rate of movement of 
the particles was measured in a microelectrophoresis 
cell (17). Two hundred and twenty-five volts were 
imposed across the cell and the time of particle 
travel was measured with an electric timer measur- 
ing to tlie 0.1 second. Ten readings were taken, 
five in each direction, at the lower 21% level and 
averaged to obtain the particle rate of travel. 



TIJME— SECONDS 

Fig. 1. — -Sedimentation rate of 5% sulfamerazine. 
— A — methyl cellulose 25 c.p.s. ; — O — -methyl cellu- 
lose 4000 c.p.s.; — — — ^CMC — -medium viscosity. 



Fig. 2. — Sedimentation rate of 5% sulfamerazine. 
— CMC — high viscosity, sodium algi- 
nate. 


RESULTS 

The sedimentation observations indicated that 
some marked changes had taken place. At the end 
of two months the methjd cellulose 4000 c. p. s. 
suspension had a cloudj'^ supernatant las-er with a 
caked sediment to the 7-ml. mark. This sediment 
could be redispersed with difficult}'. A translucent 
zone above the 7-ml. mark was noted in the methyl 
cellulose 25 c. p. s. suspension. The sediment that 
rose to the 7-ml. mark could not be redispersed and 
had to be dug out of the graduate. Although the 
sodium alginate suspension settled to the 22-ml. 
mark, this sediment was easih' and uniformly 
redispersed with no apparent caking. A sediment 
rising to the 10-ml. mark with a translucent super- 
natant layer was observed with the sodium car- 
boxymethylcellulose medium viscosity suspension. 
However, this sediment was redispersed with slight 
shaking and no caking was apparent. No definite 
layer of powder could be noted wdth the carboxy- 
methylcellulose high viscosity suspension, but there 
was a clear zone of supernatant liquid down to the 
95-ml. mark. The suspension was easily resus- 
pended with no apparent caking. 

The rate of sedimentation test shows graphically 
what had taken place in the cylindrical graduates. 
Each suspension was thoroughly shaken to redi- 
sperse any sediment before a sample was removed. 
The methyl cellulose 25 c. p. s. suspension had caked 
severely and also had a large increase in the rate of 
sedimentation as shown in Fig. 1. Line A is the 
initial test and line B was determined four weeks 
later. Figure 1 also illustrates the caking that had 
taken place in the methyl cellulose 4000 c. p. s. 
suspension. A moderate amount of agglomeration 
had already taken place. The sedimentation rate 
of the sodium carboxymethylcellulose medium vis- 
cosity suspension also indicated the beginning of 
agglomeration (Fig. 1), while the high viscosity 
sodium carboxymetliylcellulose suspension showed 
practically no change in sedimentation rate (Fig. 
2). The sodium alginate suspension also remained 
uniformly dispersed as illustrated in Fig. 2. 

These observations show that these suspensions 
greatly var}'. The measurements of pH viscosity 
are shown in Tables I and II. 


TABL.B I.~pH Observations 



Initial 

Two 

Weeks 

Four 

Weeks 

Methyl Cellulose, 25 c. p. s. 

5.9 

6.2 

5. S 

Methyl Cellulose, 4000 c. p. s. 

5.3 

5.5 

0.6 

Sodium Carboxymethyl- 
cellulose 

Medium viscosity 

6.7 

6.8 

6.0 

High viscosity 

6.3 

6.5 

6.3 

Sodium Alginate 

5.9 

6.0 

5.7 


With the exception of an unexplained decrease 
in viscosity of the high viscosity sodium carboxy- 
methylcellulose suspension, the measurements of 
pH and viscosity did not indicate that any changes 
were taking place in the suspensions. This would 
seem to indicate that these factors do not predict the 
stability of a suspension. 
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Table II. — ^TscosITY Observations, c. p. s. 




One 

Two 

Four 

Seven 


Initial 

Week 

Weeks 

Weeks 

Weeks 

ilethyl Cellulose, 25 c. p. s. 

7 

7 

7 

7 

7 

Methyl Cellulose, 4000 c. p. s. 

163 

159 

165 

161 

168 

Sodium Carboxymethylcellulose 






Medium viscosity 

38 

39 

37 

37 

36 

High viscosity 

264 

222 

222 

181 

174 

Sodium Alginate 

40 

40 

40 

39 

39 

Table III. 

— Zeta Potential Measurements 






Zeta Potential, mv. 




One 

Two Three 

Five 

Seven 

Suspending Agent 

Initial 

Week 

Weeks Weeks 

Weeks 

Weeks 

Methyl Cellulose, 25 c. p, s. 

39 

9 

20 19 

21 

24 

Methyl Cellulose, 4000 c. p. s. 

7 

16 

8 5 

7 

5 

Sodium Carboxymethylcellulose 






Medium viscosity 

1.33 

174 

157 104 

124 

113 

High viscosity 

80 

142 

116 201 

139 

142 

Sodium Alginate 

119 

141 

123 142 

155 

126 


Tlie electrokinetic factors were studied by meas- 
uring the zeta potential and critical potential. 
Each measurement was from an aged, undisturbed 
portion of the original suspension. Table III pre- 
sents the zeta potentials observed. 



Fig. 3. — Critical potential of 5% sulfamerazine in 
sodium alginate 1%. 
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Fig. 4. — Zeta potential of 5% sulfamerazine in 
various concentrations of sodium alginate. 


Critical potential is considered that zeta potential 
at which flocculation of the suspension occurs. It 
is not necessary to reduce the zeta potential to zero 
to obtain flocculation. As all of the suspensions 
in this study had negative charges, the addition of 
a highly positive ion could flocculate the suspension. 
An ion of this type was found in benzalfconiura 
chloride and was used as the 12.8% solution. The 
zeta potential was measured in the usual manner, 
but the benzalkonium chloride was added before the 
suspension was diluted to the measuring volume. 
The effect is revealed in Fig. 3. The zeta potential 
decreased steadily with increasing amounts of ben- 
zalkonium chloride until flocculation took place. 
This point was very apparent as the suspension 
clumped togetlier in large aggregates and settled 
rapidly. Flocculation took place at about 29 milli- 
volts, which left a slight charge remaining on the 
particle. Thus the critical potential of the sodium 
alginate suspension was cosidered as 29 millivolts. 
The other suspensions were not measured for criti- 
cal potential at this time. 

The effect of various percentages of suspending 
agent on the zeta potential was measured by pre- 
paring a scries of 5%-sulf3merazine suspensions with 
0 . 5 %, 1 . 0 %, 1 . 5 %, 2 . 0 %, and 2.5% sodium algin- 
ate. The viscosities and zeta potentials were 
measured in the usual manner. The results are 
shoivn in Fig. 4. The peak potential was obtained 
at 1.5% sodium alginate, but a range of 1.25% to 
1.75% would still be near the peak potential. The 
viscosity in this range varied from 120 to 340 c. p. s., 
so zeta potential measurements may be an aid in 
choosing the most favorable concentration of sus- 
pending agent. 


DISCUSSION 

This work was performed to attempt to develop 
methods of evaluating and predicting the stability 
of a suspension. Previous reports in the literature 
mention that the measurements of pH and viscosity 
do not always indicate whether a particular suspen- 
sion will or will not be stable. The measurements 
of pH and viscosity with these suspensions settled 
and caked without any change in these factors. 
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Electrokinetic factors, such as zeta potential and 
critical potential, seem to offer a method of evaluat- 
ing and predicting the stability of a suspension. 
MOien the sulfamerazine suspensions were initially 
measured, the methyl cellulose preparations were 
much lower in zeta potential than the other suspen- 
sions These suspensions settled and caked. The 
sodium carboxymethylcellulose medium viscosity 
suspension showed a decline in zeta potential and 
also an increase in the rate of sedimentation. By 
being able to discard immediately potentially un- 
stable suspensions, as the methyl cellulose group, 
and being able to compare the suspensions during 
aging, as the sodium carboxymethylcellulose sus- 
pensions, the measurement of zeta potential appears 
to be of value in predicting and evaluating a series 
of suspensions. 

It was shown that a stable suspension can be 
flocculated when the zeta potential is lowered below 
a critical level This factor would be of value after 
the basic formula is chosen and other ingredients 
such as preservatives, d 3 ’es, and flavoring agents 
are to be added These substances can adversely 
affect the stabihtj’- and a consideration of the criti- 
cal potential would offer a method of determining 
the most compatible combination to use Also, 
the concentration of the suspending agent could 
be chosen by electrokinetic measurements 

The study of these factors proposes a method of 
screening and evaluating a series of suspensions so 


that tlie most stable preparation can be found. The 
other factors of pH and viscosity could be adjusted 
in relation to the electrokinetic factors Therefore, 
if each suspension is an individual problem, sufficient 
measurements are needed to evaluate and compare 
various formulas 
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A Simplified Graphic Method for the Preparation of 

Isotonic Solutions* 

By E. ROY HAMMARLUNDf and KAJ PEDERSEN-BJERGAARDJ 


A new simplified graphic method for the ad- 
justment of isotonic solutions is presented. 
The use of this method replaces many of the 
arithmetical calculations which are usually 
necessary with other methods of adjustment. 
The amount of NaCl that is required to be 
added to each solution can be quickly and 
accurately determined for all concentrations. 
A revised table of NaCl equivalents for 332 
different medicinal substances which are 
usually used in the preparation of isotonic 
solutions is presented. The table is more 
complete than previously used tables and 
it gives the NaCl equivalents at various 
concentrations. 
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^ I ’he use of isotonic solutions has increased 
markedly in the last few years Many 
methods have been proposed for ealculatmg the 
amount of NaCl, or other substance, that must be 
added to a hypotonic solution to make it isotonic 
with blood and tears. Most of these methods 
make use of some type of NaCl equivalent which 
is a comparison of the osmotic effect of a solution 
of a medicinal substance to that of NaCl. 

There are numerous tables of NaCl equivalents 
in the various pharmaceutical texts ; but unfor- 
tunately, there are some discrepancies in these 
tables; depending upon the method of calcula- 
tion for each substance, the freezing point used, 
and upon whether the values were theoretical or 
experimentally determined. Since these discrep- 
ancies exist in the presently used tables of NaCl 
equivalents, the purpose of this study is to inves- 
tigate some of the eolligative properties of all 
drugs whose aqueous solutions are used in col- 
lyria, collunaria, injections, or in other contact 
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Table II. — I'iscosity Observations, c. p. s. 


Methyl Cellulose, 25 c. p, s. 

Methj'l Cellulose, 4000 c. p. s. 
Sodium Carboxymethylcellulose 
Medium vdscosity 

High viscosity 

Sodium Alginate 

Initial 

7 

103 

38 

264 

40 

One 

Week 

7 

159 

39 
222 

40 

Two 

Weeks 

7 

1G5 

37 

222 

40 


Four 

Weeks 

7 

161 

37 

181 

39 

Seven 

Weeks 

7 

168 

36 

174 

39 

Table III. 

— -Zeta Potential Measurements 



Suspending Agent 

Initial 

One 

Week 

Zeta Potential, mv. 

Two Three Five 

Weeks Weeks Weeks 

Seven 

Weeks 

Methyl Cellulose, 25 c. p. s. 

39 

9 

20 

19 

21 

24 

Methyl Cellulose, 4000 c. p. s. 

7 

16 

8 

5 

7 

5 

Sodium Carboxymethylcellulose 
Medium viscosity 

133 

174 

157 

104 

124 

113 

High viscosity 

80 

142 

110 

201 

139 

142 

Sodium Alginate 

119 

141 

123 

142 

155 

126 


The electrokinetic factors were studied by meas- 
uring the zeta potential and critical potential. 
Each measurement was from an aged, undisturbed 
portion of the original suspension. Table III pre- 
sents the zeta potentials observed. 



Fig. 3. — Critical potential of 5% sulfamcrazinc in 
sodium alginate 1%. 
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Fig. 4. — Zeta potential of 5% sulfamerazine in 
various concentrations of sodium alginate. 


Critical potential is considered that zeta potential 
at which flocculation of the suspension occurs. It 
is not necessary to reduce the zeta potential to zero 
to obtain flocculation. As all of the suspensions 
in this study had negative charges, the addition of 
a highly positive ion could flocculate the suspension. 
An ion of this type was found in benzalkonium 
cliloride and was used as the 12.8% solution. The 
zeta potential was measured in the usual manner, 
but the benzalkonium chloride was added before the 
suspension was diluted to the measuring volume. 
The effect is revealed in Fig. 3. The zeta potential 
decreased steadily with increasing amounts of ben- 
zalkonium chloride until flocculation took place. 
This point was very apparent as the suspension 
clumped togetlier in large aggregates and settled 
rapidly. Flocculation took place at about 29 milli- 
volts, which left a slight charge remaining on the 
particle. Thus the critical potential of the sodium 
alginate suspension was cosidered as 29 millivolts. 
The other suspensions were not measured for criti- 
cal potential at this time. 

The effect of various percentages of suspending 
agent on the zeta potential was measured by pre- 
paring a series of 5%-sulfamerazine suspensions with 
0.5%, 1.0%, 1.5%, 2.0%, and 2.5% sodium algin- 
ate. The viscosities and zeta potentials were 
measured in the usual manner. The results are 
shown in Fig. 4. The peak potential was obtained 
at 1.5% sodium alginate, but a range of 1.25% to 
1.75% would still be near the peak potential. The 
viscosity in this range varied from 120 to 340 c. p. s., 
so zeta potential measurements may be an aid in 
clioosing the most favorable concentration of sus- 
pending agent. 


DISCUSSION 

This work was performed to attempt to develop 
methods of evaluating and predicting the stability 
of a suspension. Previous reports in the literature 
mention that the measurements of pH and viscosity 
do not always indicate w'hether a particular suspen- 
sion will or will not be stable. The measurements 
of pH and viscosity with these suspensions settled 
and caked without any change in these factors. 
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Electrokinetic factors, such as zcta potential and 
critical potential, seem to offer a method of evaluat- 
ing and predicting the stability of a suspension. 
When the sulfamerazine suspensions were initially 
measured, the methyl cellulose preparations were 
much lower in zeta potential than the other suspen- 
sions These suspensions settled and caked. The 
sodium carboxymethylcellulose medium viscosity 
suspension showed a decline in zeta potential and 
also an increase in the rate of sedimentation. By 
being able to discard immediately potentially un- 
stable suspensions, as the methyl cellulose group, 
and being able to compare the suspensions during 
aging, as the sodium carboxymethylcellulose sus- 
pensions, the measurement of zeta potential appears 
to be of value in predicting and evaluating a series 
of suspensions. 

It was shown that a stable suspension can be 
flocculated when the zeta potential is lowered below 
a critical level. This factor would be of value after 
the basic formula is chosen and other ingredients 
such as preservatives, dyes, and flavoring agents 
are to be added These substances can adversely 
affect the stability and a consideration of the criti- 
cal potential would offer a method of determining 
the most compatible combination to use. Also, 
the concentration of the suspending agent could 
be chosen b 3 ’ electrokinetic measurements. 

The study of these factors proposes a method of 
screening and evaluating a series of suspensions so 


that the most stable preparation can be found. The 
other factors of pH and viscosity could be adjusted 
in relation to the electrokinetic factors. Therefore, 
if each suspension is an individual problem, sufficient 
measurements are needed to evaluate and compare 
various formulas. 
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A new simplified graphic method for the ad- 
justment of isotonic solutions is presented. 
The use of this method replaces many of the 
arithmetical calculations which are usually 
necessary with other methods of adjustment. 
The amount of NaCl that is required to be 
added to each solution can he quickly and 
accurately determined for all concentrations. 
A revised table of NaCl equivalents for 332 
different medicinal substances which are 
usually used in the preparation of isotonic 
solutions is presented. The table is more 
complete than previously used tables and 
it gives the NaCl equivalents at various 
concentrations. 
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' I 'he use of isotonic solutions has increased 
markedly in the last few years. Many 
methods have been proposed for calculating the 
amount of NaCl, or other substance, that must be 
added to a hypotonic solution to make it isotonic 
with blood and tears. Most of these methods 
make use of some type of NaCl equivalent which 
is a comparison of the osmotic effect of a solution 
of a medicinal substance to that of NaCl. 

There are numerous tables of NaCl equivalents 
in the various pharmaceutical texts ; but unfor- 
tunately, there are some discrepancies in these 
tables; depending upon the method of calcula- 
tion for each substance, the freezing point used, 
and upon whether the values were theoretical or 
experimentally determined. Since these discrep- 
ancies exist in the presently used tables of NaCl 
equivalents, the purpose of this study is to inves- 
tigate some of the colHgative properties of all 
drugs whose aqueous solutions are used in col- 
lyria, collunaria, injections, or in other contact 
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with tissues; and to present the data both as a 
complete table of NaCl equivalents at various 
concentrations, and as a new, simplified graphic 
method of isotonicity adjustment. The sub- 
stances tested were of U. S. P. or N. F. grade of 
purity or better, such as reagent grade, chemically 
pure, or at whatever grade of purity each spe- 
cialty is marketed. 

EXPERIMENTAL METHODS AND RESULTS 

Pedersen-Bjergaard and co-workers (1-3) have 
previously reported the freezing point depressions 
of solutions of many medicinal compounds which 
were calculated from vapor pressure measurements 
using Baldes' modification (4) of Hill’s thermo- 
electric method (5), or which were determined 
directly by means of a Beckman thermometer. 
The freezing point measurements were corrected for 
the amount of disengaged ice and —0.52° was found 
to be the freezing point of blood, tears, and of 0,9% 
NaCl solution (6, 7). The freezing point depression 
for various concentrations of 332 drugs has been 
determined using the method corrected for disen- 
gaged ice. Since all freezing point measurements 
of the drugs under study were made in comparison 
to those of a 0.9% NaCl solution, the data that are 
presented give solutions that are isotonic with 
normal saline solution and hence, also isotonic with 
blood and tears. 

The data were initially plotted as freezing point 
depression vs. concentration of drug and the graph 
included a mirrored NaCl curve (1). A series of 
concentrations of each substance was selected and 
from the mirrored NaCl curve was obtained the 
amount of NaCl that is required to make each of 
these concentrations isotonic. The amount of 
NaCl required was plotted against the concentra- 
tion of each substance in question and a new simpli- 
fied graph of the type suggested by Baggesgaard- 
Rasmussen and Jerslev (8) was draivn for each of 
the medicinal substances. In this method the con- 
centration of the substances to be made isotonic (in 
Gm./lOO cc. or gr./fl. oz.) is plotted as the abscissa 
of a graph and the grams of NaCl required per 100 
cc. of solution or grains NaCl per fluid ounce is 
plotted as the ordinate. The use of the graphs 
makes it possible for one to determine rapidly the 
approximate amount of NaCl for adjustment to 
isotonicity for all possible concentrations even 
though a NaCl equivalent may not be available for 
that particular concentration of drug. The fact 
that some of the graphs are curved lines shows that 
the freezing point depression is not always directly 
proportional to the amount of solute. Therefore, it 
is sometimes undesirable to use only a single NaCl 
equivalent for all concentrations as has been pre- 
sented in previous tables, and a graph is a convenient 
method for obtaining the actual NaCl equivalency 
of a substance at all concentrations. The use of 
this graphic method has been shown to give suffi- 
ciently accurate results (9). The graphic methods 
of use are as follows : 

Solutions of a Single Compound. — The concen- 
tration of the medicinal compound, expressed in 
percentage (Gm./lOO cc. solution), is sought along 
the abscissa of the graph.' One moves vertically 


up the line of the proper concentration until it 
intersects the medicament curve and then moves 
either right or left to the ordinate and obtains the 
value of NaCl to be added in Gm./lOO cc. or grains/ 
fluid ounce of total solution. For the adjustment 


Procfltne HCI USP 



Figure 1 


Zinc Chloride NF 



Figure 2 


Bone Acid USP 



Figure 3 


of solutions containing silver ions which are incom- 
patible with NaCl, tlie graph designates the amount 
of sodium nitrate to add. Likewise, sodium sulfate 
should be used for the adjustment of butacaine sul- 
fate solutions. 

Example 1 

Procaine HCI 0.3 Gm. 

Distilled HjO q. s. ad 30.0 cc. 

M. Ft. Isotonic Solution 

Start from the point on the abscissa corresponding 
to the concentration of the medicament, 1%; now 
travel vertically until this concentration cuts the 
medicament curve; then travel horizontally either 
left or right depending upon which system of weights 
is being used. The intersection at the left border 
is at 0.69 Gm. NaCl/100 cc. of solution. Then, 


* A booklet which contains the necessary individual graphs 
to be used for the simplified graphic method of isotonicity 
adjustment of solutions is being distributed by the authors, 
free of charge. 
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0.3 X 0.G9 Gm. = 0.21 Gm. NaCl for the 30 cc. 
The interseetion at the right border is at 3.2 
grains NaCl/fluid ounee wliicli is required to make 
tlie prescription isotonic. 

Tliis amount of NaCl in Gm. (or grains) which 
was found to be required can be converted easilj’^ to 
the equivalent number of cc. (or minims) of normal 
saline solution or any isotonic buffer solution by 
multiplying the Gm. (or grains) of NaCl needed 
by 111.1 (or 117.6) and obtaining the volume in cc. 
(or minims) of isotonic solution to add and then 
g. s. to the final volume with distilled water. This 
procedure enables one to use previously prepared 
buffered diluting solutions along with the simplified 
graphical method and requires only one simple arith- 
metical operation with a pencil and paper. For 
example, in the above prescription of Procaine 
HCl: 0.21 Gm. NaCl is required to make the 30 cc. 
isotonic and one wishes to use normal saline solu- 
tion instead of granular NaCl for adjustment; 
0.21 X 111.1 = 23.3 cc. normal saline solution (or 
any isotonic solution) to add; then g. s. from this 
volume up to 30 cc. with distilled water and the 
resulting solution will be isotonic. 

Solutions Containing More Than One Compound. 
— If a solution contains two or more («) medicinal 
compounds, the amounts of NaCl to be added in 
order to make each individual compound in the 
prescribed concentration isotonic are determined in 
the same manner as described before. In the metric 
system the sum (5) of the required amounts of 
NaCl (as determined from the individual graphs 
of (ji) numbers of ingredients) — minus one less 
than the total number of ingredients (« — 1) — 
times 0.9 gives the Gm. NaCl which render the 
prescribed 100 cc. of solution approximately isotonic 
with blood and tears, i. e., 5 — [(« — 1) X 0.9J = 
Gm. NaCl required to make 100 cc. solution of 
(n) ingredients isotonic with blood and tears. This 
amount then may be converted to the corresponding 
amount of NaCl for the required volume of the pre- 
scription if it is different from 100 cc. In the 
apothecary system, the sum (5) of the determined 
amounts of NaCl in grains/fluid ounce minus 
[(n — 1) X 4.1] gives the grains of NaCl which 
renders one fluid ounce of the solution isotonic. If 
the result of the subtraction is a negative figure, 
however, it means the solution is already hyper- 
tonic and that no more NaCl should be added. 


Example 2 

Zinc Chloride gr. i 

Boric Acid gr. v 

Distd. Water, g. s. ad fl. g 

M. Ft. Isotonic with NaCl 

Zinc Chloride, 1 gr/g, is a 0.2% solution. Boric 
Acid, 5 gr./g, is a 1.1% solution. 0.2% Zinc Chlo- 
ride solution requires 3.5 grains NaCl/g,or 0.76 
Gm./lOO cc. 11% Boric Acid solution requires 
1.6 grains NaCl/g , or 0.35 Gm./lOO cc. Therefore, 

3.5 gr/g 0.76 Gm./lOO cc. 

1.6 gr/g 0.35 Gm./lOO cc. 

5. 1 gr. NaCl or, 1 . 11 Gm. NaCl 

is the sum of the two ingredients. Substitute in 
the formula: 5.1 gr. —[(2 — 1) X 4.1 gr.] = 5.1 — 
4.1 = 1.0 gr. NaCl required to be added/fl. g , or, 
1.11 Gm. - 1(2 - 1) X 0.9 Gm.] = 1.11 - 0.9 = 
0 21 Gm. NaCl required/100 cc. solution. For 30 
cc., it is 0.3 X 0.21 Gm. = 0.06 Gm. NaCl/30 cc. 

The required amount of NaCl likewise can be con- 
verted to volume of an 5 ^ isotonic diluting solution 
by multiplying the weight of NaCl in Gm. (or grains) 
by 111.1 (or 117.6) and obtaining the cc. (or minims) 
of isotonic solution to add and then diluting to the 
final volume with distilled water. 

1.0 gr./fluid ounce X 117.6 = 1 18 minims normal 
saline solution to add and then g. r. to g i with water, 
or, 0.06 Gm./30 cc. X 111.1 = 6.7 cc. normal 
saline solution to add and then g. s. to 30 cc. with 
water. 

Table of Sodium Chloride Equivalents. — A re- 
vised table of NaCl equivalents at 1%, 3%, 5% 
concentrations, and at the concentration of iso- 
tonicity has been prepared on the basis of experi- 
mental freezing point determinations and is pre- 
sented in Tables I and II. Table I gives the NaCl 
equivalents for those medicinal substances which 
normally are available to the pharmacist in pure 
chemical form for use in compounding. Table II 
gives the NaCl equivalents for those medicinal sub- 
stances which normally are not available in pure 
chemical form but occur as prepared solutions and 
other specialties. One should use the NaCl equiva- 
lent which represents the concentration nearest to 
the desired concentration of medicinal substance 
used. 


Table I. — Sodium Chloride Equivalents of Drugs Usually Available in Pure Form. 


■Concentration of solution- 


Chemical 

1% 

— NaCl Equivalents — 
3% 

5% 

At Isotonicity 

Acriflavine N. F. 

0.10 

0.09 



Alcohol U. S. P. 

0.65 



o !65(1.39%) 

Alcohol, Dehydrated N. F. 

0.70 



0.70(1.28%) 

Alum (Potassium) N. F. 

0.18 

o ’ i 5 

o ' i 5 

0.14(6.35%) 

Aminophylline U. S. P. 

0.17 




Amiodoxyl Benzoate 

0.20 

o !20 


o !20 (4.42%) 

Ammonium Chloride U. S. P. 

1.12 



1.12(0.8%) 

Amobarbital Sodium U. S. P. 

0.25 

0.25 


0.25 (3.6%) 

Amphetamine Phosphate N. F. 

0.34 

0.27 


0.26 (3.47%) 

Amphetamine Sulfate U. S. P. 

0.22 

0.21 


0.21 (4.23%) 

Amprotropine Phosphate 

0.18 

0.16 

o ! i 5 

Amylcaine HCl 

0.22 

0.19 


6! 18 (4.98%) 

Antimony Potassium Tartrate U. S. P. 

0.18 

0.13 

o!io 


Antipyrine N. F. 

0.17 

0.14 

0.14 

o ! i 3 (6.81%) 
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•Concentration of solution- 


Chemical 

1% 

— NaCI Equivalents- 

3 % 

5% 

At Isotonicity 

Apomorphine HCl U. S. P. 

0.14 

0.24 


0^23 (3.88%) 

Arecoline HBr N. F. 

0.27 


Arsenic Trioxide N. F. 

0.30 




Ascorbic Acid U. S. P. 

0.18 

o'.is 

0 H 8 

0.’ i 8 (5.04%) 

Atropine Sulfate U. S. P. 

0.13 

0.11 

0.11 

0.10(8.85%) 

Aurotliioglucose N. F. 

0.03 

0.03 

0.03 


Bacitracin U. S. P. 

0.05 

0.04 

0.04 


Barbital Sodium N. F. 

0.30 

0.29 


0’.29 (3.12%) 

Benzyl Alcohol N. F. 

0.17 

0.15 


Bismuth Potassium Tartrate N. F. 

0.09 

0 06 

o!65 


Bismuth Sodium Tartrate 

0.13 

0.12 

0.11 

o ! iO (8.91%) 

Boric Acid U. S. P. 

0.50 



0.47(1.9%) 

Butacaine Sulfate N. F. 

0.20 

0.’ i 3 

o!io 

Butethamine Formate 

0 . 2c 

0.21 


o !20(4.56%) 

Caffeine U. S. P. 

0.08 




Caffeine and Sodium Benzoate U. S. P. 

0.26 

o !23 


o !23 (3.92%) 

Caffeine and Sodium Salicylate N. F. 

0.21 

0.17 

o!io 

0.16(5.77%) 

Calcium Aminosalicylate U. S. P. 

0.27 

0.21 


Calcium Chloride U. S. P. 

0.51 



o !53(1.70%) 

Calcium Chloride ( 6 H 2 O) 

0.35 



0.36 (2.5%) 

Calcium Chloride, Anhydrous 

0.68 



0.69(1.3%) 

Calcium Gluconate U. S. P. 

0.16 

0 H 4 


Calcium Lactate N. F. 

0.23 

0.21 


0;20 (4.5%) 

Calcium Levulinate N F. 

0.27 

0.25 


Calcium Pantothenate U. S. P. 

0.18 

0.17 

0.17 

0; i 6(5.5%) 

Chiniofon U. S. P. 

0.13 

0.11 


Chloramine-T N. F. 

0.23 

0.22 


0.'22(4.1%) 

Chlorobutanol (Hydrated) U. S. P. 

0.24 



Chlortetracycline Sulfate 

0.13 

o’.io 



Citric Acid U. S. P. 

0.18 

0.17 

0H6 

0.’ 16 (5. 52%) 

Cocaine HCl U. S. P. 

0.16 

0.15 

0.14 

0.14(6.33%) 

Codeine HCl 

0.15 

0.15 


Codeine Phosphate U. S. P. 

0.14 

0.13 

oils 

o ! i 2(7.29%) 

Cupric Sulfate N. F. 

0.18 

0.16 

0.14 

0.13(6.85%) 

Cupric Sulfate, Anhydrous 

0.27 

0.23 


0.22 (4.09%) 

Dextroamphetamine Phosphate 

0.25 

0.25 


0.25(3.62%) 

Dextrose U.S. P. 

0.16 

0.16 

0H6 

0.16(5.51%) 

Dextrose, Anhydrous 

0.18 

0.18 


0.18(5.05%) 

Dibucaine HCl U. S. P. 

0.13 

0.11 

o!6s 

Dihydrostreptomycin Sulfate U. S. P, 

0.06 

0.05 

0.05 

o ’65(19.4%) 

Emetine HCl U. S. P. 

0.10 

0.10 

0.10 


Ephedrine HCl N. F. 

0.30 

0.28 

o’.28(3.2%) 

Ephedrine Sulfate U. S. P. 

0.23 

0.20 


0.20 (4.54%) 

Epinephrine Bitartrate U. S. P. 

0.18 

0.16 

o ’ 16 

0.16 (5.7%) 

Ergonovine Maleate U. S. P. 

0.16 



Ethaverine HCl 

0.12 




Ethylenediamine 

0.44 




Ethylhydrocupreine HCl 

0.17 

o!ii 

o.'oo 


Ethylmorphine HCl U. S. P. 

0.16 

0.15 

0.15 

o! is (6. 18%) 

Ferric Ammonium Citrate, Green N. F. 

0.17 

0.15 

0.14 


Ferrous Gluconate U. S. P. 

0.15 

0.12 

0.11 


Ferrous Lactate 

Fluorescein Sodium U. S. P. 

0.21 

0.31 

0.27 

0^27 (3.34%) 

D-Fructose 

0.18 

0.18 


0.18(5.05%) 

Galactose 

0.18 

0.18 


0.18 (4.92%) 

D-Glucuronic Acid 

L-Glutamic Acid 

0.20 

0.25 

0.19 


Glycerin U. S. P. 

0.35 



o!35(2.6%) 

Guanidine HCl 

0.65 



0.61(1.47%) 

Heparin Sodium U. S. P. 

0.08 

0.07 

0.07 


Hippuran® 

0.16 

0.15 

0.15 

0.' i 6(5.92%) 

Holocaine® HCl 

0.20 



Homatropine HBr U. S. P. 

0.17 

0.16 

o ! i 6 

o!i6(5.67%) 

Homatropine Methylbromide U. S. P. 

0.19 

0.15 

0.13 

Hydrastine HCl 

0.15 

0.12 

0.11 


Hydroxyquinoline Sulfate 

0.21 

0.14 

0.12 


Hyoscyamine HBr N. F. 

0.19 

0.16 

0.14 


Hyoscyamine Sulfate N. F. 

0.14 

0.12 

0.11 


fntracaine HCl 

0.23 

0.20 


0.18 (4.97%) 

Isoniazid U. S. P. 

0.25 

0.22 


0.21 (4.35%) 
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Table I — {Continned) 




Concentration 

— NaCI Equivalents 

of 

solution — 


Chemical 

1% 

3% 

0 

% 

At Isotonicity 

Lactic Acid U. S. P. 

0.41 




0.39 (2.3%) 

Lactose U. S. P. 

0.07 

oios 

0 

09 

0.09(9.75%) 

Magnesium Chloride 

0.45 




0.45 (2.02%) 

Magnesium Sulfate U. S. P. 

0.17 

o!i5 

0 

is 

0.14 (6.3%) 

Mannitol N. F. 

0.17 

0.17 

0 

18 

0.18(5.07%) 

Menadione Sodium Bisulfite U. S. P. 

0.20 

0.18 

0 

IS 

0.18(5.07%) 

Meperidine HCl U. S. P. 

0.22 

0.20 



0.19 (4.80%) 

Mephenesin N. F. 

0.19 

OHl 




Merbromin N. F. 

0.14 

0 

09 


Mercuric Cyanide 

0.15 

0.14 

0 

13 


Mercury Bichloride U. S. P. 

0.13 

0.12 

0 

10 


Methacholine Chloride U. S. P. 

0.32 




o!2S(3.21%) 

Methadone HCl U.S. P. 

0.18 

o’.k 

0 

i2 

0.10 (8.59%) 

Metliamphetamine HCl U. S. P. 

0.37 

0’24 



0.33 (2.75%) 

Methenamine U. S. P. 

0.23 



0.25 (3.68%) 

Methionine N. F. 

0.28 





Methylatropine Bromide 

0.14 

o.is 

0 

i3 

6h3(7.03%) 

Monoethanolamine N. F. 

0.53 




0.51(1.76%) 

Morphine HCl U. S. P. 

0.15 

0.i4 




Morphine Nitrate 

0.19 

0.15 




Morphine Sulfate U. S. P. 

0.14 

0.11 

0 

09 


Narcotine HCl 

0.10 

0.08 

0 

08 


Neomycin Sulfate U. S. P. 

0.11 

0.09 

0 

06 


Nicotinamide U. S. P. 

0.26 

0.21 



0.20 (4.49%) 

Nicotinic Acid U. S. P. 

0.25 





"Panthesine” 

0.18 

0.15 




Papaverine HCl U. S. P. 

0.10 





Potassium Penicillin G U. S. P. 

0.18 

o’.k 

0 

16 

O’.ie (5.48%) 

Sodium Penicillin G U. S. P. 

0.18 

0.16 

0 

16 

Pentobarbital Sodium U. S. P. 

0.25 

0.23 




Pentylenetetrazole U. S. P. 

0.22 

0.19 

0 

io 

o’, is (4.91%) 

Phenindamine Tartrate U. S. P 

0.17 

0.12 


Phenobarbital Sodium U. S. P. 

0.24 

0.23 



o! 23 (3.95%) 

Phenol U. S. P. 

0.35 




0.32 (2.8%) 

Phenylpropanolamine HCl 

0.38 




0.35(2.6%) 

Physostigmine Salicylate U. S. P. 

0.16 

o’ 12 


i2 

0.’i2(7.74%) 

Physostigmine Sulfate 

0.13 

0 

Pilocarpine HCl U.S.P. 

0.24 

0.22 



0.22 (4.08%) 

Pilocarpine Nitrate U. S. P. 

0.23 

0.20 


04 


Polymyxin B Sulfate U. S. P. 

0.09 

0.08 

0 

o’. 48 (1.88%) 

Potassium Chlorate N. F. 

0.49 




Potassium Chloride U. S. P. 

0.76 




0,76(1.19%) 

Potassium Iodide U. S. P. 

0.34 




0.34 (2.59%) 

Potassium Nitrate N. F. 

0.56 




0 56(1.62%) 

Potassium Permanganate U. S. P. 

0.39 




0^43 (2.08%) 

Potassium Phosphate N. F. 

0.46 




Potassium Phosphate, Monobasic 

0.44 




0.41(2.18%) 

Potassium Sulfate 

0.44 




0.43 (2.11%) 

Procainamide HCl U. S. P. 

0.22 

0T9 

0 

17 

0H8(5.05%) 

Procaine HCl U. S. P. 

0.21 

0.19 

0 

18 

Propylene Glycol U. S. P. 

0.45 

0’29 



0.45(2.0%) 

Pyridoxine HCl U. S. P. 

0.37 




Quinidine Sulfate U. S. P. 

0.10 





Quinine Bisulfate N. F. 

0.09 

0^9 



o!is(5.07%) 

Quinine Dihydrochloride N. F. 

0.23 

0.19 

0 

is 

Quinine Hydrochloride U. S. P. 

0.14 

0.11 



0.’ 20 (4.5%) 

Quinine and Urea Hydrochloride N. F. 

0.23 

0.21 



Racephedrine HCl N. F. 

0.31 

0.30 



0.29 (3.07%) 

Resorcinol U. S. P. 

0.28 

0.27 



0.27(3.3%) 

Scopolamine HBr U. S. P. 

0.12 

0.12 

0 

12 

0.11(7.85%) 

Scopolamine Methylnitrate 

0.16 

0.14 

0 

13 

0.13 (6.95%) 

Secobarbital Sodium U. S. P. 

0.24 

0.23 



0.23 (3.9%) 

Silver Nitrate U. S. P. 

0.33 




0.33 (2.74%) 

Mild Silver Protein N. F. 

0.17 

0.17 

0 

i6 

0.16 (5. .51%) 

Strong Silver Protein N.F. 

0.08 

0.05 

0 

04 

Sodium Acetate, Anhydrous 

0.77 




o! 76 (1.18%) 

Sodium Acetate N. F. 

0.46 





Sodium Aminosalicylate U. S. P. 

0.29 

o!2S 

0 


0.’27(3.27%) 

Sodium Antimonyl Tartrate 

0.13 

0.12 

i2 

0.11(7.9%) 

Sodium Arsenate, Dibasic 

0.25 

0.24 



0.24 (3.83%) 

Sodium Ascorbate 

0.33 

0.30 



0.30 (3.0%) 
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Concentration of solution 

•NaCI Equivalents 


Chemical 

1% 

3% 

5% 

At Isotonicity 

Sodium Benzoate U. S. P. 

0.40 



0.40 (2.25%) 

Sodium Bicarbonate U. S. P. 

0.05 



0.65(1.39%) 

Sodium Biphosphate, Anhydrous 

0.40 



0.43 (2.10%) 

Sodium Biphosphate, U.S.P. 

0.40 



0.37(2.45%) 

Sodium Biphosphate ( 2 H 2 O) 

0.30 



0.32(2.77%) 

Sodium Bisulfite U. S. P. 

0.01 



0.60(1.5%) 

Sodium Borate U. S. P. 

0.42 



0.35(2.6%) 

Sodium Bromide U. S. P. 

0.57 



0'.27(3.3%) 

Sodium Cacodylate N. F. 

0.32 

0.28 


Sodium Carbonate, Anhyd. 

0 70 



0.68(1.32%) 

Sodium Carbonate, Monohydrated U. S. P. 

0 00 



0.58(1.56%) 

Sodium Chloride U. S. P. 

1.00 

1 00 

1.00 

1.00(0.9%) 

Sodium Citrate U. S. P. 

0 31 

0.30 


0.30 (3.02%) 

Sodium Hypophosphite N. F. 

0.01 



0 ! 38 (2.37%) 

Sodium Iodide U. S. P. 

0.39 



Sodium Lactate 

0.55 



0.52(1.72%) 

Sodium Metabisulfite 

0.07 



0.65(1.38%) 

Sodium Nitrate 

0.08 



0.66(1.36%) 

Sodium Nitrite U. S, P. 

0.84 



0.83(1.08%) 

Sodium Phosphate Exsiccated, N. F. 

0.53 



0.51(1.75%) 

Sodium Phosphate N. F. 

0.29 

0.27 


0.27(3.33%) 

Sodium Phosphate, Dibasic, ( 2 H 2 O) 

0.42 



0.40(2.23%) 

Sodium Phosphate, Dibasic, (I 2 H 2 O) 

0.22 

0.21 


0.20 (4.45%) 

Sodium Propionate N. F. 

0 01 



0.61(1.47%) 

Sodium Riboflavin Phosphate 

0 08 

0 T 8 



Sodium Salicylate U. S. P. 

0.30 



0^36 (2.53%) 

Sodium Sulfate N. F. 

0.20 

023 


0.23 (3.95%) 

Sodium Sulfate, Anhydrous 

0.58 



0.56(1.61%) 

Exsiccated Sodium Sulfite N. F. 

0.05 




Sodium Thiosulfate N. F. 

0.31 



oisO (2.98%) 

Sorbitol (V 2 H 2 O) 

0.10 

0.10 

0.16 

0.16(5.48%) 

Stibamine Glucoside 

0.14 

0 11 


Streptomycin Sulfate U, S. P. 

0.07 

0.06 

o^oe 


Strychnine HCl 

0.18 




Strychnine Nitrate N. F. 

0.12 




Sucrose U. S. P. 

0.08 

0.09 

0.09 

0! i 0(9.26%) 

Sulfacetamide Sodium U. S. P. 

0.23 

0 23 


0.23(3.85%) 

Sulfadiazine Sodium U. S. P. 

0.24 

0.22 


0.21(4.24%) 

Sulfamerazine Sodium U.S.P. 

0.23 

0.21 


0.20 (4.53%) 

Sulfapyridine Sodium 

0.23 

0.21 


0.20(4.55%) 

Sulfathiazole Sodium N. F. 

0.22 

0.20 


0.19(4.82%) 

Tannic Acid N. F. 

0.03 

0.03 

0.03 


Tartaric Acid N. F. 

0.25 

0.23 


0 ! 23 (3.9%) 

Tetracaine HCIU.S. P. 

0.18 

0.15 

0' l 2 

Tetraethylammonium Bromide 

0.33 

0.28 


0.'28(3.17%) 

Tetraethjdammonium Chloride 

0.34 



0.33(2.67%) 

Theophylline U. S. P. 

0.10 



Thiamine HCl U. S. P. 

0.25 

0.22 


0;21(4.24%) 

Tubocurarine Chloride U. S. P. 

0.13 

0 10 

0.09 

Urea U. S. P. 

0.59 



0.55(1.63%) 

Urethan U. S. P. 

0.31 



0.31(2.93%) 

Viomycin Sulfate 

0.08 

0.07 

0.07 


Zinc Chloride N. F. 

0.61 




Zinc Phenolsulfonate N. F. 

0.18 

o '. 17 

0 17 


Zinc Sulfanilate 

0.21 

0.19 

0.18 


Zinc Sulfate U. S. P. 

0.15 

0.13 

0.12 

0.' l 2(7.65%) 

Zinc Sulfate, Dried 

0.23 

0.21 


0.20 (4.52%) 


Table II. — Sodium Chloride Equivalents of Drugs Not Usually Available in Pure Form 


^Concentration of Solution- 

NaCl Equivalents % 


Chemical 

1 % 

3% 

5% 

At Isotonicity 

Adrenalone HCl 

0.27 

0.22 


0.21(4.24%) 

9-Aminoacridine HCl 

0.17 



Amt-dricaine HCl 

0 24 

o.’is 

0.16 

0.’i6(5.74%) 

Amydricahie Nitrate 

0.19 

0.17 

0.10 

0.16(5.68%) 

Antazoline HCl U. S. P. 

0.23 
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Table II — ( Continued) 


Concentration of Solution- 




— NaCJ Eqmvalents— 

^ 


Chemical 

1% 

3 % 

5 % 

At Isotonicity 

Antazohne Phospbate 

0.20 

0 17 

0 15 


Aranthol® 

0.23 

0 23 


0 23(3 96%) 

Atropine Metliyl Nitrate 

0.18 

0 15 

o' 14 

0 14(6 62%) 

Benoxinate HCl 

0 18 

0 14 



Benzalkonium Chloride U S P 

0 16 

0 14 

0 13 


Benzethoniuni Chloride U S P 

0 05 

0 02 

0 02 


Benzpyrmium Bromide 

0 20 

0 18 

0 17 


Bromodiphephs'dramiiie HCl 

0 17 

0 10 

0 07 


Butetliamme HCl N F 

0 25 




Carbachol U S P. 

0 36 



0 32(2 82%) 

Cetyltrinietli 3 d Ammonium Bromide 

0 09 

o' 09 

0 08 


Chlorcj^clizine HCl U S P. 

0 17 

0 09 

0 07 


Cliloresium® 

0 10 

0 06 

0 05 


Chlorpheniramine Maleate U. S P. 

0 17 

0.12 

0 09 


Chlorpromazine HCl 

0 10 

0 05 

0 03 


Cornecaine® 

0 IS 

0.15 

0 13 

0 12(7 30%) 

Cyclometliycaine Sulfate 

0 13 

0 10 

0 09 


Cyclopen tamine HCl 

0 36 



0 34(2 68%) 

Cj'clopentolate HCl 

0.20 

0 18 

0.17 

. . 

Decametlioniun Bromide 

0.25 

0 20 

0 18 

0 18 (5 0%) 

Dibutoline Sulfate 

0 16 

0 15 

0 14 


Dichlorophenarsme HCl 

0 65 



0 55(1 64%) 

Dicyclomine HCl 

0 IS 

0 17 



Diethjdcarbamazine Citrate 

0 14 

0 14 

0 14 

0 14(6 29%) 

Dihj’^drocodeinone Enolacetate HCl 

0 14 

0.13 

0 12 

0 12 (7 76%) 

Dihydrohydroxycodemone 

0 14 

0 13 

0 13 

0 12(7 4%) 

Dihydromorphinone HCl U. S P 

0 22 

0 17 

0 15 

0 14(6 39%) 

Diphenhydramine HCl U S P. 

0.2S 

0 20 

0 17 


Diphenmethanil Metli 3 'Isulfate 

0.15 




Dip 3 Tone® 

0 19 

0.19 


0 19(4 65%) 

Edrophonium Chloride 

0 31 

0 27 


0 27(3 36%) 

Ephedrine Lactate 

0 26 

0 24 


0 24(3 72%) 

Epinephrine HCl 

0 29 

0 26 


0 26 (3 47%) 

Erythroms’cin Glucoheptonate 

0 07 

0 07 

0 07 


Ethylnorepinephrine HCl 

0 32 

0.28 


0 27(3 32%) 

Evans Blue U.S P 

0.06 

0 05 

0 05 


Ferric Cacodylate N F 

0 09 




Gallamine Triethiodide 

0 08 

0 08 

0 08 


Glucosulfone Sodium 

0 16 

0 13 

0 13 


Glyphylline 

0 12 

0 10 

0 09 

0 08(10 87%) 

Hexamethonium Bromide 

0 22 

0 19 


0 18 (4 99%) 

Hexamethomum Chloride 

0 27 

0 27 


0 27(3 3%) 

Hexobarbital Sodium N. F 

0 26 

0 24 


0 23 (3 88%) 

Hexylcaine HCl 

0 26 

0 22 



Histalog® 

0.51 



0 47(1 91%) 

Histamine Phosphate U S P 

0 25 

0 23 


0 22(4 1%) 

Histidine Monohs'drochloride N F 

0 29 

0 26 



4-Homosulfanilamide HCl 

0 28 

0 25 



Hydralazine HCl 

0 37 




Hydroxyamphetamine HBr U S P 

0 26 

0 25 


0 24(3 71%) 

lodophthalein Sodium U S P. 

0 17 

0 12 

0 11 

0 09(9 58%) 

lodopyracet U. S P. 

0 11 

0 11 

0 10 

0.10(9 21%) 

lodopyracet Diethylamine 

0 12 

0 11 

0 11 

0 10(8 73%) 

Lidocaine HCl N F. 

0 22 

0 21 


0 20 (4 42%) 

Lobeline HCl 

0 16 




Menadione Diphosphate 

0 25 

0 22 



Mephenteramine Sulfate U S P 

0 22 

0 20 


0 19(4 74%) 

Mercaptomerin Sodium U. S P. 

0 IS 

0 IS 

0 18 


Mercurophylline U. S P. 

0 13 

0 10 

0 09 


Mersalyl U. S P. 

0 12 

0 11 

0 10 

0 10(9 06%) 

Methacholine Bromide 

0 28 

0 24 


0.24(3 77%) 

Methantheline Bromide U S P 

0 15 

0 09 

0 07 


Methapyrilene HCl U S P 

0 19 

0 18 

0 17 


Methoxamiue HCl U S P 

0 26 

0 24 


0 24(3 82%) 

Naphazoline HCl N. F 

0 27 

0 24 


0 22(3 99%) 

Naphuride Sodium® 

0 10 

0 10 

0 10 


Neoarsphenamine 

0 40 



0'39(2 32%) 

Neostigmine Bromide U S P. 

0 22 

0 19 



Neostigmine Meth5’lsulfateU S P 

0 20 

0 18 

0 17 

0 17(5 22%) 

Nikethamide U. S P. 

0 18 

0 16 

0 15 

0 15(5 94%) 

Novaldin® 

0 25 

0 20 

0 IS 

0 18(5.0%) 
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Table ll-—(Co}itinued) 


Concentration of solution- 





— NaCI Equivalents s 


Chemical 

1% 

3% 

5% 

At Isotonicity 

Oxopbenarsine HCl U. S. P. 

0.24 

0.24 


0.24 (3.67%) 

Oxytetracycline HCl U. S. P. 

0.13 

0.08 


Pentolinium Tartrate 

0.17 

0.15 

0.15 


Phenarsone Sulfoxylate 

0.33 

0.29 


o'. 29 (3.07%) 

Pheniramine Maleate N. F. 

0.16 

0.14 

o!i3 

Phenylephrine HCl U. S. P. 

0.32 

0.30 


oiso (3.0%) 

Phenylephrine Tartrate 

0.19 

0.16 

o!io 

0.15(5,9%) 
0.33 (2.7%) 

Phenylpropylmethylamine 

0.38 



Piperocaine HCl U. S. P. 

0.21 

o!i9 

o!i7 

Piridocaine HCl 

0.24 




Plaquenil® Phosphate 

0.18 

0.15 

0.13 


Pramoxine HCl 

0.18 

0.15 

0,10 


Probarbital Calcium 

0.25 




Probarbital Sodium N, F. 

0.32 

029 


o;29 (3.1%) 

Promethazine HCl N. F. 

0.18 

0.10 

0.67 

Propoxycaine HCl 

0.19 

0.16 

0.15 


Pyrilamine Maleate U. S. P. 

0.18 

0.11 

0,09 


Quinacrine HCl U. S. P. 

0.18 




Quinacrine Methanesulfonate 

0.11 

OHO 

o!io 


Quinidine Gluconate N. F. 

0.12 

0.10 



Sodium Folate 

0.12 

0.10 



Sodium Ricinoleate 

0.10 

0.09 

o’og 


Sodium Sulfadimidine 

0.21 

0.19 

0.18 


Stibophen U. S. P. 

0.18 

0.16 

0.15 


Streptomj'cin Calcium Chloride Complex 

0.20 

0.19 

0.18 

0.' is (5.0%) 

Streptomycin HCl 

0.17 

0.16 

0.16 

Succinylcholine Chloride U. S. P. 

0.20 

0.20 

0^20 (4.48%) 

Sulfisoxazole Diethanolamine 

0.18 

0.15 



Sympocaine® HCl 

0.18 

0.15 

0.14 


Synkamin® HCl 

0.32 


Synthenate® Tartrate 

0.19 

o!i7 

0H5 


Tetracycline HCl U. S. P. 

Tetrahydrozoline HCl 

0.14 

0.28 

0.10 

0.23 



Thiopental Sodium U. S. P. 

0.27 

0.26 


0.'26 (3.5%) 
0.30 (3.05%) 

Tolazoliue HCl U. S, P. 

0.34 

0.30 


Transentine® HCl 

0.22 

0.15 

0H2 

Tribromoethanol U. S. P, 

0.05 


Trimethaphan Camphorsulfonate 

0.10 

o!69 

oioo 


Tripleunamine HCl U. S. P. 

0.30 

0.20 


Tropacocaine HCl 

0.25 

0.20 


0! is (4.92%) 
0.19(4.62%) 
0.26 (3.4%) 

Tryparsamide U. S. P. 

0.20 

0.20 


Tuamiuoheptane Sulfate N. F. 

0.27 

0.27 


Unan® 

Vinbarbital Sodium 

0.12 

0.26 

0.25 


0.25 (3.55%) 

SUMMARY 
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The Kinetics of Rectal Absorption I."' 

Preliminary Investigations into the Absorption Rate Process 

By SIDNEY RIEGELMAN and WILFRED J. CROWELLf 


The details of a radiological procedure are presented by which it is possible to con- 
duct continuous external detection of the rate of rectal absorption of radio-tagged 
compounds from the specially designed suppository vehicles inserted in the rectal 
passage of a female rat. An analysis of the rate data is presented and a mathematical 
expression is derived which corrects the activity detected by the counter for the ef- 
fect of the diffusion of the drug within the vehicle and for the accumulation of the 
absorbed drug in the scanned volume segment of the animal. Experimental results 
on three radio iodide-131 tagged compounds are presented and appear to confirm 
the resulting pseudo-first order rate equation. 


^ I 'he medicinal use of suppositories dates 
back to the time of Hippocrates in which a 
vehicle consisting of soap and honey was used for 
administering cathartic compounds. Active in- 
terest in this form of medication developed during 
the nineteenth centur}% and since that time, con- 
siderable research has appeared both on indi- 
vidual bases and tlie drugs used therein. From 
studies based on individual drugs, clinicians have 
concluded that suppositories usually result in a 
low rate of drug release and in an erratic rate of 
absorption when compared to oral or other means 
of drug administration. Academic researchers, 
in contrast, have maintained that the rectal 
route possesses certain theoretical physiological 
advantages which should enhance the rate of 
drug absorption over rate obtained by the oral 
route and that it should be utilized to a much 
greater extent in modern therapeutics (1-3). 

Considerable attention has been given in the 
literature to research which has endeavored to 
modify the properties and physical characteris- 
tics of cocoa butter, glycerinated gelatin, poly- 
oxyethylene polymers, and numerous other 
bases. A review of these studies has been pub- 
lished recently by Gross and Becker (4). 

Both in vivo and in vitro procedures have been 
used to characterize the advantages or disadvant- 
ages of proposed formulations and to compare the 
rectal route to other modes of drug administra- 
tion. In vitro studies have been used to evaluate 
the rate of drug release by microbiological agar 
cup methods (5, 6) or by periodically determining 
the amount of drug dissolving in an aqueous 
medium from an immersed suppository (7, 8). 


* Received April 22, 1957, from the School of Pharmacy, 
University of California Medical Center, San Francisco, Calif. 

This paper is based in part on a thesis submitted to the 
Graduate School of the University of California by W. J. 
Crowell in partial fulfillment of the requirements for the de- 
gree of Doctor of Philosophy. 

t Parke. Davis Fellow. Present Address: University of 
Southern California School of Pharmacy, Los Angeles. 


Such studies confirm the postulate that water 
miscible formulations release medicaments at a 
faster rate than oleaginous bases. However, 
the rate differences obtained in these studies 
are of little value in predicting rates of rectal 
absorption since the solution rate process in 
vivo markedly differs from that in in vitro studies. 

In vivo studies may be divided into two groups ; 
one group comprising what may be called single 
point absorption studies; the other group, multi- 
point absorption or true rate studies. In general, 
single point studies are based on certain pharma- 
cological end points, such as: loss of the righting 
reflex due to sedation (9), onset of curarization 
(10), or a single blood (11) or urine (12, 13) drug 
level. In contrast to single point absorption 
determinations, a number of multi-point absorp- 
tion studies have been conducted to evaluate at 
different time intervals the level of a drug in 
the blood (14-19), urine (20), or in selected tis- 
sures (15, 16, 18); or to measure peripheral rise 
in temperature following the rectal administra- 
tion of methyl nicotinate (21, 22). 

Although these single point and multi-point 
in vivo absorption studies present much meaning- 
ful data, they provide an indirect approach to the 
absorption problem. The3’’ are based on the 
assumption that the rate of rectal absorption 
bears a constant, direct relationship to the 
amount of drug concentrated by some organ, or 
the blood level required to elicit a pharmacologi- 
cal response. Such studies provide information 
suitable only for gross comparisons; not one of 
them includes a direct procedure for continuous 
detection of the rate of absorption of the drug 
occurring at its site of insertion. 

This study presents details of a method which 
was developed to provide direct and continuous 
detection of the rate of absorption of compounds 
tagged with a radioactive gamma emitter, 1-131, 
from the rectum of an intact rat. The method 
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results in a high degree of reproducibility of 
results. Analysis of the rate process is presented 
and the evidence appears to confirm a pseudo- 
first order system. 

EXPERIMENTAL 

Reagents. — Iodoform, Mallmckrodt, recrystal- 
lized twice from 95% ethanol, m p 118-120°; 
2,4,6-triiodophenol, Eastman, recrystalhzed from 
95% ethanol, m p 155 5—158°; Tween 20, Atlas 
Powder Co , and Antarox® A400, * General Dyestuffs 
Corp., were individually heated to 60° under reduced 
pressure (0.3 mm Hg) to remove moisture and any 
low boiling fractions Each compound was char- 
acterized by estimating the molecular weight from 
a measurement of the freezing point of a benzene 
solution of the surfactant Polyethylene glycol 
6000 pharmaceutical grade. Carbon & Carbide Co , 
was crystallized once from a solvent system con- 
taining 20% anhydrous ether and 80% chloroform 
The degree of purity of both the crystallized and 
uncrystallized samples was determined by freezing 
point lowering measurements made with a cali- 
brated thermistor-resistance meter (23). The molec- 
ular weight of the polyethylene glycol calculated 
from these values indicated a compound with a molec- 
ular weight considerably less than 6000 Poly- 
ethylene glycol 600, Carbon and Carbide Co , 
pharmaceutical grade; methylcellulose 6000 c p s. 
grade, Dow Chemical Co ; sodium carboxymethyl- 
cellulose high viscosity grade, Hercules Powder Co. 

Radiological Equipment and Procedures. — All 
of the work done with radioactive isotopes was 
confined to the Radioactivity Center of the Univer- 
sity of California Medical Center. Detection of the 
gamma radiation of sodium iodide-131 was accom- 
plished by use of a scintillation counter composed 
of a shielded RCA 5819 photomultiplier which 
sensed the scintillations excited by the radiations 
illicited by the radio-tagged dose in a thallium acti- 
vated sodium iodide crystal. This signal was coupled 
to a preamplifier and fed through a Tracer Labor- 
atory Autoscaler, model SC-IB (Fig. 1). Due to the 
complex gamma decay scheme of iodide-131, it is 
not possible to give an absolute efficiency rating to 
the equipment, but it was in the order of magnitude 
of 20%. 

The actual labeling of iodoform (IF) and triodo- 
phenol (TIP) with iodine-131 was carried out in a 
well ventilated fume hood, the sides and front of 
which were lined with lead bricks to a height of 22 
inches. The lead floor of the hood was covered 
W'ith stainless steel trays lined with strips of para- 
film so that an accidental spill might be conveni- 
ently confined and the working area readily decon- 
taminated. Centrifugation procedures were con- 
ducted in the reaction area and the supernatant 
liquids and washings collected in wide-mouth, glass- 
stoppered containers which were stored in a lead 
vault for disposal purposes. Surgical gloves were 
worn and the manipulations were carried out using a 
special pair of tongs (a test tube holder was clamped 
to the jaws of a pair of surgical tongs to facilitate 


* This compound is a polyethylene glycol ether of nonyl 
phenol and is now sold under the trade name of Igepel® 
CO-630. 



Fig. 1. — A photograph illustrating the position of 
the anesthetized rat, placed over the collimator- 
scintillation counter so as to obtain maximal, con- 
tinuous external detection of a gamma-emitting 
dose. The scintillation counter, enclosed by lead 
brick shielding to minimize background counting 
rate, is electrically connected to the autoscaler and 
to the timer at the left of the rat. 

the handling of small containers of radioactive 
material). 

The scale of reaction for the preparation of IF 
and TIP was calculated by dividing the total activ- 
ity of 1-131 by the specific activity required for the 
rectal absorption studies. 

Scale of reaction — total activity available/re- 
quired specific activity — (4 X 1000 mcc.)/200mcc./ 
mg . — 20 mg. 

Synthesis of Iodoform (IF). — Labeled IF was 
prepared according to the method of Vogel (24) 
by transferring a calculated volume of 1-131 of 
total activity of 3 to 4 me. to a 12-ml. centrifuge 
tube. A 0.25-m]. quantity of an aqueous prepara- 
tion containing 25 mg of sodium iodide (1.67 X 
10“^ Af) and 3 95 mg. of acetone (6.8 X 10“' A/) 
was added to the radioaetive solution, followed by 
the addition of 0 40 ml. of 5% sodium hypochlorite 
solution. 

After one hour the precipitated IF was collected 
by centrifugation and washed successively with a 
small volume of water and a 5% solution of potas- 
sium iodide. The IF was then dissolved in approxi- 
mately 0.2 ml. of hot 50% aqueous ethanol. This 
solution was cooled in an ice bath to effect crystalli- 
zation and the IF again collected by centrifuga- 
tion, m. p. 118-120°; radioactive iodide impurities, 
1-2%. The compound was dissolved in polyethyl- 
ene glycol 600 for safe storage. 

Synthesis of Triiodophenol (TIP). — The synthesis 
of labeled TIP was carried out according to a modi- 
fication of the method of Marsh (25) by transferring 
a calculated volume of NaI-131 of total activity of 
3 to 4 me. to a 12-mI. centrifuge tube containing 2 
ml. of glacial actic acid, 19 mg. sodium iodide (12 
X 10“' Af) and 4.0 mg. of phenol (4.2 X 10“' Af). 
To the clear solution, 0.05 ml. of 30% hydrogen 
peroxide was added with a minimum of stirring. 
After a twenty-four hour interval, 8 ml. of water 
was added to the reaction mixture. The precipi- 
tated TIP was collected by centrifugation and washed 
successively with 2-ml. volumes of 5% potassium 
iodide aqueous solution. 

Following the washing and centrifuging proce- 
dures, the TIP was dissolved in appro.ximately 1 
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in!, of liot aqueous etlianol solution, allowed to 
crj'Stallizc in an ice bath, and was collected by 
centrifugation; m. p. 155.5-158°; radioactive iodide 
iniDurities, a mere trace. The compound was dis- 
solved in polyethylene glycol GOO for safe storage. 
Method for Determining Radiochemical Purity 
of Labeled Compounds. — The radiochemical puritj' 
of IF and TIP was determined bj- ascending paper 
partition chromatograph}% followed bj’ analj’sis of 
the chromatogram using radioautographic tech- 
niques. Pure benzene was used as the solvent, 
Appro.viraatelj' 6 microcuries of labeled substance, 
dissolved in equal parts of ethanol and PEG GOO, 
was applied to the base of the Whatman No. 1 
filter paper and chromatographed for tliree hours. 
The solvent benzene at the base of the sealed jar was 
monitored for activity and found to possess negli- 
gible amounts. The paper strip was carefullj' 
dried and placed in contact with an x-raj' film for 
one hour. The darkened areas on the developed 
film were used as a criterion for cutting the corre- 
sponding cliromatogram into two nearly equal parts, 
one part containing the base line and the other part 
containing the labeled compound. The individual 
parts were folded several times, staoled to assume a 
fixed geometry, and monitored by means of a scin- 
tillation counter. Impurities in the sample, such 
as radioactive iodide, were then determined by 
expressing counts per second for the baseline por- 
tion as a per cent of the pooled count recorded for 
the entire paper strip. 

Method for Determining the Activity of Labeled 
Compounds. — Since both IF and TIP are slightly 
volatile compounds, no attempt was made to dry 
them to a constant weight nor to standardize them 
by doing an absolute beta count. The activities, 
however, were determined relative to a solution of 
NaI-131, standardized bj’ absolute beta count, 
which was transferred in volumetric increments to 
several 12-ml, centrifuge tubes containing milli- 
gram quantities of inert sodium iodide. The incre- 
ments, covering a range of S to 600 microcuries of 
1-131, were assayed for gamma radiation by plac- 
ing them individual^ in a lead container on the 
collimator of a standardized (RaD-RaE) scintilla- 
tion counter. By plotting counts per second 
versus known activity on log-log coordinate paper, 
a graph was obtained for the conversion of IF and 
TIP gamma emissions into 1-131 microcuries equiv- 
alents. 

Pharmacological Procedures.— Female Sprague- 
Dawlej' rats, weighing 180 to 205 Gm., were 
anesthetized with sodium pentobarbital in a 20 mg. 
per ml. solution by interperitoneal injection in con- 
centrations of 4.3 to 4.7 mg. per 100 Gm. bodj' 
weight. In the majority of cases surgical anesthe- 
sia was complete in seven to fifteen minutes and per- 
sisted for about ninety minutes. At that time the 
experimental procedure was terminated and the 
animals were sacrificed by administering a lethal 
dose of undiluted pentobarbital solution. 

Prior to the e.xperiment the fecal content in the 
rectal canal was reduced by fasting the rat for 
thirty-six to forty-eight hours.” At the end of the 
fasting period, the rat was anesthetized and its 
rectum prepared bj- inserting a moistened plug to a 
depth of 2.5 cm. using a wetted solid-glass rod appli- 


* The animals were given only water durin]; this period. 



Fig. 2. — A photograph showing the proximal and 
distal rectal plugs used to confine a radiotagged dose 
to a definite length of the rat’s rectal canal. The 
scanning field of the counter is depicted by the 
crossed sticks placed in the one-inch cylindrical lead 
collimator. 


cator. This plug, referred to as the proximal rectal 
plug, was constructed by inserting a glass bead 
(3.5 mm. in diameter) into a small portion of lubber 
tubing. The viscous suppository v'ehicles were 
retained in the rectum by the distal plug which was 
constructed by pulling a trimmed rubber police- 
man over a hollow glass tube (2 mm. in diameter). 
This plug was inserted into the anal canal to a 
depth of one centimeter and held in place by 
adhesive tape. The combination of plugs left a 
cavity of 1,5 cm. into which the dose of 0 2 ml. was 
inserted 

After preparing the rectum, the anesthetized rat 
was mounted in the supine position with its legs 
stretched and taped to a ple.xiglass board (12 in. 
X 5 in. X 0.2 in.). The board and rat were then 
placed over a one-inch collimator in the desired geo- 
metrical position as determined in preliminary 
studies to result in maximal counting from the rectal 
area (Fig. 2), A 0,2 ml. dose was drawn up into a 
1-ml tuberculin syringe fitted with a No 17 gauge 
needle The needle was slipped into the glass tube 
portion of the distal plug, and forced past the seal 
of the policeman. In order to minimize tlie possi- 
bilitj’^ of perforating the wall of the colon, the 
length of the needle was modified After injecting 
the dose, the needle was withdrawn 

Counting Procedure. — few seconds after intro- 
ducing the radioactive preparation into the rectal 
canal, the autoscaler was activated and the counting 
recorded at one minute intervals for tlie first twenty 
minutes, and at five minute intervals for the re- 
mainder of the experiment. The scaler was auto- 
matically actii'ated by a cam arrangement at one- 
and five-minute intervals bj’ means of an electronic 
device driven bj- a small sj’nchronous motor 
Counts per second versus time were then plotted on 
semilog paper for the first ten minutes and ex- 
trapolated to zero time. The extrapolated v’alue 
obtained was taken as 100% of tlie total dose 
administered and was used to e.vpress all other counts 
on a per cent basis. 

Formulas for Suppository Vehicles. — In tiie 
sodium iodide studies. 5 microcuries of NaI-131 was 
added for each 0.2 ml. of vehicle used. The basic 
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formula for the methj Icellulose (MC) vehicle and 
the carboAj meth\ Icellulose (CMC) vehicle is as 
follows 

Methylcellulose, 4000 c p s or 
Carboxymethylcellulose high 
viscosity tjTie 1 5 Gm 

Sodium iodide (carrier) 0 167 Gm 

Sodium bisulfite 0 050 Gm 

Sodium chloride q s to make isotonic 

Phosphate buffer (0 05 M pH 
7 4) 2 5 to make 100 0 cc 

Special MC and CMC i eludes iiere formulated 
to contain specified amounts of the nonionic sur- 
factants, Tween 20 (TW 20) and Antarox A400 
(A400) These iiere added to the above vehicles 
m the required amounts and corrected for, m the 
tonicity adjustment, and in the quantity of gum 
added to bring the preparation to constant viscosity 
The CMC vehicle was used with the A400 system 
since a coacervate formed n hen this surfactant was 
used m the MC vehicle 

The iodoform was incorporated m a special iso- 
tonic liquid polyethylene glycol vehicle (LPEG) 
at a level of radioactivity of 5 microcuries per 0 2 
ml of vehicle used, polyethylene glycol 6000 — 
59 0 Gm . polj ethylene glycol 600 — 5 0 Gm , 
distilled water — g r to make 100 0 cc 
Tniodophenol nas added to a buffered methyl- 
cellulose vehicle H in such a way that the sodium 
phenolate ion was formed (NaTIP) Once again 



Fig 3 — Rectal absorption curves for sodium io- 
dide from three suppository vehicles MC-plain, 
MC-Tw20-l%, CMC-A400 1% The upper curves 
represent the total period of observation, the lower 
curves represent the initial 18 minute portion of the 
observed data 



TIME IN MINUTES 

Fig 4 — Corrected and uncorrected rectal ab- 
sorption curves for sodium iodide in MC-Tw20-l% 
Curve A represents the uncorrected data while 
curve B represents the data corrected using Eq 
(8) or (9) 



Fig 5 — Corrected and uncorrected rectal ab- 
sorption curves of sodium iodide m vehicle CMC- 
A400-l% Curve A represents the uncorrected 
data wliile curve B represents the data corrected 
usmg Eq (8) or (9). 
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Fig. 6. — Corrected and uncorrected rectal ab- 
sorption curves for iodoform in the LPEG vehicle 
at two different concentrations: 64 mcg./0.2 ml. 
(crosses), and 32 nicg./0.2 ml. (circles). Curve A 
represents the uncorrected data, while curve B repre- 
sents the data corrected using Eq. (8) or (9). 
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Fig. 7 . — Corrected and uncorrected rectal ab- 
sorption curves for the sodium salt of 2,4,6-triiodo- 
phenol in MC-plain vehicle. Curve A — raw data; 
curve B — corrected data. 


5 microcuries per 0.2 ml. of vehicle was used: 
methylcellulose 4000 c. p. s. — 1.5 Gm.; NaCl — 
q.s. to make isotonic; pyrophosphate buffer (0,025 
M, pH 8.6) — q.s. to make 100.0 cc. 

Physical Characterization of the Suppository 
Vehicles. — Before incorporating the labeled com- 
pounds into the suppository vehicles, the isotonic- 
ity, pH, surface tension, and viscosity were evalu- 
ated for each preparation. The vehicles were made 
isotonic to a 0.9% solution of sodium chloride, A 
thennistor resistance meter was used to check the 
freezing point lowering of the adjusted solution. 
It was impossible to evaluate directly the osmotic 
characteristics of the undiluted vehicle by the above 
freezing point method without dilution, since the 
vehicle separated free solid glycol on cooling. In 
this case, the vehicle was diluted twelvefold and 
data obtained from the diluted solution were used 
for the adjustment of the tonicity. 

The viscosities of the prepared vehicles were 
adjusted to 750 ± 50 centipoises at 25° using a 
Cannon Fenske viscometer, size 600. Prepara- 
tions possessing a viscosity higher than 800 were 
made less viscous by the addition of small volumes 
of isotonic, buffered solution; those giving readings 
lower than the accepted value were made more vis- 
cous by the addition of small amounts of appropri- 
ate thickening agent. The pH was determined with 
a Beckman pH meter, model G, and readjusted 
when necessary. All buffers were designed to 
possess high buffer capacity at the specified pH. 
Surface tension measurements were made at room 
temperature witli a Cenco-DuNouj'- iaterfacial 
tensiometer. 

RESULTS 

A typical set of results is shown for Nal Figs. 
3. 4, and 5; for IF in Fig. 6; and for NaTIP in 
Fig. 7. 

DISCUSSION 

In the development of a reproducible technique 
several factors were found to be of critical impor- 
tance, these included: (a) the degree of anesthesia, 
which had to be deep enough to eliminate body and 
peristaltic movements: (h) geometric placement of 
the dose and its retention within this rectal segment 
by confining plugs ; (c) the viscosity of the vehicles 
which prevented leakage bej'ond the plugs; and 
(d) the type of collimation of the scintillation counter. 
A scintillation counter, unless restricted by a 
suitable collimator, will detect any radiation emitted 
within an 180-degree arc. Such a counter would 
respond not only to the dose remaining in the rectum, 
but also would detect most of the absorbed dose. In 
order to restrict the view of the counter in so far as 
possible to the rectal volume segment containing 
the radioactive dose, several preliminary colliraa- 
tion studies were carried out using both cone and 
cylindrical tj-pe collimators attached to a scintilla- 
tion counter. The isosteric patterns of each collim- 
ator were determined by detecting a knotvn radio- 
active source, positioned at various vertical and 
horizontal coordinates relative to the crystal of the 
counter. It was observed that a one-inch cylindri- 
cal collimator (Fig. 2) restricted the volume seg- 
ment of the animal to approximately the first four 
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centimeters of a rat’s rectal canal; in addition, it 
adequately e.xcluded from the scanned area the liver, 
kidue 3 's, and other vital organs of the animal. 

Studies were also conducted using a probe scin- 
tillation counter. It was believed that the small 
size of the sensing cr 3 'Stal of the probe counter 
inserted directl 3 ' into the rectal canal would make it 
highl 3 ' efficient in detecting the radioactive dose 
immediatel 3 ^ adjacent to it, but relativeb’^ less sen- 
sitive to the radioactive molecules accumulating in 
surrounding tissues. Although the probe counter 
responded in accordance with its proposed character- 
istics, difficulty was e.xperienced in placing and main- 
taining it in the rectum. It also scanned to a cer- 
tain degree the whole animal, and for these reasons 
it was not used in this study. 

It was found that the data followed an absorption 
pattern which indicated certain characteristics 
t 3 'pical of a first-order rate process. For example, 
in studies using Nal in MC vehicle, it was observed 
that b 3 ' doubling or halving the concentration of 
the drug, the observed time for 50% absorption was 
not appreciabl 3 ' changed. Beyond the first half- 
life (usuall 3 ' around 60% absorption), the Nal data 
deviate from linearit 3 ^ (Fig. 3, curve A). While 
this linearit 3 ^ through one half-life ma 3 ' be tacitly 
taken as evidence of a first-order process, the devia- 
tion should be logically explainable. 

Two possible explanations perhaps account for 
the deviation of the Nal data from first-order: 
following its absorption, a portion of the Nal returns 
to the volume segment of the animal scanned by the 
counter; and in the rectal segment, ph 3 'sical changes 
occur in the vehicle which retard the rate of Nal 
release for absorption. 

In this investigation, the experimental design is 
such that the volume segment scanned b 3 ' the coun- 
ter remains constant in respect to the total volume 
of the animal. The amount of absorbed drug which 
returns to this volume segment may also be considered 
a constant relative to the total amount of absorbed 
drug; in effect, it is a measure of the ratio of the 
volume segment to the total volume of the animal. 
These interrelationships are based on the fact that 
none of the drug is excreted or exhaled during the 
experimental procedure. It might be conjectured 
that the scanned area might abnormally concen- 
trate the drug; however, the drug distribution 
studies contradict this contention. 

The effect of the returning drug, therefore, is not 
a variable but a constant related to the volume frac- 
tion of the animal scanned. While this effect is 
constantly present, it only corrects the curvature 
about 5%. In order to rectif 3 ^ the curved portion 
of the plotted data to the straight line, a total correc- 
tion of 20 to 5% is required. 

A second explanation of the curvature could be 
based on an assumption that diffusion of the drug, 
within the vehicle, to the absorption site becomes 
the rate limiting step which, in turn, would modify 
the rate of absorption. When vehicles are formu- 
lated with surfactants, Nal is absorbed at a signifi- 
cantl 3 ' faster rate than in the plain vehicles. The 
faster absorption apparent in these systems results 
in greater curvature. These results, shown in Fig. 
3 (curves B and C), are in accordance with the 
assumption that the limiting factor is the diffusion 
of the drug to the absorption site. In the slow ab- 
sorbing systems the drug can diffuse to the absorp- 


tion site at a rate which maintains first-order absorp- 
tion for a considerable period. With the surfactant 
systems, one might postulate that the increase in 
rate of absorption is due to slight damage to the 
membrane barrier or that the surfactant "cleans” 
the membrane barrier and thus increases the num- 
ber of absorption sites. In either case the surfactant 
causes an increased rate of absorption. Diffusion 
to the absorption site becomes the rate dependent 
variable sooner in these systems. Further discus- 
sion of the effect of anionic compounds and surfact- 
ant suppository s 3 'stems will be the subject of a sep- 
arate report (26). 

Fortunately the anal 3 'sis of the rate process for 
experimental conditions used in these studies may 
be handled mathematically by analogy to the gen- 
eral solution for radial diffusion (27). The follow- 
ing derivation is for such a rate equation, and in- 
cludes the correction for the diffusion within the 
vehicle and for the accumulation of the radioactive 
substance in the volume segment scanned by the 
counter. It is possible that if the animals were not 
under such deep anesthesia, peristaltic processes 
would eliminate the diffusion variable. The cor- 
rected data, therefore, may be more representative 
of rectal absorption under normal ph 3 'siological 
conditions than are the uncorrected data. 

DERIVATION OF MODIFIED ABSORPTION 
EQUATION 

No = The total dose administered (detected by 
the scintillation counter). N = The dose detected 
by the counter at time, t. f = The volume 
fraction of the animal being detected by the counter 
modified by local variations in drug distribution. 

Nr = The amount of the dose remaining in the 
confined rectal section at time, 1. 

Nil = The amount of the dose remaining unab- 
sorbed at end of the experiment. 

N* = The amount of the total dose absorbed at 
time t, and distributed throughout the body. 

N/ = The dose detected by the counter at the 
end of the experiment. 

Since none of the dose is excreted during the 
experiment, 

N„ = Nr -f N6 (1) 

At any time during the experiment, 

N = N| -f- 3f^(Ni,), (2) 

or substituting for N according to Bq. (1), we have 
N = Ni -t- y^(N, - Nr). (3) 

Solving for Nr, we have: 

Nr = [N - y(N.)]/(l - f). (4) 

In our work the experimental design is such that a 
diffusion gradient is set up within the rectal section. 
Since we are, in effect, isolating a section of the 
rectal cavity and following absorption from its 
membraneous surface, we can refer to our sec- 
tion as simulating a finite cylinder with sealed end 
faces, diffusion out of the cylinder occurring in a 
radial direction only.® We are not concerned with 

* It is obvious that the rectum does not meet the exact 
dimensions of a cylinder; since the cross-section probably 
resembles an ellipse in shape. It can be shown, however, 
that such considerations merely change the absolute values 
of the constants in the final equation. See Jost, W., 
fusion in Solids, Liquids, Gases," Academic Press Inc., N. Y., 
N. Y., 1952, p. 35. 
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the concentration of the drug at any point along tlie 
radius of the cylinder; instead, we are following the 
average drug concentration, defined above as 
Nr with an initial concentration No and a final con- 
centration relating to the total unabsorbed drug. 
Nil. Radial diffusion according to these conditions 
has been solved bj'- Diinwald and Wagner (27) using 
Fourier analysis; the solution is: 


— 0.05. It does not vary to a large extent even when 
following difi'erent drugs or markedly different types 
of formulations. 

Taking a typical set of experimental results, the 
value scanned by the counter at the end of the exper- 
iments N/ where: N/ = N (90 min.) = 0.25; 
Nil = 0.20; and y = 0.05. Substituting these 
values into Eq. (8), we have 


(Ni - N„)/(N„ - N„) = 2] 4/X.= 

> = 1 

exp [-(X.-=)=Dt/r„=]. (5) 

Here ro represents the radius of the rectal C 5 dindri- 
cal section, D is the diffusion coefficient, and the 
X> are the roots of the equation Jo(X) = O, where 
Jo(X) is the Bessel-function of the zero-th order 
and second kind (Xj = 2.405, 8.654, 11.792,—). 
From an estimation of ro and D it may be shown that 
for />3 min., the first term of the series is a good 
approximation for the complete equation, therefore: 

(Nr - N„)/(N„ - N„) = 4/(2,405)= -exp 

[-(2.405)=D/(r»)=-/] (6) 


(log Nr - N„)/(N„ - N„) = -kt + (log C) (6a) 

Where k = roV(2.303)(2.405)=D; C = 0.7* 

Since our counter detects N instead of Nr we must 
substitute for the latter according to Eq. (4). 

i [N - /(N,)/(l-/)] - N„ ^ . 

® No-N„ ^ 


Rearranging and collecting terms we arrive at: 


, N - N,, - /(No - N„ 
® (1 - (No - N„) 


= -kt 


( 8 ) 


We have spoken of a correction term relating to the 
accumulation of the drug in the volume segment 
scanned by the counter. It should be noted that 
Eq. 8 contains no variable function relating to this 
correction; it may be shown, however, that the 
constant,y^, is the term covering this accumulation. 
This phenomenon has been demonstrated repeatedly 
at various time intervals by sacrificing the animals 
and removing the rectum. The removed rectal 
portion is then placed on the counter in a geometri- 
cal position duplicating as near as possible that in 
the intact animal. Such a procedure results directly 
in an evaluation of Nr and by rearranging Eq. 1 to 

N. - Nr = Ns. 


we can directly evaluate the amount of the dose 
absorbed. Ns. By placing the animal (minus the 
rectal portion) back in its proper geometry, the 
counter detects only the dose in the volume segment. 
The latter is N of Eq. 2 where Nr becomes zero, 
and we then have 


N/Nj = 

Under our experimental conditions, the constant, 
thus determined is well approximated by the value 

* If we consider the rectum as possessing a different geo- 
metric shape, the absolute values of K and C change. For 
example, for the first term of the series: C = 0.7 for a 
cylinder, and C *= 0.9 for a slab. The value of C only modi- 
fies our intercept. Recognizing that our equation is a good 
approximation only at f > 3 min we can neglect the second 
term on the right hand side of Eq. (6a). 


Log [N - 0.05(1-0.20) - 0.20]/(l - 0.20)(1 - 0.05) 

= -kt 


or 


Log N - 0.24/0.76 = -kt. 

This correction rectifies the raw data to a straight 
line function which holds over three to four drug 
half-lives. 

It should be noted that a further simplification 
can be made in Eq. 8 in light of the detailed results 
given for the typical case listed above. The cor- 
rection function is nicely approximated within the 
accuracy of our animal data by using the last deter- 
mined experimental count detected by the counter on 
the intact animal, viz. — N/. In the above example, 
Eq. 8 would result in a correction function of 

log N - N//N„ - N/ = -kt 
or 

log fN - 0.25] /0.75 = -kt. 

Any procedure which reduces the research workers 
exposure to gamma radiation is a valuable one. 
The use of Eq. 9 in place of Eq. 8 is well jutified, 
since it eliminates the necessity of additional close 
contact with the radioactive source during the excis- 
ing of the rectum. 

The derivation does not include any mathematical 
consideration of the rate process for drug transfer 
across the rectal membrane. In general, we believe 
that the absorption rate process is much faster than 
the diffusion process, i.e., ^ob«.>>^iiiff. 

Although the apparent rate constant, k, for Eq. 
9 is complex in nature, including: diffusion, absorp- 
tion, and differences in formulation, it is extremely 
useful in expressing our data and making compara- 
tive analysis of different suppository systems. 

Confirmation of the Modified Absorption Equa- 
tion. — Curve A in Figs. 4 and 5 represents a plot of 
the uncorrected data; Curve B of these figures is a 
plot of the corrected data as obtained using Eq. 
8, or 9. Discrepancies between the absorption half- 
lives for the raw and corrected data can be attributed 
to several causes. Since a curvature is present to a 
slight degree even in the early data, the 50% ab- 
sorption time from the raw data will tend towards a 
longer t'/s than the corrected data. The deriva- 
tions of Eq. 9 implicitly assumes that the diffusion 
coefficient did not change with relative changes in 
drug concentration, that the ideal diffusion process 
was undisturbed by peristaltic processes, or that 
mixing due to temperature gradients did not take 
place. 

Although the data presented thus far are only for 
Nal studies, it was found also that IF and TIP 
studies could be analyzed in the same manner. In 
each case, the data conformed to criteria for a 
pseudo-first-order absorption rate process. For ex- 
ample, when IF was used in the LPEG vehicle in 
concentrations of 33 mcg./0.2 ml. and 64 mcg./0.2 
ml., the data expressed in Fig. 6 is obtained. When 
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the concentration of IF is doubled in LPEG, no 
apparent difference is observed in the absorption 
rate. Data obtained for TIP in vehicle, as is shown 
in Fig. 7, also meet the criteria for the pseudo-first- 
order absorption process. 

The deviations about the straight line drawn for 
the corrected data (curve B) are more apparent 
than real; the lower per cent values amplify the 
apparent error. 

A definite advantage of the derivation is that it 
arrives at a pseudo-first order equation as a natural 
consequence of accounting for the diffusion phenom- 
enon. Although it fails mathematically to consider 
the rate process across the rectal membrane, there 
is good indication that absorption rate process of 
the drug is much faster than the diffusion process 
in the vehicle, that is, fe.be>>^diff In general, 
the deriv’ation corrects the rectal absorption data 
through two to four half-lives 

The form of the derivation of the absorption 
equation and its subsequent confirmation appears 
to justify the use of first-order kinetic analysis of 
the experimental results Yet this procedure is 
not free from some uncontrolled variables The 
exact correction factor which maj' be applied to 
rectify the data appears to be somewhat dependent 
on: the time at which the experiment is arbitrarily 
conducted; the character of the vehicle, and the 
rate of absorption therefrom; the possible varia- 
tion in the amount of drug returning to the field of 
vision of the counter, due to variation in the amount 
of urine retained in the bladder of each of the individ- 
ual animals studied; and other variables While 
these variables do not deter from the essential 
validity of the foregoing presentation they do 
influence slightly the absolute value of the absorp- 
tion half-lives obtained by analysis of these results 

Therefore, it appears more logical to analyze our 
data on the basis of the initial portion of the curve, 
where each of the above-discussed concomitant 
events are J’^et insignificant in their effect; as is 
shown, for example, in the lower set of curves in 
Fig. 3 

SUMMARY 

1. A micro method is reported for the prep- 
aration of 1-131 labeled iodoform, and 2,4,6- 
triiodophenol at a level of activity of approxi- 
mately 150 to 200 pc./mg. 

2. A highly reproducible animal procedure 
was developed for the continuous external 


detection of a gamma-emitting dose in the rec- 
tum of an anesthetized rat. 

3. A mathematical expression was derived 
which corrects the activity detected by the 
counter for the effect of diffusion within the 
vehicle, and for the accumulation of the absorbed 
drug in the scanned volume segment of the ani- 
mal. 

4. Diffusion of the drug to the rectal absorp- 
tion site appears to be the rate controlling step 
in fast absorbing systems 
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The Kinetics of Rectal Absorption II.* 

The Absorption of Anions 

By SIDNEY RIEGELMAN and WILFRED CROWELLf 

The rectal absorption rates of sodium iodide and the sodium salt of 2,4,6-triiodo- 
phenol in suppository bases at various pH values and in the presence of surface- 
active agents and polyethylene glycol additives were determined by continuous 
external detection at the site of insertion. The rate of sodium iodide absorption is 
accelerated in the presence of surfactants and appears to be proportional to the sur- 
face tension lowering and the peptizing action of their surface active components. 
The rate of absorption of the phenolate is retarded by the presence of surfactants. 
Hydrolysis and subsequent solubilization of the free phenol is postulated to explain 

this effect. 


Tn the FHtST PAPER of this series (1), a method 
(using a female rat) was reported for the 
direct and continuous external detection of the 
rate of rectal absorption of drugs from supposi- 
tory vehicles. The rate of absorption of soditun 
iodide, iodoform, and 2,4,6-triiodophenol tagged 
with iodine-131 could be followed by virtue of the 
gamma emission from the radioactive source 
which was detected by a scintillation counter in 
conjunction with an autoscaler. The absorp- 
tion data appeared to follow a pseudo-first order 
rate process when corrected for the effect of two 
concomitant events. The drug is continuously 
returning to the environments of the absorption 
site and is detected there by the counter. Also 
within the confined rectal segment to which the 
suppository was limited, the rate limiting step 
in the overall absorption process is assumed to be 
the diffusion of the drug within the vehicle. An 
equation was presented which rectified the data 
for analysis to conform to a pseudo-first order 
rate process. An alternative to the use of 
the corrected data is the analysis of the initial 
portion of the uncorrected data where each of 
the factors causing deviation would be at a min- 
immn. Analysis of the initial data probably 
results in an absorption half-life which is slightly 
too long, due to the small amount of curvature 
present even in the earliest points. While the 
absolute values of the specific rate constants may 
differ with each method of analysis, the relative 
comparison of the data by either method results 
in identical conclusions. For this reason, the 
simpler method of analysis using the initial data 
has been adopted in this report. 
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In the past several years, studies have been 
conducted (2, 3) which report on the absorption 
of sodium iodide from common type supposi- 
tory bases. One such study (3) has utilized radio- 
iodide as the means of detection. The authors 
based their conclusions on results of analysis of 
peripheral level of iodide in the blood, thyroid, 
or in the urine. While certain information can 
be obtained by these methods, they appear to 
be poorly reproducible and to give little indication 
of the details of the rate process directly at the 
site of insertion. Apparently no studies have 
been conducted on the effects of surface-active 
agents on the rate of rectal absorption, even 
though several nonionic surface-active agents 
have been utilized as major constituents of several 
suppository bases (4, 5). 

Polyethylene glycols have been utilized quite 
extensively in commercial suppositories. Yet, 
inconsistent and contradictory results (6-10) 
have been obtained from studies comparing then- 
rate of drug release to that obtained by cocoa 
butter or by glycerinated gelatin. Once again, 
these studies were restricted to methods of 
analysis which detect events distant from the 
site of absorption; thus the conclusions drawn 
from these results may be clouded by the num- 
ber of intervening biological processes. Fur- 
thermore such studies would probably be unable 
to detect differences caused by complexing of 
the drug with the polyoxyethylene chain, as 
has been proposed by Higuchi and Lach (11). 

The present communication presents the results 
of the evaluation of the absorption rate of sodium 
iodide (Nal) and the sodium salt of 2,4,6-tri- 
iodophenol (NaTIP) at various pH values and 
in the presence of surface-active agents and poly- 
ethylene glycol additives. 

RESULTS AND DISCUSSION 

Both sodium iodide and triiodophenol can exist 
as anions at certain hj'drogen ion concentrations. 
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Sodium, iodide exists as an anion at all pH values 
which can be reasonablj- studied in the rectum and 
possesses high water solubility In contrast, tri- 
iodophenol is a weak acid of verj' low solubility. 
The acid dissociation constant of the compound was 
reported by Krahl and Clowes (12) and was con- 
firmed by the authors to be 6 6. The solubility of 
the compound in an unbuffered solution containing 
.5% of polyethylene gl 3 'col 600 was found to be 300 
meg. per 100 ml. At pH 8 0. triiodophenol would 
be distributed 99 01% as the anion and 0 99% as 
the free acid An isotonic, liquid poljfethylene 
glj-col 6000 vehicle (LPEG) containing 59% of a 
purified sample of poljmer was used in these studies 
to eliminate the effects of such variables as: water 
transfer due to the nonisotonic nature of pol 3 'ethyl- 
ene gb'col suppositories, and/or the solution of the 
solid phase b 3 ' the transferred water. Due to the 
large molecular weight of the glycol, one can assume 
that the compound is ver 3 ' slowl 3 ', if at all, absorbed; 
therefore, the isotonic vehicle can be expected to 
remain undiluted during the period of study. The 
dissociation of the triiodophenol in such a semiaque- 
ous solvent S3'stem will be reduced relative to an 
aqueous system. The dissociation constant was 
found to be 8.4 in this vehicle. In order to convert 
the free acid to the same proportion of anion as used 
in the aqueous systems, this vehicle was adjusted to 
pH 10.7 with a sodium hydroxide-sodium borate 
buffer. 

The results obtained with sodium iodide in the 
vehicles studied are summarized in Table I and 
several of these results are depicted in detail in Fig. 
1. As one might anticipate, at the same level of 
viscosity, a change from methylcellulose to carboxy- 
meth 3 dcellulose does not appreciably alter the rate 
of absorption of sodium iodide. It was necessary 
to substitute the latter agent in several of the vehicles 
studied due to the coacervation of methylcellulose 
in the presence of certain surface-active agents. 


Table I. — Comparison of the Fifty Per Cent 
Absorption Tijies of Vehicles Containing 
Sodium Iodide 


Type 

Vehicle 

Additive 

Surface 
Tension 
(dynes/ 
cm ) 

50% 

Absorption 
Times (O/i) 

MC 

Plain 

52 

33.1 ±0.8 

CMC 

Plain 

52 

31.4±0.5 

LPEG 

Plain 

46 

29 5 ± 1 3 

MC 

Tw20-1% 

34 

21,5±0.6 

MC 

Tw20-5% 

34 

22.8±0.6 

CMC 

Tw20-1% 

33 

22.2 ± 0.4 

CMC 

SLS-1% 

30 

8 9 ± 0.2 

CMC 

A400-l% 

30 

8 4 ± 0 3 


The addition of surface-active agents to these 
s 3 -stems markedb" accelerated the rate of absorption 
of the sodium iodide when Compared to the rate in 
their absence. Surface-active agents are frequently 
said to cause protein denaturation and may actualb^ 
damage the integrit 3 ' of the mucous membrane lining 
of the rectum. Such an explanation might be pre- 
sented for the increased rate of absorption of iodide 
ions in the presence of surfactants. Yet, identi- 
cal studies conducted on sodium triiodophenolate 
(NaTIP) in the presence of the same group of surf- 


actants indicate that this ion is actually retarded 
in its rate of absorption relative to the rate in the 
absence of surface-active agents. It is difficult to 
visualize how the surfactant can damage the 
mucous membrane in such a tvay that iodide ions 
can penetrate, yet not cause an increased rate of 
absorption of the phenolate ion. 

Since the segment from which absorption is 
taking place is held constant by the confining end 
plugs, the action of the surface-active agents on the 
rate of drug absorption cannot be attributed to the 
spreading of the vehicles over a larger rectal seg- 
ment. The observed differences in time for 50% 
absorption of Nal in the presence of Tween® 20 
(Tw20), sodium lauryl sulfate (SLS) and Antarox® 
A400 (A400)' appear to correlate ivith the relative 



TIME IN MINUTES 

Fig. 1. — ^Rectal absorption curves for sodium io- 
dide from three suppository vehicles; MC-plain, 
MC-Tw20-l%, and CMC-A400-1%. The upper 
curves represent the total period of observation ; the 
lower curves represent the initial eighteen-minute 
portion of the observed data. 

surface tension lowering of the respective vehicles. 
Since the rectal membrane is covered with a relatively 
continuous mucous blanket, the acceleration of 
Nal absorption might well be ascribed to the raucous 
peptizing action of the vehicle ingredients. As a 
result of this cleansing action, additional pore spaces 
could be made available to the iodide ions, thus 
facilitating their movement across the membrane 
barrier. 

It is interesting to note the data obtained witli 
sodium iodide dissolved in the LPEG vehicle are 
also in accord with the above peptizing theor 3 ’- 


I This compound is a polyethylene glycol ether of 
phenol and is now .sold under the trade name of Igcpal® 
CO-G30. 
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The cleansing or peptizing capacity of surfactants is 
not well represented by comparison of the reduction 
in surface tension of the solution. Several physical 
tests are required to evaluate the detersive activity 
of surfactants (13), however, such studies indicate 
that Tw20 is less effective than SLS or A400. The 
latter two agents appear to be equally effective in 
their detergent action. A similar relationship was 
found in the relative effectiveness in modifying the 
rate of absorption of Nal. 

No doubt, without further experimentation, 
any theory put forward to explain the effect of sur- 
factants will be controversial; nevertheless the fact 
remains that the addition of small amounts of these 
additives strikingly increases the rate of absorption 
of the iodide ion from the formulations studied. 
It appears that they accelerate the rate fourfold to 
fivefold. 

Table II and Fig. 2 appropriately summarize the 
data obtained for NaTIP in the suppository sys- 
tems studied. Once again the data confirm the 
postulate that methylcellulose and carboxymethyl- 
cellulose are interchangeable in the vehicles with 
little or no effect on the rate of absorption. Thirtj'- 
two milligrams of NaTIP were present per 100 ml. 
of the vehicles. Therefore at pH 8.6, where 99% 
of the compound was in the anion form, the vehicle 
approached saturation in respect to tlie free acid 
(HTIP). At pH 10, however, only 0.03% of the 
total drug present was in the free acid form, making 
the vehicle approximately 3% saturated. Even 
though there is a thirtyfold change in HTIP con- 
centration between 8.6 and 10.0, a relatively insignifi- 
cant change occurs in the absorption half-life of the 
drug. 


Table IL— Comparison of the Fifty Per Cent 
Absorption Times op V ehicles Containing 
Sodium Triiodophenolate 


Type 

Vehicle ■ • 

Additive 

Surface 

Teasion 

(dynes/ 

cmj 

50% 

Absorption 

Times 

((■A) 

pH 

MC 

plain 

52 

17.3 ± 1.4 

8.6 

CMC 

Plain 

52 

18.6 ± 0.2 

8.6 

MC 

plain 

55 

19.9 dz 0.4 

10.0 

LPEG 

Plain 

46 

42.6 ± 0.4 

10.7 

CMC 

SLS-0.25% 

33 

24.2 ± 0.3 

8.6 

CMC 

SLS-1% 

33 

59.3 ± 1.7 

8.6 

MC 

Tw20-1% 

34 

40.3 ± 1.2 

8.6 

MC 

Tw20-5% 

34 

41.8±0.8 

8.6 


The time for 50% absorption of Nal in the absence 
of surfactants is significantly greater than that for 
NaTIP even though the molecular volume of the 
iodide ion is appreciably smaller than the phenolate 
ion. The reverse might have been expected since 
both the diffusion and absorption processes are known 
to be related to molecular volume characteristics. 
Theoretically, there are several factors which may 
account for the rate differences. Even though the 
absorption of Nal possesses first-order characteris- 
tics over a short range of concentrations, its absorp- 
tion might be sufficiently altered to give a slightlj' 
shorter half-life if used in reduced concentrations. 
A more plausible suggestion is that a portion of the 
phenolate ion is converted into the free phenol at 
the absorption site during the transfer of ions be- 



O 2 4 6 e to 12 14 16 18 


TIME IN MINUTES 

Fig. 2. — Rectal absorption curves for sodium tri- 
iodophenolate from four suppository vehicles: CMC- 
SLS-1%, MC-Tw20-l%, LPEG, and CMC-plain 
The upper curves represent the total period of ob- 
servation; and the lower curves represent the initial 
eighteen-minute portion of the observed data. 

tween intracellular and extracellular fluids Since 
both HTIP and the NaTIP ion might be absorbed 
independentlj', the observed absorption rate may 
be the sum of the individual absorption rates 

While surface-active agents accelerate the absorp- 
tion of Nal, the data presented in Table II and in 
Fig. 2 clearly indicate that the reverse is found for 
NaTIP systems. One explanation of the slow rate 
of absorption might be related to the observation 
of Higuchi and co-workers (11), who have pointed 
to the complexing of certain phenols with long chain 
polyoxyethylene poljTners. One might conclude 
from their work that either the phenolate ion or the 
free phenol complexes with the polyoxyethylene 
moiety in the micelles, or directly as in the case 
of the LPEG vehicles. 

In contrast to Tw20 and A400, SLS possesses no 
polyoxyethylene chains, but instead has an anionic 
polar sulfate group; nevertheless, it markedly 
retards NaTIP absorption. Since micelles are 
present in the SLS systems studied, solubilization 
of the drug ivithin the hydrocarbon portion of the 
micelle might be postulated. This kind of solu- 
bilization would require interaction of the anionic 
triiodophenolate ions with the anionic surfactant 
ions. Such an occurrence is unlikely since it rvould 
be opposed by the coulombic repulsive forces be- 
tween these ions. However, the surfactant micelle 
could solubilize the undissociated triiodophenol. 

In the presence of surface-active agents, the fol- 
lowing equation may indicate the interrelationship 
of the surfactant to the triiodophenol : 
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H+ + TIP- . HTIP 

SAA (Eq. 1) 

Micelle containing 
HTIP 

The hydrolj’sis equation continues to be displaced 
toward the right as the micelle removes HTIP 
from the aqueous environment. Thus, the solution 
would become more alkaline if it were not buffered. 
In such systems, hi vitro experiments showed a 
displacement of the pH to the alkaline side indicat- 
ing that the phenolate ion was removed from the 
aqueous environment. All these events take place 
during the preparation of the dose before insertion. 
When the surfactant has complexed the phenol to 
a large degree, the amount of uncomplexed phenol 
directly available for absorption is reduced commen- 
surably, thus explaining the observed reduction in 
its rate of absorption. 

In the presence of surfactants, we postulate that 
both the phenolate ion and the free phenol are 
reduced in their availabilitj' as expressed by Eq. 1. 
The reduced rate of absorption of the drug in the 
presence of SAA may be postulated as being con- 
trolled by the low rate of release of the drug from the 
drug-surfactant comple.x, or the very slow diffusion 
of the complex to the absorption sites. In the 
absence of the surfactant, both the phenol mole- 
cule and the phenolate ion are free for diffusion and 
absorption; their ratio would be controlled by the 
pH of the media. As mentioned previously, no 
significant difference is observed in the absorption 
rate to NaTIP at pH 10.0 and 8.6. The phenolate 
ion upon reaching the absorption site could be partly 
absorbed as the ion, and partly converted at the 
vehicle membrane interface to the free phenol; 
thus transferring across the rectal epithelial cells. 

EXPERIMENTAL 

The radiological procedures and equipment, 
pharmacological and counting procedures, the 
procedure of s}mthesis of TIP, the method of deter- 
mining radiochemical purity of the TIP, the assay 
of the radioactivity of the labeled compound, and 
the physical characterization of the suppository 
vehicles have been described previously (1). 

Reagents. — The reagents used in this study which 
were not reviewed before ( 1 ) include : sodium lauryl 
sulfate (Dupont), which was twice recrystallized 
from boiling alcohol and washed with ether. The 
purity of tlie dried compound was determined by 
dissolving a sample in distilled water and allowing 
it to pass through an acid activated cation e.xchange 
resin column (Dowex® 60) until the filtrate reached 
a pH of approximately 7. The combined washings 
were then titrated with a standardized solution of 
potassium hydroxide, using phenolphthalein as the 
indicator. The neutralization equivalent thus 
obtained from the free acid, laurjd sulfuric acid, 
was found to be 292.7. 

Formulas for Suppository Vehicles. — In the Nal 
studies, 5 pC. of NaI-131 was added for each 0.2 
ml. of vehicle used. The basic formula for the methyl- 
cellulose vehicle (MC) or the carboxymethylcellu- 
lose vehicle (CMC) follows: 


Methylcellulose 4000 c. p. s., or 
sodium carboxymethylcellulose, 
high viscosity type 1.5 Gm. 

Sodium iodide 0.167 Gm. 

Sodium bisulfite 0.050 Gm. 

Sodium chloride q.s. to make isotonic 

Phosphate buffer (0.050 M, pH 
7.4) g.s. to make 100 . 0 ml. 

The above formula includes the sodium bisulfite 
to maintain the iodide in the reduced state. The 
surface-active agents were added to the above for- 
mulations in the required amounts (1 or 5%) and the 
vehicle readjusted for tonicity and viscosity. The 
isotonic liquid polj'ethylene glycol vehicle (LPEG) 
was designed to contain a large amount of purified 
polj'ethylene glycol 6000 to act as a solvent, an 
agent to increase the viscosit 3 ', and to balance the 
tonicity of the vehicle. The formula ineluded : 

Polyethj’lene glj'col 6000 59.0 Gm. 

Polyethylene glycol 600 5.0 Gm. 

Sodium iodide 0.167 Gm. 

Sodium bisulfite 0.050 Gm. 

Phosphate buffer (0.05 M, pH 
7.8) g.s. to make 100 . 0 ml. 

Triiodophenol was added to a buffered methyl- 
cellulose (MC), or carboxjTOethjdcellulose (CMC), 
vehicle in order to form the sodium phenolate. 
Once again 5 tie. per 0.2 ml. of vehicle was used. 

Methylcellulose, 4000 c. p. s., or 
carboxymethylcellulose high 
vise, type 1.5 Gm. 

Polyethylene glycol 600 6.0 ml. 

Pyrophosphate buffer (0.050 M, 
pH 8.6), or borate buffer 
U. S. P. pH 10.0 g.s. to make 100 . 0 ml. 

The surface-active agents were added to the above 
formulations in the required amounts (1 and 5%) 
and the vehicles tvere readjusted for tonicity and 
viscosity. The isotonic, liquid polj>-ethylene gly- 
col vehicle (LPEG) used for triiodophenol is listed 
below: 


Polyethylene glycol 6000 69.0 Gm. 

Polyethylene glycol 600 5.0 Gm. 

Boric acid 0.33 Gm. 

Sodium borate 0.13 Gm. 


Distilled water (pH 10.7) 

g.s. to make 100.0 ml. 

Design of Experiments and Statistical Analyses 
— Suppository vehicles were designed to possess 
only one variable such as the absence or presence of 
a surface-active agent during each experiment. The 
effect of such a variable on the rate of rectal absorp- 
tion of tlie radio tagged drugs was then assayed by 
tracer techniques using an e.xperiraental series of 
four animals. In order to minimize inaccuracies 
in counting, the level of radioactivity used in each 
experiment resulted in an initial counting rate of 
400 to 500 counts per second. At the end of the 
experiment, the counting rate rarely fell below’ 75 
counts per second, while the background count %vas 
approximate!}’ 3 to 4 counts per second. 

The data from each experimental series were 
collected in tabular form with certain mean per 
cent values converted to log equivalents, which were 
used in the analysis of the data by linear regression 
methods adapted from Snedecor (14). For data 
involving rapid absorption, the values for the slope 
and standard error of the slope were based on log 
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equivalent for the first eight minutes of eaeh exper- 
imental series; for slow absorption, for all other 
absorption studies, on data collected for the first 
eighteen minutes. Time for 50% of the dose to 
be absorbed from each vehicle was determined by 
substituting the values of the slope and standard 
error of the slope into the following equation: 

/’A (in mins.) = 0.301/(slope ± 0 301/standard 
error of the slope) (Eq. 2) 

Solubilization Studies. — ^The solubilization of TIP 
in various aqueous systems was determined by the 
following nephelometric procedure. Approximately 
100 mg. of the compound was dissolved in sufficient 
PEG 600 to make a stock solution containing 1 mg. 
of solute per 1000 mg. of solvent. Aliquots of the 
stock solution were weighed into 100-ml. tared vol- 
umetric flasks and then diluted to volume with iso- 
tonic solutions or isotonic buffered solutions con- 
taining the surface-active agent. After mixing, 
the degree of light scattering for each system was 
detected with a Fischer Neiiuoro-Photometer and 
the per cent transmission was plotted against solute 
concentration. By extrapolation of the plotted 
points to solvent transmission, a numerical value 
was obtained for the amount of solute solubilized 
in each system. 

Determination of the Apparent Dissociation Con- 
stant of Triiodophenol in PEG Vehicles. — The de- 


termination was carried out at room temperature 
using a Beckman pH meter. Model G, and a 1-ml. 
semimicro buret. Five-milliliter aliquots of PEG 
vehicle containing 0 02 millimole of the free acid 
were titrated to neutrality with O.IA'^ HaOH in an 
identical PEG vehicle. The pH readings obtained 
from this procedure were plotted on centimeter 
paper against the microliters of alkali added. 
From the titration curves thus constructed, the pK 
was evaluated to be 8 4 ± 0.1. 
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The Kinetics of Rectal Absorption III.* 

The Absorption of Unciissociated Molecules 

By SIDNEY RIEGELMAN and WILFRED J. CROWELLf 

A study of the rectal absorption of iodide-131 tagged iodoform and 2,4,6-triiodo- 
phenol, at pH’s where the drug is undissociated, was carried out in liquid semi- 
aqueous isotonic vehicles containing the drug in suspension, in true solution, and in 
solution in surfactant micelles. First order analysis of the results indicated that the 
drugs are best absorbed from true solutions in water, or from water suspensions of 
the drug. Surface-active agents and polyoxyethylene polymers markedly retard the 
rate of absorption. The relative particle size of the suspended drug influenced the 
absorption rate. Solution of the drugs in solid polyethylene glycol and oleaginous 
bases resulted in very prolonged absorption times. Head count studies (simulating 
continuous blood level studies) and the data on the tissue distribution of the com- 
pounds are also presented. 


IL-SOLUBLE, undissociated compounds have 
been used frequently as test drugs by 
workers studying the factors affecting the rate 
of absorption of drugs from suppository bases. 
However, probably due to the method for detec- 
tion of the drug available to these workers, only 
conditions producing differences of relatively 


* Received May 3, 1957, from the School of Pharmacy, 
University of California Medical Center, San Francisco 

Presented to the Scientific Section, A Ph A , New York 
meeting, April 1957. 

This paper is based in part on a thesis submitted to the 
Graduate School of the University of California, by W. J 
Crowell in partial fulfillment of the requirements for the de- 
gree of Doctor of Philosophy 

t Parke Davis Fellow. Present address University of 
Southern California School of Pharmacy, Los Angeles 


large magnitude have been able to be detected. 
One of the most important of these methods has 
been the analysis of the concentration of the 
compound in the blood stream. WTiile this 
method results in valuable information pertinent 
to that one drug, such studies are confounded by 
biotransfonnations of the drug and by the poten- 
tial difference in the affinities of the tissues for the 
compound at varying rates of absorption The 
results, therefore, have been veiy' difficult to 
generalize to other compounds, even in the same 
vehicle. Unless there is a direct, proven rela- 
tionship between the rate of absorption at the 
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rectal site and the blood level, it is difficult to 
drav general conclusions By the use of a 
direct radiological method of detection of the 
events taking place at the site of absorption, 
this present series of studies (1,2) has been able 
to detect relatively subtle differences in the rate 
of absorption from suppository \ ehicles 

This communication reports the results ob- 
tained b\ studjung the absorption of two radio- 
tagged, undissociated molecules 2 4,6 triiodo- 
phenol (HTIP), and iodoform (IF) from the 
rectal passage of a female rat Liquid isotonic 
semi aqueous vehicles have been formulated con- 
taining the drugs in suspension, in true solution 
m water and in polyethylene glycol, and micellu- 
larly solubilized by surface active agents Solid 
poh ethylene glycol and cocoa butter t> pe bases 
have been studied in an attempt to correlate 
such data n ith the results of other workers in the 
field In addition, this communication includes 
data on the total tissue distribution of the 
drugs and head counts (simulating continuous 
blood level studies) on the two undissociated 
molecules as well as sodium iodide It is now 
possible to draw some comparisons and general 
izations from the studies relative to the work done 
bv other techniques 

RESULTS AND DISCUSSION 

It IS essential for these studies that extraneous 
iodide 131 be remoied or reduced to an absolute 
minimum in the samples of iodoform and triiodo 
phenol During the synthesis of the compounds, 
scxeral additional steps nere taken to remove all 
traces of iodide 131 The punt) of both compounds 
Mas evaluated bj paper chromatographj combined 
M ith radioautographic techniques Radio tagged 
iodoform samples m ere found to contain one to two% 
radioactiv e iodide impurities If the iodoform Mere 
decomposed to a large extent into iodide, the rate of 
absorption of the compound should follow the pat- 
tern of results obtained with that ion The signifi- 
cant difference m results betMeen the rectal absorp- 
tion rates of IF and Nal 131 appears to confirm 
the postulate that the compound is relativelj free 
of trace iodides and is not broken doMii to iodide 
prior to absorption Radio ictive triiodophenol 
Mas found to be essential!} free of radioactive iodide 
impurities Both compounds Mere stored in a 
nonaqueous solution composed of undiluted pol} - 
eth}Iene gl}Col 600 This measure Mas necessary 
to prevent contamination of the area, since both 
compounds sublimed when stored as solids In the 
majorit} of experiments, the radio tagged samples 
M ere used for onl} a period of seven days or less in 
order to sta} vv ithin one radioactiv e half-life of the 
iodide 

The vvater saturation concentration for iodoform 
in the plain meth} Icellulose vehicle Mas found to be 
8 mg % In the v chicles reported m Table I, 
iodoform was present to the extent of 32 mg % 
Therefore, the compound was present as a suspended 


solid phase, exceeding its solubility in the plain MC 
vehicle by fourfold However, when the surface 
active agents were added to the MC vehicle or 
when the isotonic liquid polyethylene glycol (LPEG) 
vehicle was studied, the iodoform was complete!} 
dissolved 

Table I — Fifty Per Cent Absorption Times for 
Triiodophenol-Iodoform from Various Vehicles 


/ Vehicle * / — 50% Absorption Time (/i/i)— ' 

Type Additive IF HTIP 


MC 

plain 

13 

CO 

H- 

o 

5 

35 0 ± 0 S'* 

MC 

Tw20 




28 5 ± 0 6 


0 25% 





MC 

Tw20 1% 

24 

7± 1 

2 

39 7 ± 0 5 

MC 

Tw 20 5% 

25 

1 ±0 

4 

44 9 ± 0 8 

LPEG 

23 

2±0 4 

43 8 ± 1 S*' 

MC 

SLS 0 25% 




49 6 ± 0 9 

MC 

SLS-1% 




73 3 ± 1 7 


o All MC HTIP vehicles were adjusted to pH 4 6 
& All LPEG HTIP vehicles were adjusted to pH 5 9 


Triiodophenol has been found to possess a pKo 
of 6 6 in water (3), and 8 4 m the LPEG vehicle 
Therefore, vv'hen dispersed in a MC vehicle buffered 
to pH 4 6, the triiodophenol is present to the 
extent of 99% in the free acid form (HTIP) In 
the LPEG vehicle, the drug was buffered to pH 
5 9 in order to assure that greater than 99% of the 
amount present was in the undissociated form In 
the studies reported in Table I, the concentration 
of triiodophenol was maintamed at 32 mg % 
The solubility of the compound m the MC vehicle 
was found to be 300 meg % , the compound, thereby, 
was present as a suspended phase m the MC vehicle 
exceeding the solubility by approximately one hun 
dredfold The solubility was markedly increased 
when the surface-active agents were added to the MC 
vehicle containing 32 mg % of triiodophenol 
When 0 25% of sodium lauryl sulfate orTneen®20 
were included, the HTIP only slightly exceeded 
the saturation concentration of the tivo vehicles, 
producing a slight amount of turbidity The com- 
pound was completely m solution in all the other 
vehicles included 

In Fig I, curve C represents IF m the plain MC 
vehicle where it is m suspension, curve B, IF in 
solution m MC-Tw 20 1% vehicle, and curve C, 
IF in solution in the LPEG vehicle Although the 
aqueous systems contain the drug in excess over 
Mater solubility, the rate of absorption is greater 
than in tlie Tm 20 and LPEG systems It is inter 
esting to observe that the rates of absorption from 
the tivo latter vehicles are very similar even though 
the LPEG vehicle contains many more equivalents 
of oxyethylene groups than the Tw 20 vehicle 

Figure 2 represents HTIP m an aqueous MC 
suspension — -curve D, and in the presence of various 
concentrations of Tm 20 and SLS — curves A to C 
The systems containing SLS are more effective in 
retarding the drug absorption than are the Tw 20 
systems A 0 25% concentration of SLS produced a 
slower rate of HTIP absorption than did a 6% 
concentration of Tw 20 The drug is micellularly 
solubilized by both surfactants From the studies 
of Higuchi and co worker (4), we can assume inter- 
action of the phenol with polyoxyethylene chains 
of Tw 20 Practically nothing is known of the 
t> pe of interaction betw een the HTIP and the laur} 1 
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sulfate ions; yet from the above data ive must 
presume that the latter type of complcxing is greater 
than the former, when evaluating on the basis of 
drug release. 



TIM£ IN MINUTES 


Fig. 1. — Rectal absorption curves for iodoform 
from three suppositorj' vehicles. Upper curves 
represent total period of observation; lower curves 
represent initial e.xpanded portion of observed data. 

Comparison of the HTIP absorption rates at the 
0.25% level of the respective SAA indicates an 
anomalj' in the results. The 0.25% Tw 20 system 
caused a slight increase in the rate of absorption 
when compared to the aqueous suspension; while 
the SLS 0.25% system produced a marked retarda- 
tion. Both of these vehicles contained a small 
e.\cess of the drug, as compared to the aqueous MC 
suspension; the large increase in water solubility 
being due to the presence of micelles in both solu- 
tions. The rate of solution of the drug from the 
solid interface, as well as its rate of release from the 
drug-micelle complex, are undoubtedly both in- 
volved in the pattern of results. These results 
should be confirmed by further studies. However, 
the results contribute further evidence to confirm 
the postulate that the surface-active agents do not 
cause damage to the mucous membranes, which 
was presented in an earlier paper (2). Sodium 
lauryl sulfate is known to be more hemolytic than 
is Tw 20; indeed, the latter compound is used in 
parenterals. The same relative activity has been 
shown with other tjqies of biological membranes. 
It would appear, therefore, that had the surfactants 
damaged the mucous membranes of the rectal 
passage, the rate of absorption of the drugs in sodium 
lauryl sulfate solution should be shorter than the 
comparative solution containing Tw 20. The oppo- 
site results were obtained. 



TIME IN MINUTES 


Fig. 2. — Rectal absorption curves for 2,4,6-triio- 
dophenol in the methylcellulose vehicle and in the 
presence of several concentrations of two different 
surface-active agents. The data depict the marked 
retarding action of the surface-active agents. 


Another interesting comparison can be made 
between the effects of identical concentration of 
surfactants on the absorption of free triiodophenol 
and its salt as reported previously (2). The 
absorption of both moieties is markedly retarded 
relative to systems containing no surface-active 
agents, as illustrated below in Table II. 

Table II. — Comparison of the Fifty Per Cent 
Absorption Times of Triiodophenol and Sodium 
Triiodophenolate 


Type 

'Vehicle 

Additive 

* — 50% Absorpti 
HTIP° 

ion Time (ti/ 1 )~- 
NaTIPb 

MC 

plain 

35.0±0.8 

17.3±1.5 

MC 

Tw20-1% 

49.9±0.8 

41.8±0.8 

MC 

Tw 20-5% 

28.5±0.6 


MC 

SLS-1% 

73.3 ± 1 


CMC 

SLS-1% 


59.3±1.7 

MC 

SLS-5% 

49.6±0.9 


CMC 

SLS-5% 


24.2 ± 0.3 


° All HTIP vehicles were buffered with an acetate buffer to 
pH 4.6. 

& All NaTIP vehicles were buffered with pjwophosphate to 
pHS.6. 


It should be noted that in the Tween systems, 
the time interval for 50% absorption of HTIP and 
NaTIP are in relatively close agreement. However, 
those listed for the SLS vehicles are significantly 
different. Anionie surfactants, such as SLS, are 
known to be much more affected by electrolytes 
than are nonionic surface-actNe agents, sueh as 
Tw 20. Apparently a change from a nonionic to 
an anionic surfactant, and a change from a mono- 
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valent to a polyvalent anion within the buffer 
greatly affects the surfactant micelle size and thereby 
affects the absorption rate. 

Effect of Particle Size on Absorption Rate. — Both 
IF and HTIP were used in an attempt to evaluate 
the effect of particle size on the rate of rectal ab- 
sorption. Data for these studies are summarized in 
Table III. Freshly precipitated iodoform and triio- 


Table III. — Effect of Particle Size on the 
Fifty Per Cent Absorption Time of Iodoform 

AND TrIIODOPHENOL 


Vehicle 

Concen- 
tration 
(mg. %) 

Compound 

50% 

Absorption 
Time C<i/ 1 ) 

MC 

8. 

IF-Soln. 

Q.SzbO.e 

MC 

16. 

IF-Fresh'’ 

13.3 ± 0.5 

MC 

48. 

IF-Fresh* 

29.3±0.7 

MC 

48. 

IF- Aged*' 

37,1 ±0.6 

MC 

32. 

HTIP-Fresh“ 

35 0 ± 0.8 

MC 

32. 

HTIP-Aged* 

41 6 ±0.8 


o Precipitated in presence of raethylcellulose and used 
within three hours after preparation 

b precipitated in absence of methylcellulose and aged eight 
to ten hours before being used. 

dophenol were prepared by precipitation from a 
solution of the compounds in polyethylene glycol 
600 into an aqueous medium containing metlod- 
cellulose as a peptizing and suspending agent. 
This procedure produced a semicolloidal dispersion 
of the compounds which was stable over several 
days' standing. The aged systems were precipi- 
tated in the absence of raethylcellulose and aged 
eight to ten hours prior to the addition of the 
raethylcellulose and the use of the suppository ve- 
hicle in absorption studies. The latter procedure 
allowed the compounds to crj'stallize into distinct, 
large crystal masses; therefore, a large difference 
in surface area resulted. This can be expected to 
produce a large difference in the rate of solution of 
the two different tj^pe solids, since solution rate is 
directly related to surface e.\posed to the solvent. 
Radioactive HTIP was present in the above ve- 
hicles in concentrations approximately one hundred 
times that of water saturation. No attempt was 
made to study HTIP in water-saturated solution. 
The radioactive HTIP in the vehicles studied gave 
an external counting rate of 400 to SOO counts per 
second. It was not experimentally feasible to syn- 
thesize TIP at a higher Specific activity. A water- 
saturated system of HTIP would have resulted in an 
external initial counting rate of 4 to 5 counts per 
second. Such a counting rate would be difficult to 
ei'aluate since it is only a few counts above normal 
background activity. 

The IF concentrations range from saturation (8 
mg. %) to approximately sLx times that of the water 
saturation value. A comparison of the different 
IF preparations shows that as the concentration of 
IF increases beyond water saturation, the rate of 
absorption decreases. This decrease in all probabil- 
ity is due to the solution of the suspended crystalline 
material. When the IF semicolloidal dispersions 
are allowed to age for twelve hours, larger crystals 
are formed and the absorption rate is further de- 
creased. Similar results were obtained when these 
studies were repeated using freshly precipitated and 
aged samples of HTIP. 


It is remarkable that HTIP is absorbed in such a 
relatively brief period of time. The experimental 
results show that one-half of the total amount of 
drug present, essentially all in the solid phase, dis- 
solved in the vehicle and was absorbed during a 
thirty-five-minute period. The first paper of this 
series (1) presented evidence for the postulate that 
diffusion of the drug within the vehicle is the rate 
limiting step for the absorption process. It is 
possible that the rate of solution and, in turn, the 
rate of diffusion from the solid-liquid interface is 
the controlling factor for the pseudo-first order data 
obtained with these systems. 

Absorption of Undissociated Compounds from 
Solid Vehicles. — Studies involving absorption of 
undissociated compounds from the rectum of the 
rat were also carried out using IF and HTIP in solid 
polyethylene glycol (SPEG), solid hard butter 
(SHB), and solid cocoa butter (SCB). The radio- 
activity was maintained at approximately the same 
level as used in the liquid systems. A summary of 
the resulting data is shown in Table IV and Figs. 3 
and 4, with data for the liquid PEG vehicle included 
for comparative purposes. 

Although their absolute solubilities were not 
determined, both IF and HTIP were observed to be 
much more soluble in PEG and oleaginous bases 
than in aqueous MC and CMC vehicles. In general, 
as much as one per cent HTIP was found to be sol- 
uble in SPEG, while less than halt this amount 
appeared to dissolve in liquid cocoa butter and 
hard butter. 

It is apparent in Figs. 3 and 4 that the normal 
shape of the absorption curve is affected during the 
first ten minutes by the melting characteristics of 
the vehicles. Experiments were conducted using 
supercooled, liqu^ed form of cocoa butter and 
hard butter. As may be expected, no significant 
differences in the rate of absorption, beyond the 
first ten minutes, were obtained. 


Table IV. — Fifty Per Cent Absorption Time 
FROM Solid Vehicles 


V'ehicfe 

Compound 

50% 

Absorption 

Time (Ji/ j) 

LPEG 

IF 

23,2 ± 0.4 

SPEG 

IF 

39. 5± 1.4 

SCB 

IF 

169.2 ± 9.1 

LPEG 

HTIP 

43. 8± 1.3 

SPEG 

HTIP 

45.4 ± 0.9 

SCB 

HTIP 

278.2 ± 9.6 

SHB 

HTIP 

297.8 ± 12.8 


Two different physical processes may account for 
the significant differences in time for 50% absorp- 
tion of IF and HTIF from the liquid and solid ve- 
hicles. The latter group of vehicles soften or melt 
at body temperature, but the drug must partition 
from the oil to the water phase during the absorp- 
tion process. This phenomenon presents a barrier 
to rapid absorption. The SPEG vehicle is a hyper- 
tonic system, and it must absorb water from the 
rectum for its dispersion (m. p., 52-55°) and even- 
tual release of medicaments. HTIP is absorbed 
from SPEG at approximately the same rate as from 
LPEG, while there is a significant difference in 
time for 50% IF absorption from similar vehicles. 
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It is difficult to conclude whether the observed 
differences arc due to the degree of complexing of 
the two drugs or due to the concentration of PEG 
in LPEG as compared to SPEG. 



TIME IN MINUTES 

Fig. 3 — Rectal absorption curves for iodoform 
from a solid cocoa butter, solid polyethylene glycol 
and a liquid polyethylene gls^ol suppository v^icle. 



Fig. 4. — Rectal absorption curves for triiodo- 
phenol from solid oleaginous and polyethylene glycol 
suppository vehicles. 


Head Count Studies. — number of workers (5-9), 
during recent years, have endeavored to obtain 
kinetic data on drug absorption from the rectum by 
periodicallj’’ sampling blood and detecting the 
amount of drug present. A brief study was made 
using an external counting method to determine the 
rate of accumulation of NaI-131, IF, and TIP in 
the area of the rat's head in an attempt to compare 
the rectal data obtained in the investigation with 
data that might be obtained by blood sampling. 
At the head, the level of radioactivity at any given 
moment should be related to the blood level of the 
absorbed compound. 

The data obtained are represented graphically 
in Fig. 5. A comparison of curves A and B to 
curve C shows significant differences in accumula- 
tion rates of the three compounds within the head. 
One might arrive at two different sets of conclu- 
sions from comparison of the curves for IF and 
NaI-131; one set for the first twenty minutes of 
sampling, and a second set for the remainder of the 
experiment. If the results were used to interpret 
events taking place in the rectum, conclusions drawn 



Fig. 5. — Curves showing the accumulation of rec- 
tally absorbed sodium iodide, iodoform and trno- 
dophenol in the head of the rat. 

could be very misleading since the rectal data show 
IF to be absorbed at a significantly faster rate than 
NaI-131. The head count data beyond the first 
twenty minutes appear to indicate that IF is ab- 
sorbed from the rectum more slowly than NaI-131. 
The shape of the curves obtained in these studies 
may be related to the distribution of the absorbed 
compound in various tissues of the rat 

Pistribution Studies. — At the end of the sixty- 
minute experimental head-count study, the animals 
were sacrificed and dissected in order to determine 
the distribution of the absorbed compounds in 
x^arious organs and tissues Table V summarizes 
the results for all three radio-tagged compounds 


Table V. — Tissue Distribution One Hour after 
Rectal Absorption of Radioactive Dose 


Tissue 

Gram 

Wet 

Weight® 

Per 

Cent 

Nal- 

131fr 

Per 

Cent 

IFb 

Per 

Cent 

TIPft 

Blood 

3.2±0 5 

3 0 

2 8 

2.5 

Heart 

0 6±0.1 

0 4 

0 4 

0.6 

Spleen 

0 7±0 3 

0 5 

0 6 

0 7 

Lungs 

1.7±0 3 

1 0 

1.1 

1 3 

Thyroid 


0 4 

0.5 

0 3 

Kidneys 

1.4±0.2 

0 8 

1 0 

4 3 

Urine 


0 7 

0 9 

1 1 

Liver 

7 0±0.4 

2 5 

3.8 

9 3 

Stomach 

2 9±1.0 

7 3 

10.5 

2 4 

Small and 

Large Intes- 

tine 

11 8±2.3 

6 4 

5 3 

7 9 

Skin 

27.S±2.7 

15 1 

14.7 

13 6 

Rectal Portion 

Containing 

Dose 


23 5 

21.8 

28 9 

Balance from 

Ground Car- 

cass 

117.0 ±8.7 

30 5 

27 3 

20 5 

Total Dose Accounted For 

92 1 

90 7 

93.4 


Pooled mean and standard de\ lation for three groups of 


four aaima25 

h Mean of four animals based on total dose administered 

With the exception of the kidneys, liver, ground 
carcass, and the rectal portion containing tlie dose. 
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valent to a polj'^-alent anion within the buffer 
greatly affects the surfactant micelle size and thereby 
affects the absorption rate. 

Effect of Particle Size on Absorption Rate. — Botli 
IF and HTIP were used in an attempt to evaluate 
the effect of particle size on the rate of rectal ab- 
sorption. Data for these studies are summarized in 
Table III. Freshly precipitated iodoform and triio- 


Table III. — Effect of Particle Size on the 
Fifty Per Cent Absorption Time of Iodoform 

AND TrIIODOPHENOL 


Vehicle 

Concen- 

tration 

(ms- %) 

Compound 

50% 

Absorption 
Time (h/i) 

MC 

8. 

IF-Soln. 

9.S±0.6 

MC 

16. 

IF-Fresh“ 

13,3 ± 0.5 

MC 

48. 

IF-Fresh" 

29.3 ±0.7 

MC 

48. 

IF-Aged*' 

37.1 ±0.6 

MC 

32. 

HTIP-Fresh» 

35 0 ± 0.8 

MC 

32. 

HTIP-Aged‘ 

41 6 ±0.8 


° Precipitated in presence of methylcellulose and used 
within three hours after preparation. 

fr Precipitated in absence of methylcellulose and ag’ed eight 
to ten hours before being used. 

dophenol were prepared by precipitation from a 
solution of the compounds in polyethylene glycol 
600 into an aqueous medium containing methyl- 
cellulose as a peptizing and suspending agent. 
This procedure produced a semicolloidal dispersion 
of the compounds which was stable over several 
days’ standing. The aged systems were precipi- 
tated in the absence of methylcellulose and aged 
eight to ten hours prior to the addition of the 
methylcellulose and the use of the suppository ve- 
hicle in absorption studies. The latter procediHe 
allowed the compounds to crystallize into distinct, 
large crystal masses; therefore, a large difference 
in surface area resulted. This can be expected to 
produce a large difference in the rate of solution of 
the two different type solids, since solution rate is 
directly related to surface e.\posed to the solvent. 
Radioactive HTIP was present in the above ve- 
hicles in concentrations approximately one hundred 
times that of water saturation. No attempt rvas 
made to study HTIP in water-saturated solution. 
The radioactive HTIP in the vehicles studied gave 
an external counting rate of 400 to 500 counts per 
second. It was not experimentally feasible to syn- 
thesize TIP at a higher specific activity. A water- 
saturated system of HTIP would have resulted in an 
external initial counting rate of 4 to 5 counts per 
second. Such a counting rate would be difficult to 
evaluate since it is only a few counts above normal 
background activity. 

The IF concentrations range from saturation (8 
mg. %) to approximately sLx times that of the water 
saturation value. A comparison of the different 
IF preparations shows that as the concentration of 
IF increases bej’ond water saturation, the rate of 
absorption decreases. This decrease in all probabil- 
ity is due to the solution of the suspended crystalline 
material. When the IF semicolloidal dispersions 
are allowed to age for twelve hours, larger crystals 
are formed and the absorption rate is further de- 
creased. Similar results were obtained when these 
studies were repeated using freshly precipitated and 
aged samples of HTIP. 


It is remarkable that HTIP is absorbed in such a 
relatively brief period of time. The experimental 
results show that one-half of the total amount of 
drug present, essentially all in the solid phase, dis- 
solved in the vehicle and was absorbed during a 
thirty-five-minute period. The first paper of this 
series (1) presented evidence for the postulate that 
diffusion of the drug within the vehicle is the rate 
limiting step for the absorption process. It is 
possible that the rate of solution and, in turn, the 
rate of diffusion from the solid-liquid interface is 
the controlling factor for the pseudo-first order data 
obtained with these systems. 

Absorption of Ilndissociated Compounds from 
Solid Vehicles. — Studies involving absorption of 
undissociated compounds from the rectum of the 
rat were also earried out using IF and HTIP in solid 
polyethylene glycol (SPEG), solid hard butter 
(SHE), and solid cocoa butter (SCB). The radio- 
activit 3 ’- was maintained at approximately the same 
level as used in the liquid systems. A summary of 
the resulting data is shown in Table IV and Figs. 3 
and 4, with data for the liquid PEG vehicle included 
for comparative purposes. 

Although their absolute solubilities were not 
determined, both IF and HTIP were observed to be 
much more soluble in PEG and oleaginous bases 
than in aqueous MC and CMC vehicles. In general, 
as much as one per cent HTIP was found to be sol- 
uble in SPEG, while less than halt this amount 
appeared to dissolve in liquid cocoa butter and 
hard butter. 

It is apparent in Figs. 3 and 4 that the normal 
shape of the absorption curve is affected during the 
first ten minutes by the melting characteristics of 
the vehicles. Experiments were conducted using 
supercooled, liqu^ed form of cocoa butter and 
hard butter. As may be e.xpected, no significant 
differences in the rate of absorption, beyond the 
first ten minutes, were obtained. 


Table IV.— Fifty Per Cent Absorption Time 
prom Solid Vehicles 


Vehicle 

Compound 

50% 

Absorption 

Time (/i/i) 

LPEG 

IF 

23.2 ± 0.4 

SPEG 

IF 

39. 5± 1.4 

SCB 

IF 

169.2 ± 9.1 

LPEG 

HTIP 

43. 8± 1.3 

SPEG 

HTIP 

45.4 ± 0.9 

SCB 

HTIP 

278.2 ± 9.6 

SHE 

HTIP 

297.8 ± 12.8 


Two different physical processes may account for 
the significant differences in time for 50% absorp- 
tion of IF and HTIP from the liquid and solid ve- 
hicles. The latter group of vehicles soften or melt 
at body temperature, but the drug must partition 
from the oil to the water phase during the absorp- 
tion process. This phenomenon presents a barrier 
to rapid absorption. The SPEG vehicle is a hyper- 
tonic sj'stem, and it must absorb water from the 
rectum for its dispersion (m. p., 53-55°) and even- 
tual release of medicaments. HTIP is absorbed 
from SPEG at approximately the same rate as from 
LPEG, while there is a significant difference in 
time for 50% IF absorption from similar vehicles. 
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It is difficult to conclude whether the observed 
differences are due to the degree of coraplexing of 
the two drugs or due to the concentration of PEG 
in LPEG as compared to SPEG. 



Fig. 3. — Rectal absorption curves for iodoform 
from a solid cocoa butter, solid polyethylene glycol 
and a liquid polyethylene glj'Col suppositorj' vehicle. 



Fig. 5. — Curves showing the accumulation of rec- 
tally absorbed sodium iodide, iodoform and triio- 
dophenol in the head of the rat. 



Fig. 4. — Rectal absorption curves for triiodo- 
phenol from solid oleaginous and polyethylene glycol 
suppository vehicles. 


Head Count Studies. — number of workers (5-9), 
during recent years, have endeavored to obtain 
kinetic data on drug absorption from tlie rectum by 
periodically sampling blood and detecting the 
amount of drug present. A brief study was made 
using an external counting method to determine the 
rate of accumulation of NaI-131, IF, and TIP in 
the area of the rat’s head in an attempt to compare 
the rectal data obtained in the investigation with 
data that might be obtained by blood sampling. 
At the head, the level of radioactivity at any given 
moment should be related to the blood level of the 
absorbed compound. 

The data obtained are represented graphically 
in Fig. 5. A comparison of curves A and B to 
curve C shows significant differences in accumula- 
tion rates of the three compounds within the head. 
One might arrive at two different sets of conclu- 
sions from comparison of the curves for IF and 
NaI-131: one set for the first twenty minutes of 
sampling, and a second set for the remainder of the 
experiment. If the results were used to interpret 
events taking place in the rectum, conclusions drawn 


could be very misleading since the rectal data show 
IF to be absorbed at a significantly faster rate than 
NaI-131. The head count data bej'ond the first 
twenty minutes appear to indicate that IF is ab- 
sorbed from the rectum more slowly than NaI-131. 
The shape of the curves obtained in these studies 
may be related to the distribution of the absorbed 
compound in various tissues of the rat. 

Distribution Studies. — At the end of the sixty- 
minute experimental head-count study, the animals 
were sacrificed and dissected in order to determine 
the distribution of the absorbed compounds in 
various organs and tissues. Table V summarizes 
the results for all three radio-tagged compounds. 


Table V. — Tissue Distribution One Hour after 
Rectal Absorption of Radioactive Dose 


Tissue 

Gram 

Wet 

Weight® 

Per 

Cent 

Nal- 

1316 

Per 

Cent 

IF6 

Per 

Cent 

TIP6 

Blood 

3.2 ±0.5 

3.0 

2.8 

2.5 

Heart 

0.6±0.1 

0.4 

0.4 

0,6 

Spleen 

0.7±0.3 

0.5 

0.6 

0.7 

Lungs 

1.7±0.3 

1.0 

1.1 

1.3 

Thyroid 


0.4 

0.5 

0.3 

Kidneys 

1.4±0.2 

0.8 

1.0 

4.3 

Urine 


0.7 

0.9 

1.1 

Liver 

7.0 ±0.4 

2.5 

3.8 

9.3 

Stomach 

2.9±1.0 

7.3 

10.5 

2.4 

Small and 

Large Intes- 

tine 

11.8±2.3 

6.4 

5.3 

7.9 

Skin 

27.8±2.7 

15.1 

14.7 

13.6 

Rectal Portion 

Containing 

Dose 


23.5 

21.8 

28.9 

Balance from 

Ground Car- 

cass 

117.0 ±8.7 

30.5 

27.3 

20,5 

Total Dose Accounted For 

92.1 

90.7 

93.4 


« Pooled mean and standard deviation for three groups of 
four animals. 

& Mean of four animals based on total dose administered. 


With the exception of the kidneys, liver, ground 
carcass, and the rectal portion containing the dose. 
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all three compounds are rather uniformly distrib- 
uted in the rat. The per cent discrepancy between 
the amount of drug administered and the sum of the 
individual tissue percentages is due to the differ- 
ences in the geometry under which the samples 
are observed b}' the counter. 

The distribution of IF in the rat parallels that of 
Nal'131. The iodide is known to follow chloride 
distribution in the body. Since chloride is confined 
largely to the extracellular fluids, it may be assumed 
that IF is degraded, following absorption from the 
rectum to give iodide ion as one of the end products. 
The fact that both 1-131 and IF are concentrated in 
the stomach to a much greater degree than TIP 
would support the latter assumption. 

As compared to 1-131 and IF, TIP is more con- 
centrated in the liver and kidneys of the rat, but 
less concentrated in the stomach tissues. The lower 
per cent value for TIP in the latter organ might be 
attributed to the stability of this compound in 
the presence of metabolic processes which possibly 
degrade IF to the iodide state. 

During the NaI-131 distribution studies, a non- 
fasted rat was accidentally used; upon analysis, the 
stomach distribution value was found to be almost 
double that of the fasted animals. One might con- 
clude, in view of this finding, that the blood levels 
are dependent on the degree of fasting of the 
test animal. 

The amount of carrier in a vehicle influences the 
concentration of absorbed compound in the blood 
or various tissues; for example, Pearlman and co- 
workers (10) have found that when a tracer dose of 
NaI-131 containing 0.5 mg. inert potassium iodide 
is administered to rats, less than 2% is concentrated 
in the thyroid during a five-hour period. This value 
is in accord with our finding of 0.39%, found one 
hour after administering NaI-131 in the presence of 
approximately 0.33 mg. of inert sodium iodide. 

EXPERIMENTAL 

The radiological procedures and equipment, the 
pharmacological and counting procedures, the 
method of synthesis of HTIP and IF, the method of 
determining the radiochemical purity of HTIP, the 
assay of the radioactivity of the labeled compounds, 
and the physical characterization of the suppository 
vehicles have been described previously (1,2). 

Reagents. — The reagents used in this study which 
were not reviewed previously (1, 2) include: cocoa 
butter, U. S. P. grade, (Ghirardelli Co.) m. p. 34.5°; 
and hard butter, type M (Best Foods); a trigly- 
ceride substitute for cocoa butter possessing a 
softening point of 37.4°, saponification value 234, 
iodine value 2.9. 

Formulas for Suppository Vehicles. — The basic 
methylcellulose (MC) veliicle used for both IF and 
HTIP is given below: 

Polj’ethylene glycol 600 5,0 Gm. 

Methylcellulose 4000 c. p. s 1.5 Gm. 

NaCl q. s. to make isotonic 

Bufi^er q.s. ad 100.0 ml. 

A 0.05 ilL phosphate buffer, pH 7.4, was used for IF; 
while a 0.05 3/ acetate buffer, pH 4.6, was used for 
HTIP. The surface-active agents were added to 
the above formulations in the required amounts 


(0.25 to 5%) and the vehicles were readjusted for 
tonicity and viscosity. 

The isotonic liquid polyethylene glycol (LPEG) 
vehicle was designed to contain a large amount of 
purified polyethylene glycol 6000 in order to bal- 
ance the viscosity and tonicity of the vehicle as 
well as possessing solvent properties for the IF and 
HTIP. The formulas for both compounds included: 


Polyethylene glycol 6000 59.0Gffl. 

Polyethylene glycol 600 5.0 Gra. 

Distilled water (IF) 


or Acetate buffer (0.05 M, pH 5.9) 

q. s. ad 100.0 ml. 

The solid polyethylene glycol vehicle (SPEG) 
used for both IF and HTIP was formulated as fol- 
lows; 


Polyethylene glycol 6000 85.0 Gm. 

Polyethylene glycol 600 5.0 Gm. 

Distilled water to make 100.0 Gm. 


Solid cocoa butter (SCB) vehicle and the solid 
hard butter (SHB) vehicle were used as received 
from the manufacturer. 

Preparation and Insertion of Solid Vehicles. — 
When IF and HTIP were intended for incorpora- 
tion into solid vehicles, they were dissolved individu- 
ally in 3 ml. of hot ethanol. Aliquots of each 
ethanol solution were distributed equally among 
three 12-ml. centrifuge tubes. The labeled com- 
pound in each tube was precipitated from solution by 
the addition of distilled water and collected by cen- 
trifugation. The activity of the drug was deter- 
mined and sufficient melted base was added to 
bring the compound into solution. While in the 
fused state, the vehicle containing the labeled com- 
pound was transferred in 0.2-ml. quantities, con- 
taining 5 ixc. activity, to a series of specially pre- 
pared glass tubes. Each tube was 4 cm. in length 
with a 2-mm. inside diameter. A piece of cork was 
placed midway in the empty tube to serve later as 
a plunger for inserting the suppository. 

When the solid preparations were administered, 
the glass tube containing the cork-suppository unit 
served as a distal rectal plug. Leakage of the ve- 
hicle to the outside was prevented by placing 
a layer of tape around the portion of the tube 
introduced into the anal opening. The cork 
remained in the orifice of the tube after delivery of 
the suppository to complete the seal. 

Distribution Studies. — ^Each IF, TIP, and NaI- 
131 distribution study represents the mean of tlic 
data obtained from four rats, which were sacrificed 
one hour after the rectal administration of a 0.2-ffll. 
dose of labeled substance in MC vehicles. The per 
cent of the dose in various tissues was determined by 
skinning each animal, dissecting its organs, and 
grinding up the remains in a meat grinder. The 
skin and ground portions were put in separate round 
paper containers while the organs were placed on 
small round tin planchets. In order to correct the 
geometry and radioactive decay, an aliquot portion 
of the dose was run on the same shelf, in a similar 
planchet, and at the same time as the tissues. 
From the aliquot portion (1 ml.) of the diluted dose 
(0.2 ml. q. s. ad 100 ml.) the total number of counts 
per second for the dose administered was calculated. 
The activity of the labeled compound in each organ 
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was then expressed as a percentage of the calculated 
value. A second scintillation counter was used for 
this procedure. 

Head Count Studies. — Each IF, TIP, and Nal- 
131 head count study represents the mean of the 
data obtained from four rats. Each rat was pre- 
pared in the same manner as described for the 
rectal studies using MC vehicles with the following 
e.\ception — the hind legs of the rat were taped to 
the plexiglass with the upper e.xtremities extending 
over the edge of the plexiglass support so as to allow 
the head of the rat to cover the one-inch collimator 
opening This type of placement allowed one to 
duplicate the geometry more accurately than other 
methods attempted The collimator was shielded 
with lead bricks so that initial counts were at back- 
ground level. Instead of following the rate of dis- 
appearance of each labeled compound from the 
rectum, its rate of accumulation was determined in 


the head of the animal at five-minute interv^als for 
the first hour. 
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Colorimetric Determination of Thymol in Thyme Oil* 

By L. FIBRANZ, M. I. BLAKE, and C. E. MILLER 


A method for the analysis of thymol in thyme 
oil is presented. It is based upon the ab- 
sorptive properties of the yellow color which 
develops when thymol is treated vvith p- 
dimethylaminobenzaldehyde in sulfuric acid 
as solvent. Both the red and white varieties 
of thyme oil are investigated. The procedure 
is compared with the ofiicial method and a 
nonaqueous titration method. 

' I ^HYME OIL, tyqDical of the volatile oils which 
contain predominantly phenolic constituents, 
is assayed by treatment with an alkali hydroxide 
(1). According to Guenther (2) this technique 
was first applied by Gildemeister for the deter- 
mination of phenols in thj^me oil. It is now a 
general method for the analysis of phenols in vol- 
atile oils. 

Guenther points out several factors which may 
lead to erroneous results. Any alkali-soluble or 
water-soluble constituents or adulterants will 
dissolve in the aqueous phase and will be calcu- 
lated as phenols. An aqueous solution of alkali 
phenoxide is a better solvent for the nonphenolic 
portion of an oil than is the alkali solution. The 
use of large sample volumes (10 ml.), the diffi- 
culty of reading the meniscus accurately, and the 
lengthy reaction period (overnight for thyme oil) 
are additional drawbacks. Experimental work 
in this laboratory indicates that good precision is 

* Received 3, 1957, from the School of Pharmacy, 
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not attainable with this assay procedure. 

Menthol in peppermint oil has recently (3) 
been accurately determined by measuring the 
absorptive properties of the red color which de- 
velops when menthol is treated with ^-dimethyl- 
aminobenzaldehyde. The present report de- 
scribes a similar reaction for thymol. The 
method is applied to the quantitative determina- 
tion of thymol in thyme oil and is compared 
with the official procedure and a nonaqueous 
titration method. 

EXPERIMENTAL 

Color Reagent. — ^The color reagent was prepared 
by dissolving 125 mg. of /)-dimethylaminobenzalde- 
hyde, reagent grade, in 100 ml. of concentrated 
sulfuric acid, reagent grade. Fresh reagent was 
prepared daily. 

Standard Curve for Thymol. — A standard thymol 
solution was prepared by weighing 55 0 mg of N F. 
thymol into a 50-ml. volumetric flask. Chloroform, 
U. S. P. grade, was added to the mark Exactly 1.0 
ml. of the standard solution was transferred by 
pipet into a 25-ml volumetric flask and the flask 
was diluted to the mark with chloroform. Each 
milliliter of the second dilution contained 44 0 /ig. 
of thymol. A standard curve was prepared from 
aliquots of 0 2, 0 4, 0 6, 0 8, and 1.0 ml. of the second 
dilution. This represented a eoncentration range 
for th 3 TnoI of 8 8 to 44 0 yug. The aliquots were 
transferred to 50-ml , glass-stoppered graduates. 
Exactlj' 5 0 ml of color reagent was added from a 
buret to each cylinder. The cylinders were stop- 
pered and shaken briskly for about ten seconds 
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to hasten the color reaction. A bright yelloiv color 
developed immediately in each cylinder varying in 
intensit}- with concentration of thymol. The colored 
solutions were transferred to colorimeter tubes and 
readings were taken with the Klett-Summerson 
photoelectric colorimeter using the blue filter No. 
42 (400-465 mp). An average of three readings ivas 
recorded for each of the solutions. One milliliter 
of chloroform and 5.0 ml. of color reagent were 
treated in the same manner as tlie thymol solutions 
and served as the blank. Scale readings were di- 
rectl}’ proportional to the concentration of thymol 
and the absorbance of the colored solution. A 
standard curve for th 3 -mol was constructed by plot- 
ting scale readings vs. thymol concentrations on 
ordinary graph paper. The range of concentrations 
used in this study obeyed Beer's law. 

Color Development. — In a preliminarj’ study an 
attempt was made to construct a standard curve 
using J)-dimethylaminobenzaldehyde T. S., U. S. P. 
(4), as the color reagent. This solution contains 
35 ml. of water, 65 ml. of sulfuric acid, and 125 mg. 
of /j-dimethylaminobenzaldehyde in each 100 ml. 
Although excellent results were reported for men- 
thol (3), reproducible results were not obtained with 
thymol in the present study. Standardizing the 
conditions for color production was next considered. 
Each aliquot of standard thymol solution was 
treated in the same manner with color reagent and 
all were shaken simultaneously by means of an 
International Bottle Shaker for a specific length of 
time. The color intensities were noted after a defi- 
nite time period. Repeated runs were conducted 
varying the shaking time from five minutes to twenty 
minutes, and the overall time period for color de- 
velopment was varied from ten minutes to two hours. 
Satisfactorj’’ results were not obtained. The com- 
position of the color reagent was then investigated. 
In another series of tests the relative concentration 
of acid and water was varied When concentrated 
sulfuric acid was used as the solvent for the color 
reagent, constant and reproducible results were ob- 
tained. Uniformity of shaking and the time factor 
were of little importance. The same concentrations 
used for establishing the calibration curve were 
employed for this study. After the color reagent was 
added to the aliquots of standard thymol solution, 
the cylinders were shaken by hand for about ten 
seconds The color intensities were then read im- 
mediately, after a five-minute waiting period; and 
subsequently, after fifteen-minute time intervals, 
for a total time period of two hours. Scale readings 
after the first series varied less tlian 2% from the 
original readings. 

Analysis of Thyme Oil. — Oil of thyme was placed 
into a two-dram dropper bottle and the system was 
weighed. The white (commercial grade) and red 
(N, F. VII) varieties of thyme oil were used in this 
study. Approximately 100 mg. of oil (3 to 4 drops), 
accurately weighed, was removed from the dropper 
bottle and placed into a 50-ml. volumetric flask. 
The flask was filled to the mark ivith chloroform. 
One milliliter of this solution was transferred by 
pipet into a 25-ml. volumetric flask and the second 
flask was subsequently filled to the mark with 
chloroform. The concentration of thyme oil in the 
second flask was approximately 80.0 ng./ml. or 
about twice the concentration of the standard 


thymol solution used to prepare the standard curve. 
Exactly 1.0 ml. of the second dilution was trans- 
ferred by pipet into a 50-ml. glass stoppered cjdinder 
and was treated with color reagent as described 
previously for the preparation of the standard curve. 
Three additional 1.0-ml. aliquots were treated 
similarly. The concentration of thymol was deter- 
mined by applving the photometer reading to the 
standard curve. The average for the four aliquots 
was calculated. The precision was better than 1 
part per 1,000. Four separate analyses ivere run on 
both the red and white thyme oils. The results are 
reported in Table I. The second column of the table 


Table I. — Colorimetric Determination of 
Thymol in Thyme Oil 



Thyme Oil 

Thymol 


Assay 

Conen ° 

Conen. ^ 

Phenol, & 

No. 

(pg./ml.) 

(pg./ml.) 

% 

Red Variety 




1 

82.4 

23.7 

28.76 

2 

81.7 

23.6 

28.89 

3 

82.3 

23.3 

28.31 

4 

80.1 

23.2 

28.96 



Av. 

28.73 



Av. Dev. 

0.21 

White Variety 




1 

77.3 

16.6 

21.47 

2 

77. Z 

16,8 

21.73 

3 

79.6 

17.0 

21.36 

4 

80.3 

17.6 

21.92 



Av. 

21.62 



Av. Dev. 

0.2J 


** Concentration per ml. of second dilution. 
Determined as thymol. 


indicates the concentration of thymol in each ml. 
of the second dilution. Column three shows the 
thymol concentration as determined from the stand- 
ard curve and represents the average of four samples 
run concurrently. The phenol percentage of the oil, 
determined as thymol, is listed in the fourth column. 

Interfering Substances. — Of the substituents nor- 
mally occurring in thyme oil as recorded by Guenther 
(5), linalool, a-pinene, /)-cymene, geraniol, and bor- 
neol, all in high concentrations, produce color with 
the reagent. For each constituent a standard solu- 
tion was prepared as described earlier for thymol, 
except that the concentrations were about one-half 
that of the thymol standard solution. These dilu- 
tions represented concentrations of the constituents 
many times those in which they normally appear in 
thyme oil. In each instance the intensity of color as 
recorded by the photometer was not significant. 
It is conceivable, however, that if any one of these 
constituents were present in the oil in unusually 
large amounts, it would be possible tor it to interfere 
with the analysis. 

OfiBcial Assay of Thyme Oil. — Both varieties of 
thyme oil were assayed as directed in N. F. X (1). 
The results are shown in Table II. 

Nonaqueous Titration of Thyme Oil for Phenol 
Content'— Preparation of 0.1 N Sodium Methoxide.— 
To 100 ml. of absolute methanol, reagent grade, 

* More complete detaiT.s of this phase of the work will he 
reported by one of the authors (.M. 1. B.) in a subsequent pub- 
lication dealing with tlie analysis of phenol-containing vola- 
tile oils. 
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approximately 5 Gm. of clean sodium was added 
slowly while the mixture was immersed in an ice 
bath. After all the sodium dissolved an additional 
150 ml. of methanol was added, followed by 1,500 
ml. of dry benzene. The solution was stored in the 


Table II. — Official Assay of Thyme Oil 


Assay 

Red Thyme Oil, 

White Thyme Oil, 

No. 

% Phenols 

% Phenols 

1 

28.5 

21.4 

2 

29.5 

21.5 

3 

29.0 

22.0 

4 

28.9 

22.7 

Av. 

29.0 

21.9 

Av. Dev. 0.3 

0.4 


reservoir of an automatic buret protected from mois- 
ture and carbon dioxide in the atmosphere. The 
normality of the solution was determined by stand- 
ardization against reagent grade benzoic acid. 

Assay Procedure. — ^Approximately 600 mg. of 
thyme oil, accurately weighed, was transferred from 
the dropper bottle into a 150-ml. beaker. About 
30 ml. of N,N-dimethylformamide was added. The 
solution, magnetically stirred, was titrated rvith 0.1 
N sodium methoxide solution using a Fisher titrim- 
eter equipped with a sleeve-type calomel electrode 
and a platinum electrode. The end point was de- 
termined by plotting millivolts vs. milliliters of 
titrant. The data are shown in Table III. The 
phenol content, determined as thymol, was calcu- 
lated from the e.xpression: 

(ml. X iV X 150.21 X 100)/sample weight = 

% phenols (thymol) 

where ml. = milliliters of sodium m ethoxide solu- 
tion, N — normality of sodium methoxide solution, 
150.21 = mEq. weight of thymol, and sample 
wdght = weight of sample in mg. 


studied. The results are reported in Table 1. 
For the white thyme oil an average thjTnol content 
of 21.62 ± 0.20 is shown and for the red variety the 
thymol content is 28.73 ± 0.21. According to 
N. F. X (1), thyme oil must contain not less than 
40% phenols to meet official specifications. How- 
ever, the thyme oil used in this investigation was 
labeled N, F. VII. According to that edition of the 
N. F. (6), the phenol content of thyme oil must be 
not less than 20%. The white thyme oil used in 
this study was a commercial variety and corre- 
sponded to N. F. VII standards. 

The colorimetric method described in this paper 
has a number of advantages. Once the standard 
curve has been established, the routine analysis of 
thyme oil can be effected in less than an hour, 
whereas the official assay requires an overnight wait- 
ing period. Sample weights of less than one gram 
are needed in place of the 10-ml. for the official 
method. Results are thus expressed in terms of per 
cent weight in weight and not volume in volume. 
The former is the usual manner for expressing the 
percentage strength of constituents. Greater ac- 
curacy and precision are attainable. Inaccuracies 
which result from the difficulty of reading the menis- 
cus and from the solubility of nonphenolic alkali- 
soluble impurities present no problem. 

The possibility of interfering substituents cannot 
be overlooked. Several of the components of thyme 
oil produce color with the reagent. The concen- 
tration of these constituents is normally so small in 
comparison to the thjmol content that interference 
is negligible. To substantiate this fact the proposed 
assay procedure was compared with the official 
assay. Comparable results were obtained (Tables 
I and II). Further supportive evidence was ob- 
tained by comparison with a nonaqueous titration 
method. Similar results are reported (Table III). 
This last method will be treated more fully in a sub- 
sequent publication . 


Table III. — Nonaqueous Titration op Thyme 
Oil 


Assay 

Red Thyme Oil, 

White Thyme Oil, 

No. 

% Phenols 

% Phenols 

1 

28.65 

21.25 

2 

29.01 

21.81 

3 

29.11 

21.93 

4 

28.58 

21.55 

Av. 

28.84 

21.64 

Av. Dev. 0.22 

0.24 


RESULTS AND DISCUSSION 

The many shortcomings of the official assay pro- 
cedure for determining phenols in volatile oils 
prompted the investigation for an improved method 
of analysis. The procedure described in this report 
is based upon a method presented earlier (3) for the 
estimation of free menthol in peppermint oil. 
It was necessarjq however, to modify the color re- 
agent since ^-dimethylaminobenzaldehyde T. S., 
U. S. P., did not give constant and reproducible re- 
sults. The thjnnol concentrations employed in this 
study followed Beer’s law when the color reagent 
was prepared with undiluted sulfuric acid as solvent. 
Both the red and white varieties of thjme oil were 


SUMMARY AND CONCLUSIONS 


1. A method for the analysts of thymol in 
thyme oil is presented. It is based upon the 
color reaction between thymol and />-dimeth}d- 
aminobenaldehyde. Concentrations of thjmol 
ranging from 8.8 to 44.0 pg./ml. obey Beer’s law. 

2. Quantitative results are presented for the 
analysis of red and white varieties of thjme oil. 
The possible interference of other constituents is 
considered. 

3. The method is compared with the official 
assay procedure and with a nonaqueous titration 
method. 
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Sulfaethylthiadiazole III.* 

Kinetics of Absorption, Distribution, and Excretion 

By JOSEPH V. SWINTOSKY, ELWOOD L. FOLTZ, f AMEDEO BONDI, JR., j 
and MANFORD J. ROBINSON 


E.vperimental data are presented which describe blood concentrations during the 
early absorptive and post-absorptive periods following oral sulfaethylthiadiazole 
administration to humans. Data from urinary collections over forty-eight hours are 
also given. These and previously reported data are emjjloyed to illustrate and inter- 
pret the kinetics of sulfaethylthiadiazole absorption, distribution, and excretion. The 
pharmaceutical implications with regard to design and evaluation of data from 
dosage forms, and their regimens, are discussed. 


"Previous papers (1, 2, 3) have reported the 
approximate first-order elimination rate of 
sulfaethylthiadiazole (SETD) as determined 
from human blood concentration and urinary 
excretion studies following intravenous and oral 
administration. Laboratory and clinical effic- 
acy of SETD have also been reported (4, 5). 
This paper describes blood concentrations, ob- 
served during the early' absorptive and post- 
absorptive phases; and urinary excretion data 
following oral SETD administration. These 
additional experimental data are correlated with 
data previously' reported. The kinetics of SETD 
absorption, distribution, and excretion following 
oral and intravenous doses are interpreted in 
terms of these data, and some pharmaceutical 
implications related to problems of dosage form 
design are discussed. 

EXPERIMENTAL 

Eight healthy' ambulatory adult human subjects 
were employ'ed. Doses of SETD ranging from 1 to 
4 Gm. were administered orally' in 0.5-Gm. hard 
gelatin capsules just prior to breakfast, after control 
blood samples had been taken. Blood collections 
for sulfonamide concentration were made by veni- 
puncture at 20, 30, 45, 65, 90, 120, 150, 180, and 240 
minutes following administration. 

In another study' employing four subjects at the 
same oral doses, blood and urine collections were 
made. Following breakfast, the subjects were 
permitted to ingest foods and fluids as desired but 
were urged to consume a minimum of 300 cc, of 
water at each urine collection time. Collections of 
total urinary' output were made at 0, 3, 6, 9, 12, 15, 
24, and 48 hours. Blood concentration data were 
obtained from 0-10 hours and were interpreted 
previously (1). 

Analytical Methods. — Concentrations of free as 
well as free plus conjugated (total) SETD in the 
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blood and urine were determined by a modification 
of the spectrophotometric macromethod of Frisk 
(6), as reported previously' (1, 2). 

RESULTS AND DISCUSSION 

Blood Concentrations During First Four Hours. — 
The data for the eight subjects tested are given in 
Table I, and indicate rapid absorption. In almost 
all instances measurable blood concentrations were 
observed within twenty minutes; and with one ex- 
ception, all subjects exhibited concentrations of 
free SETD equal to or in excess of 5 mg. % in 
sixty-five minutes. Peak blood concentrations 
generally occurred within one to three hours. 

Urine Collection Studies. — The experimental 
urinary excretion data for four human subjects 
receiving SETD are presented in Table II. The 
close correspondence of free and total SETD 
excreted in the various time intervals corroborates 
results from intravenous administration studies that 
biotransformation is of a very low order (2). About 
79-90% of the administered dose is excreted via the 
urinary' tract in forty-eight hours. This contrasts 
with 83-100% excretion in forty-eight hours for 
subjects receiving 0. 5-2.0 Gm. intravenous doses 
(2). After oral doses, an average of 85% of the 
drug was excreted in forty'-eight hours; after intra- 
venous doses, 91% was excreted in the same period 
For these subjects one may assume for purpose of 
calculations that 93% of the total oral dose was 
absorbed and eventually excreted in the urine. 

When the average total drug excreted during the 
three- to fifteen-hour interval is plotted by' a differ- 
ential method illustrated previously (2, 7), the 
biologic half-lives are of magnitudes observed for 
intravenous doses determined similarly'. These 
plots are illustrated in Fig. 1. Biologic half-lives 
vary between six to eight hours. These and pre- 
vious blood and urine concentration studies with 
SETD indicate that the biologic half-lives usually 
are within five to thirteen hours for the adult human 
subjects studied. 

Distribution Volume. — It has been shown (2) 
for SETD that the apparent volume of distribution, 
Vb, determined from blood concentration data, may 
be estimated from the equation 

Vt = W/C (Eq- 

where, W = mg. of total drug in the body at time / 
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Table I.— Blood Concentration Data During the Absorptive and Early PosT-ABSORPrn'B Phases 
FOR Adult Male Subjects" Receiving SETD at Several Dosage Leitsls 


20 

30 

45 

65 

90 

120 

150 

180 

240 


Dose 


Bd 


Subject and Their Free (P) and Total (T) SETD Blood Concentration in me 


Hn 


Ro6 


Minutes 

(Gm.) 

F 

T 

F 

T 

F 

T 

F 

T 

AVi. 

P 

f. 

T 

20 

1.0 

0.5 

0.7 

2.8 

3.1 

0.5 

0.7 

0.0 

0.0 

1.4 

1.4 

30 


1.4 

1.4 

3.2 

3.4 

2.5 

2.7 

1.2 

1.3 

4.4 

4.4 

45 


4.3 

4.4 

3.8 

4.2 

4.6 

4.8 

2.1 

3.6 

5.7 

6.1 

65 


8.5 

9.2 

5.0 

5.6 

8.8 

8.5 

3.2 

3.6 

7.1 

7.5 

90 


7.6 

8.4 

5.0 

5.4 

7.0 

7.2 

5.3 

5.5 

6.1 

6.3 

120 


0.9 

7.3 

4.8 

5.2 

6.4 

6.9 

4.8 

5.6 

5.4 

5 5 

150 


6.4 

6.6 

4.2 

4.8 

5.1 

6.1 

4.5 

5.2 

5.3 

5.4 

180 


5.7 

5.8 

3.9 

4.3 

5.1 

5.5 

4.2 

4.8 

5.3 

5.4 

240 


5.1 

5.3 

3.5 

3.9 

4.4 

5.0 

3.8 

4.1 

5.1 

5.3 

20 

2.0 

0.4 

0.5 

2.5 

2.6 

0.0 

0.0 

0.0 

0.0 


30 


4.0 

4.1 

7.2 

7.9 

0.4 

0.3 

0.0 

0.0 



45 


8.0 

8.2 

9.1 

9.6 

1.6 

1.6 

0.0 

0.0 



65 


11.6 

11.8 

9.8 10.4 

10.2 

10.2 

5.0 

5.0 



90 


11.8 

12.5 

9.4 

9.2 

12.4 

13.0 

9.4 

9.6 



120 


10.2 

11.0 

9.0 

9.1 

11.2 

11.6 

10.2 

10.2 



150 


9.3 

9.8 

8.0 

8.4 

10.2 

10.6 

9.6 

9.8 



180 


9.0 

9.7 

7.6 

7.6 

9.4 

9.6 

8.8 

9.3 



240 • 


8.0 

8.0 

6.6 

6.8 

7.6 

8.1 

8.2 

8.6 




Ly 


6.3 7.0 

8.8 9.4 

9.0 9.8 

8.4 8.5 

7.9 8.4 

7.1 7.5 


Bi 


Ss 

F T 


1.1 

2.0 

5.3 

5.4 
6.1 
5.7 
6.3 
8.1 
6.3 


1.1 

2.0 

5.3 
5.7 
6.5 

6.3 
6.5 
6.3 
6.5 


1.1 

1.2 

2.0 

5.8 
7.1 

7.8 

7.9 
7.1 
7.0 


1.1 
1.3 
2.1 
6 1 
7.5 
7.9 
8.1 
7.1 
7.0 


20 3.0 

0.9 

1.0 ... 

... 0.8 

0.9 

1.4 

1.5 

30 

1.4 

1.5 ... 

... 1.0 

1.1 

5.3 

5.4 

45 

2.1 

3.0 ... 

... 6.7 

7.1 

7.0 

8.1 

65 

7.7 

7.9 ... 

... 9.2 

10.8 

8.5 

9.2 

90 

7.9 

8.0 . . 

... 12.5 

13.0 

9.2 

9.3 

120 

8.5 

9.7 ... 

. . . 14.0 

14.3 

11.3 

11.8 

150 ■ 

13.1 

13.1 . . 

... 15.2 

15.6 

12.5 

13.1 

180 

12.5 

13.0 . . 

. . . 15.8 

16.4 

13.1 

14.7 

240 

12.0 

12.5 ... 

... 11.8 

13.1 

13.1 

13.0 


4.0 


2.7 2.8 

7.7 7.6 
10.9 10.6 

14.0 14.5 
18.2 18.2 

20.0 20.2 
18.6 19.8 
18.2 18.4 
16.4 15.9 


9.1 9.7 

10.8 12.6 

12.0 12.7 

13.4 14.0 
13.9 14.6 

14.1 14.2 

13.5 13.5 
12.8 13.4 

11.5 12.0 


2.0 

7.4 

19.7 

12.0 

17.5 
17.2 

15.1 

14.6 

13.2 


2.6 

7.5 

11.2 

12.1 

19.2 

17.2 

15.6 

14.6 
13.8 


0.0 0.0 
0 4 1.0 
2.2 3.4 
6.9 7.8 
11.8 12.6 

13.4 14.4 

13.5 14.4 
11.4 12.8 

10.6 11.8 


“ Subject ages and weights were as follows: 


Subject 

Age (yr.) 

Weight (Kg.) 

Subject 

Age (yr.) 

Weight (Kg.) 

Bd 

23 

75 

Mt 

30 

70 

Bs 

38 

114 


26 

73 

Hn 

22 

84 

Bi 

44 

86 

Ro 

22 

91 

Ss 

27 

71 


b Blood concentration data at longer time intervals for oral and intravenous doses are reported for these subjects in previous 
papers (1, 2). 


(and theoretically exclusive of any drug in the 
gastrointestinal tract and bladder); and C — 
mg./cc. of total drug in the blood at time /, after 
establishment of diffusion equilibrium. 

In light of this finding from intravenous studies on 
these same four subjects, it seemed desirable to 
determine if Vb had a similar value following oral 
dosage. As a corollary, it was of interest to estab- 
lish further whether blood and urine data following 
oral doses would be correlated semi-quantitatively 
with results observed following intravenous doses. 
The pertinent experimental data and calculations 
are presented in Table III. In all calculations it 
was assumed that only 93% of the oral doses was 
absorbed. The average per cent distribution 
volume, Vb %, is observed to be about 20%, con- 
trasting with 18% from intravenous studies. The 
correspondence is fair; however, the result from 
intravenous studies involves fewer assumptions 
and is therefore more reliable. Figure 2 is a plot of 
IF PS. C from the data of Table III. Data for three 
subjects plot fairly satisfactorily as straight lines 


approaching intersection with the origin. For the 
fourth subject the data did not show this consist- 
ency. The fair similarity between these plots and 
those observed following intravenous doses (2) 
supports the postulation that approximately a 
linear relationship exists between total SETD blood 
concentration and drug in the bodj^. This relation- 
ship exists for blood concentrations up to at least 
12-15 mg. % for these subjects. 

Some Interpretations Applied to Experimental 
Data of a Single Subject. — The data of Tables I 
and II lend themselves to interesting theoretical 
interpretations and descriptive illustrations. Sub- 
ject Bs has been studied intensively (1, 2) and has 
shown an SETD disappearance rate via blood and 
urine concentration studies quite tj’pical of the 
average subject. It is convenient, therefore, to use 
data for this subject, following a 2-Gm. dose, to 
illustrate some of the interpretations pertaining to 
absorption and excretion that apply similarly to all 
the subjects. 
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Table II — Urinary Excretion Data for Hujlan Subjects Receiving Oral SETD" 



Collection 

Time 

, Unnarj Vol 

1 0 Gm Dose 
Unne 

vol Free Tot 

umes In cc and Dr 
2 0 Gm Dose 

Urine vol Free 

tig Exc 

Tot 

reted in Alg for Interva 
3 0 Gm Dose 

Unne 

V ol Free Tot 

Is Indicated 

C 0 Gm Dose 

Unne vol Free 

Tot 

Subject 

(hr ) 

(cc ) 

mg 

mg 

(cc ) 

mg 

mg 

(cc ) 

mg 

mg 

(cc ) 

mg 

mg 

Ro 

0-3 

160 

141 

160 

250 

340 

369 

680 

571 

578 

135 

713 

770 

Ro 

3-G 

190 

122 

125 

175 

287 

312 

200 

480 

540 

163 

737 

782 

Ro 

6-9 

152 

94 

100 

175 

266 

294 

213 

320 

330 

166 

478 

523 

Ro 

9-12 

160 

67 

77 

260 

166 

174 

865 

277 

294 

133 

261 

279 

Ro 

12-15 

235 

80 

96 

165 

109 

112 

330 

165 

188 

96 

175 

187 

Ro 

15-24 

335 

77 

87 

495 

193 

193 

710 

284 

298 

467 

411 

453 

Ro 

24-48 

1240 

130 

143 

1760 

220 

229 

1790 

269 

295 

1470 

338 

397 

Bs 

0-3 

300 

174 

180 

115 

340 

385 

385 

647 

712 

118 

699 

773 

Bs 

3-6 

1050 

147 

179 

400 

288 

320 

915 

458 

458 

290 

696 

725 

Bs 

6-9 

225 

81 

97 

335 

228 

251 

312 

362 

406 

235 

475 

576 

Bs 

9-12 

340 

68 

75 

305 

153 

171 

184 

184 

184 

110 

198 

239 

Bs 

12-15 

165 

73 

79 

125 

129 

138 

178 

142 

196 

122 

203 

232 

Bs 

15-24 

780 

129 

156 

1020 

255 

291 

750 

270 

315 

625 

450 

463 

Bs 

24-48 

1365 

109 

154 

1300 

189 

233 

1225 

257 

276 

1443 

375 

375 

Cw 

0-3 

72 

109 

119 

190 

365 

376 

220 

757 

836 

435 

726 

740 

Cw 

3-6 

84 

148 

166 

660 

325 

351 

455 

505 

569 

570 

536 

604 

Cw 

6-9 

125 

150 

153 

100 

182 

190 

120 

221 

252 

150 

420 

435 

Cw 

9-12 

130 

81 

85 

95 

114 

126 

78 

225 

250 

248 

441 

477 

Cw 

12-15 

510 

92 

92 

160 

186 

192 

125 

175 

194 

340 

187 

204 

Cw 

15-24 

2015 

111 

141 

715 

164 

168 

540 

286 

313 

445 

343 

513 

Cw 

24-48 

2580 

129 

142 

1155 

225 

231 

1350 

277 

297 

2795 

503 

601 

Ds 

0-3 

80 

131 

132 

95 

327 

447 

120 

298 

330 

130 

551 

579 

Ds 

3-6 

73 

99 

113 

120 

322 

366 

168 

497 

546 

170 

571 

617 

Ds 

6-9 

115 

129 

129 

300 

180 

198 

65 

211 

241 

425 

544 

638 

Ds 

9-12 

74 

62 

69 

73 

93 

112 

105 

313 

368 

425 

323 

361 

Ds 

12-15 

80 

51 

56 

85 

133 

136 

125 

214 

225 

325 

133 

153 

Ds 

15-24 

590 

130 

148 

245 

218 

206 

820 

369 

410 

485 

340 

393 

Ds 

24r-48 

1035 

176 

180 

1065 

197 

245 

1220 

329 

378 

1305 

653 

718 


® Data for the same subjects receiving intravenous SETD are reported in a previous paper (2). 
6 Total drug represents free and conjugated drug expressed m mg equivalents of SETD 


Table III — Data Calculated from Blood Concentration and Urinary Excretion Studies on Four 

Human Subjects Receiving Oral SETD 


Total Total 

SETD SETD 

blood Total blood V6 (cc ) 







concen- 

drug® in 


concen- 

Total drug® 

Average 






tration at 

the body 

Vb (cc ) 

tration at in the bodv Vb (cc ) 

from 3- 


Height 

Wgt 

Age 

Dose 

at 3 hrs 

at 3 hrs 

Fom 3 hr 

6 hrs 

at C hrs 

From 6-hr 

and C hr 

Subject 

(m ) 

(Kg) 

(yr) 

(Cm ) 

(mg %) 

(mg ) 

data 

(mg %) 

(mg) 

data 

data 

Ro 

78 

91 

22 

1 0 

4 3 

770 

19,700 

3 5 

645 

20,300 






2 0 

7 8 

1491 

21,000 

6 3 

1179 

20,600 






3 0 

11 3 

2212 

21,500 

8 5 

1672 

21,600 






4 0 

13.8 



11 8 





21,000 23 


Bs 

72 

114 

38 

1 0 

4 1 

750 

16,100 

2 

9 

571 

17,300 







2 0 

8 0 

1475 

16,200 

5 

5 

1155 

18,400 







3 0 

9 1 

2078 

20,100 

6 

6 

1620 

21,500 







4 0 

12 2 

2947 

21,200 

9 

2 

2222 

20.200 

19,000 

17 

Cw 

74 

91 

22 

1 0 

6 1 

811 

14,600 

4 

6 

645 

15,400 






2 0 

9 0 

1484 

18,100 

7 

3 

1133 

17,100 







3 0 

12 3 

1954 

17,500 

8 

8 

1385 

17,300 







4 0 

16 8 

2980 

19,500 

13 

6 

2376 

19,200 

17,000 

19 

Ds 

71 

81 

25 

1 0 

7 4 

798 

13,300 

6 

1 

685 

13,900 






2 0 

11 0 

1413 

15,900 

9 

0 

1047 

14,400 







3 0 












4 0 

15 3 

3141 

25,400 

14 

3 

2624 

22,700 

18,000 

22 


“ Knowing the doses administered and assuming 93% absorption, the amounts of total SETD remaining in the body are 
determined by subtracting the cumulatne amounts found in the unne at three and six hours respectively (Table II) from the 
amounts absorbed 


The rate of SETD blood concentration change 
following an oral dose depends primarily on rate of 
absorption, sequestering and storage in specific 
tissues, rate and degree of biotransformation, rate of 
distribution between blood and other accessible 


body tissues, and rate of excretion. Previous data 
(1-3) have indicated that biotransformation, stor- 
age, and sequestering are minimal, and distribution 
proceeds at a rate similar to the absorption rate. 
Thus it is reasonable to assume that diffusion cquihb- 
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rium is very nearly maintained during the absorp- 
tion process, and that absorption and urinary ex- 
cretion rates constitute the principal limiting rates 
which govern blood, body and urine content of a 
dose as a function of time. With thbse assump- 
tions, and knowing that total SETD disappearance 
from the blood or body at therapeutic concentrations 
approximates a sunple decreasing exponential rate 
after termination of absorption, equations similar in 
principle but different in form from those of Do- 
minguez, et al. (8), and Teorell (9) may be applied to 
the experimental data. Use of these equations 
in conjunction with the experimental data for 
SETD permits a delineation of the interrelationships 
of absorption, distribution, body drug content, blood 
concentration, and urinary excretion as related to 
time. 

Thus for the total SETD, let W be the amount 
which is present in body tissues at a given time. 
Some additional drug may or may not be in the 
gastrointestinal and urinary tracts. The rate at 
w’hich IF changes is equal to the difference between 
the rate of absorption dA/dt, and the rate of ex- 
cretion dE/dt, i.e. 

(dW/dt) = (dA/dt) - (dE/dt) (Eq. 2) 

When dA/dt = dE/dt, IF becomes constant and 
dW/dt therefore is zero, a consideration of practical 
interest in the design of oral sustained release dosage 
forms. One might predict from theory that such 
a dosage form could be designed to release a thera- 
peutic dose for immediate absorption, and an 
amount each hour thereafter corresponding to the 
amount excreted per hour. The sustained release 
dose would be the product of total drug in the 
tissues corresponding to the desired therapeutic 
level, the specific velocity constant for drug elimina- 
tion, and the number of hours such sustained ab- 
sorption was desired (1-3, 10). In practice it is 
observed that other factors have a practical bearing 
on these calculations of dosage form- design. These 



Fig. 1. — Plots of the average total SETD urinary 
excretions for 4 human subjects following oral 
doses of (A) 1.0, (B) 2.0, (C) 3.0, and (D) 4.0 Gm. 



Fig. 2. — A plot of total SETD in the body vs. blood 
concentrations for subjects Bs, Ro, and Cw. 

vary from one drug to another and for some drugs 
practically no oral sustained absorption can be 
effected by current technology. 

Since F6 is assumed to be constant, and from 
Eq. 1, IF = VbC, one way substitute and transpose 
equivalent terms in Eq. 2 to obtain: 

(dA/dt) = (VtdC) + (dE/dt) (Eq.l3) 

The rate of total SETD urinary excretion has 
been shown to be approximately proportional to 
SETD concentration in the blood (2) and may be 
written; 

dE/dt = hVbC (Eq. 4) 

where kh is the specific velocity constant for drug 
elimination determined from blood concentration 
data. Substituting this equivalent value of dE/dt 
in Eq. 3 

(dA/dt) = (VvdC/dt) -f- (hViC) (Eq. 5) 

After absorption ceases, the total SETD concen- 
tration in the blood falls, as previously reported 
(2), approximately according to the equation: 

log C = - (hit/2.m) -h log Co (Eq. 6) 

The values of kb, Vb, andF6% for subject Bs have 
been shown to be approximately 0.09, 20,000 cc., 
and 18% respectively (1, 2). Assuming 93% 
absorption of the oral doses, and employing the 
equations and constants enumerated above, the 
data in Tables I and II and those previously re- 
ported (1, 2) for subject Bs at a 2-Gm. dose, may be 
represented as shown in Fig. 3. 

Curve A delineates the experimental blood 
concentration through ten hours (1) following oral 
administration. The remainder of the curve is 
extrapolated by use of Eq. 6. Curve B describes 
absorption rate of SETD from the data in Table I 
as interpreted with Eq. 5. It is evident that 
absorption is very rapid. The peak rate lies between 
3000 and 4000 mg./hour, and is approximately 
15-20 times faster than the peak excretion rate. 
The curve indicates that for this subject virtuallj' all 
the absorbable drug is taken into the body within 
one to two hours. The area under the curve is a 
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Fig. 3. — Total SETD data for subject Bs showing 
(A) blood concentration, (B) absorption rate, (C) 
e.Tcretion rate, (D) body content, (E) cumulative 
urinary collection curves after 2-Gm. oral dose, 
(F) blood concentration, and (G) body content 
curves after 2-Gm. intravenous dose. 


measure of total drug absorbed (8); however, this 
quantity is determined indirectly with greater pre- 
cision from urinary collection data. 

Curve C describes SETD disappearance rate from 
the blood for an oral dose, calculated according to 
Eq. 4. Essentially the same curve is obtainable in 
from three-twenty-four hours using the urinary 
excretion data of Table II. The area under curve C 
is a direct measure of the total drug excreted in 
twentj'-four hours; however, this quantity too is 
determined with greater precision from urinary 
collection data. 

Curves D and E describe body content of the drug 
and drug collected cumulatively in the urine, re- 
spectively, with regard to time, from data of Table II. 
Curve F illustrates the experimental blood concen- 
trations observed through eight hours following 
intravenous administration (2); the remainder of 
the curve was obtained by extrapolation employing 
Eq. 6. Curve G illustrates the experimental urinary 
excretion data corresponding to the blood concen- 
tration data of curve F. The urinary excretion 
rate is ver 3 ’ rapid prior to attainment of diffusion 
equilibrium following the intravenous dose. There- 
after the shape of the curve corresponds to that 
observed in curve D for orally administered SETD. 

Except for a slightly more rapid absorption than 
average, the composite data of Fig. 3 constitute a 
fairly accurate representation of the kinetics of 
SETD absorption, distribution, and excretion in the 
average health}' adult human subject of these 
studies. These data illustrate the following facts: 
drug disappearance rates, after absorption and diffu- 
sion equilibrium, are similar for orally or intra- 
venously administered SETD, and from blood 


concentration or urinary excretion data; sequester- 
ing or storage does not occur to any detectable 
extent; and absorption is efficient, with absorption 
rate being very rapid in comparison with excretion 
rate. 

The data as portrayed in Fig. 3 have an applica- 
tion to dosage form design, determination of dosage 
regimens, and in the evaluation of blood and urine 
concentration data obtained from administration of 
conventional and sustained release dosage forms. 
For example, it is clinical practice to prescribe 
fixed doses of some chemotherapeutic agents at 
equally spaced times. Knowing the standard 
performance indices (1) it may be possible to calcu- 
late the "steady state blood concentrations” resulting 
from the oral administration of a given drug accord- 
ing to such a prescribed regimen, possibly minimiz- 
ing time, effort, and cost in acquiring such data in 
pharmaceutical product development. Also, such 
data may be of value in the design of oral sustained 
release dosage forms because any change in drug 
release will necessarily influence absorption, ex- 
cretion, and tissue concentrations of the drug. 
Theoretically, knowing the specific velocity constant 
for drug elimination from blood or urine drug con- 
centration data coupled with a knowledge of -in vivo 
drug absorption and distribution characteristics, 
should assist in the determination of the dose re- 
quired to attain a certain tissue concentration or 
effect, and the absorption or release rate required 
to maintain it. These and other applications to 
SETD will be discussed further in future publications 
from these laboratories (10). 


SUMMARY 

1. Oral administration of SETD to humans 
results in rapid absorption of the drug, generally 
giving measurable blood concentrations within 
twenty minutes and peak therapeutic concen- 
trations within one to three hours. 

2. After absorption is complete and diffusion 
equilibrium is attained, orally administered 
SETD is excreted in a manner and at a rate com- 
parable to an intravenous dose. Urinary e.x- 
cretion of SETD is rapid when contrasted with 
some other clinically available sulfonamides, an 
average of 85 per cent being excreted in forty- 
eight hours. 

3. The per cent distribution volume, deter- 
mined from blood concentration data after oral 
doses was 20 per cent, a value corresponding 
closely to that observed following intravenous 
doses. 

4. These and previously reported data for 
this drug permit a delineation and interpretation 
of the kinetics of drug absorption, distribution, 
and excretion. 

5. The importance of these data and inter- 
pretations to design problems of standard oral 
dosage forms and oral sustained release dosage 
forms and regimens is discussed. 
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Pharmacological Studies on 
Bis- (2 -Methyl-2 -Nitropropyl) Sulfite* 

By FRED T. GALYSH, GEORGE H. BERGMAN, and CLIFTON E. MILLER 


Pharmacological studies on bis-(2-methyl-2- 
nitropropyl) sulfite indicate that this com- 
pound has sedative, hypotensive, and anti- 
spasmodic activity. The drug also possesses 
a negative chronotropic and negative ino- 
tropic action upon the frog heart. The re- 
sults of a chronic toxicity study are also 
reported. 

A PREVIOUS PUBLICATION (1) has reported the 
preparation of bis-(2-methyl-2-nitropropyl) 
sulfite, an aliphatic nitro compound which con- 
tains sulfur in an intermediate valence. This 
publication also reported the in vivo inhibition of 
this compound on Sarcoma 180 in mice, as well as 
the results of a toxicity study in week-old chicks. 
The apparent need for a more detailed pharma- 
cological study of this type of compotmd, prior to 
synthesis of possible analogues, prompted the 
work to be reported herein. 

EXPERIMENTAL 

Bis-(2-methyl-2-nitroprop}d) sulfite(hereafter des- 
ignated BMNS) was synthesized and purified in 
our laboratory of pharmaceutical chemistry. Its 
identity was established from melting point data 
and solubility characteristics. The insoluble nature 
of BMNS required its preparation for injection in 
the form of a suspension in oil-in-water emulsions 
containing either cholesterol (2.5%) or lecithin 
(0.1%) as emulsifying agents. For the chronic 
toxicity study, an aqueous suspension containing 
5% BMNS and 0.1% lecithin was utilized. An 
aqueous suspension of BMNS in 5% acacia was used 
for the smooth muscle studies. It was found that 
1,4-dioxane, used as a solvent by Kessler, et al. 
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(1), was too toxic in the species employed in this 
study. 

The pharmacological action of BMNS was deter- 
mined in eleven unanesthetized rats and two unan- 
esthetized cats. The drug was administered by 
either the oral, subcutaneous, or intraperitoneal 
routes. BMNS effects on the blood pressure and 
respiration were also determined in six rats, seven 
cats, and four dogs. The cats and dogs used in the 
blood pressure experiments were anesthetized intra- 
peritoneally with pentobarbital sodium (35 mg./ 
Kg.) and the rats with urethane (1 Gm./Kg., i. p.). 
Doses of 250 mg./Kg. of the sulfite were adminis- 
tered intraperitoneally, intramuscularly, or intra- 
venously. The blood pressure responses were re- 
corded from a cannulated carotid arter 5 ’' via a mer- 
cury^ manometer. Respiratory movements were 
recorded from a tambour connected to a tracheal 
cannula. The blood pressure effects of BMNS 
in rats injected intraperitoneally were recorded 
from a cannulated carotid artery through a special 
recording mercury^ manometer (2). 

A 1 : 4000 aqueous suspension of BMNS was applied 
directly to the frog heart enclosed within a small 
cup. Contractions of the heart were recorded 
through a heart muscle lever upon a smoked kj'mo- 
graph drum. Six Rana pipiens frogs, weighing 50 
to 60 Cm., were employed in this study. The 
effect of BMNS (1:4000 aqueous suspension) on 
electroshock threshold of the frog gastrocnemius- 
sciatic preparation was also determined by conven- 
tional methods. 

Five intestinal strips from three rabbits, two in- 
testinal strips from a guinea pig, and three intestinal 
strips from two rats were utilized for studies on 
smooth muscle. The preparations were suspended 
in a 100-ml. muscle chamber containing either Ty- 
rode’s or Locke-Ringer’s solution maintained at a 
temperature of 37.5-38.0°. Tjwode’s solution was 
used for the guinea pig intestine, while the rabbit 
intestine was placed into Locke-Ringer’s solution. 
The muscle responses were recorded by a long, 
ivriting lever on a smoked kymograph. The effects 
of a 1:40,000 aqueous suspension of BMNS were 
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thus studied. The action of tlie sulfite on tracheal 
musculature was determined by the method de- 
scribed by Castillo and de Beer (3); tracheal chains 
from two guinea pigs were prepared for these experi- 
ments. The action of the sulfite (1 : 40,000 aqueous 
suspension) was also studied on the smooth muscle 
of the thoracic aorta of either guinea pig or bovine 
origin. The method of Furchgott and Bhadrakom 
(4) was employed. 

Chronic toxicity studies of BMNS were made in 
both mate and female albino rats of different ages 
by the daily intraperitoneal injection of 250 mg./ 
Kg. for a period of twentj^-eight days. At this time 
the animals were sacrificed by concussion and ex- 
sanguination and the internal organs examined 
grossly for evidence of pathologic processes. 


RESULTS 

Action in IJnanesthetized Rats and Cats. — The 
drug was administered in a dosage of 250 mg. /Kg. 
to rats and cats. Subcutaneous injection of the 
sulfite appeared to have little or no effect upon the 
rat. Oral administration of a similar dosage re- 
sulted onlj’ in production of diarrhea in approxi- 
mately one and one-half to two hours. When 
given intraperitoneally, however, BMNS imparts to 
the animal a definite mild sedation occurring 
twentj’’ minutes post-injection. The rat is easily 
aroused and is extremely adverse to handing, re- 
sponding irritably to tactile stimulation. The cat 
fails to exhibit a similar sedative effect upon intra- 
peritoneal injection of 250 mg./Kg. of the drug; on 
the contrary, this species appears to be somewhat 
more excited than the control animal. The degree 
of stimulation, however, is not as intense as that 
seen with small doses of morphine in the cat. 

Action in Anesthetized Animals. — In normoten- 
sive rats doses of 250 mg./Kg. intraperitoneally 
lowered the blood pressure for periods up to three 
hours. The maximum average depressor response 
in all the normotensive animals utilized was ap- 
proximately 40 mm. Hg with rapid onset and a dura- 
tion of action in excess of two and one-half hours. 
Respiratory rate and amplitude were little affected 
throughout all of the blood pressure experiments. 
Normotensive cats and dogs exhibited a depressor re- 
sponse similar to that seen in rats (Fig. 1 ). The hy- 
potension in the larger animals, however, was more 
persistent, lasting from three to five hours. The 
heart rate was decreased 5-8% below normal con- 
trol levels; this effect was maximal one hour post- 
injection with gradual recovery to a normal rate. 
The depressor response in cats and dogs was evident 
only after intraperitoneal administration; intra- 
muscular and intravenous injection appeared to be 
completely ineffective. Post-mortem examination 
of the animals revealed no evidence of unabsorbed 
BMNS in the peritoneal cavity. Similar exami- 
nation of intramuscular sites, however, indicated 
that the sulfite was very poorly absorbed by this 
route. 

Data obtained from rats and dogs with spon- 
taneous, abnormally high, mean arterial pressure 
indicate that the drug is without effect as an anti- 
hypertensive agent. A depressor response could 
not be elicited if the pre-injection mean arterial 
pressure exceeded 150 mm. Hg. 


Action on Frog Heart in Situ. — A. 1 : 4000 aqueous 
suspension of BMNS produced a progressive slow- 
ing and decrease in amplitude of contraction of tlie 
frog heart in vivo (Fig. 2) with distinct evidence of 
partial A-V block of amplitude. There was no re- 
covery from this effect. The effect was only par- 



Fig. 1. — Upper curve — female cat, 4.2 Kg., pento- 
barbital sodium anesthesia, 35 mg./Kg., i. p. Note: 
Bis-2-methyl-2-nitropropyl sulfite, administered i. p. 
at zero time, causes a gradual, but marked fall of 
blood pressure with return toward normal occurring 
in four hours. The heart rate was decreased by 
approximately 6% at the end of one hour with a 
gradual recovery. The respiratory rate was little 
affected. Lower curve, female rat — 0.315 Kg., 
urethane anesthesia, 1 Gm./Kg., i. p. Note; 
BMNS, administered i. p. exerts a hypotensive ef- 
fect, which is rapid in onset and persists longer than 
two and one-half hours. At the end of this time the 
respiratory rate continued at the normal level of 72 
per minute. 


tially prevented by pre-treatment of the heart 
with atropine. 

Action on Muscle-Nerve Preparation of Frog. — 
BMNS, (1:4000 in Ringer’s solution) applied to the 
muscle-nerve preparation for fifteen minutes, has 
no effect on threshold stimuli required to produce 
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Fig. 2. — Effect of BMNS on the frog heart in 
situ. Administration of the drug is indicated by 
asterisk. Note the gradual slowing and decrease in 
amplitude of contraction. Results from two frogs 
were recorded simultaneous!}-. The frog forming 
the lower tracing served as a control; the latter 
part of this tracing (beginning at asterisk) was formed 
by a confirmatory animal. 


contraction of the gastrocnemius muscle either by 
stimulation of the sciatic nerv-e or the muscle 
directly. 
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Action on Isolated Smooth Muscle. — A 1 : 40,000 
suspension of BMNS reduced the tone and ampli- 
tude of normally contracting intestinal smooth 
muscle strips. Spasms of the small intestine in- 
duced with 1 : 100,000 dilutions of methacholine 
were diminished by 1:40,000 aqueous suspension 
of BMNS. The muscle did not respond maximally 
again to methacholine until four doses of this drug 
were applied at intervals of ten minutes. The 
muscle was thoroughly washed two minutes before 
each subsequent addition of methacholine (Fig. 3). 
BMNS (1:40,000) also reduced the spasm of small 
intestine of guinea pigs, rats, and rabbits induced 



Fig. 3. — Action of BMNS on a strip of rabbit’s 
isolated small intestine suspended in a 100-ml. bath 
of Locke’s solution at 37.5°. Note: A 1:40,000 
suspension of BMNS (S) blocked the stimulant 
effect of 1:100,000 solution of methacholine (M); 
also, four doses of methacholine ten minutes apart 
were required before the BMNS action was com- 
pletely overcome. The muscle was washed two 
minutes before addition of drugs. 


by varying concentration of barium chloride. The 
compound apparently was without effect on hista- 
mine-induced constriction of isolated tracheal 
smooth muscle (tracheal chain). BMNS (1 -.40,000) 
caused a complete relaxation of aortic smooth 
muscle placed in a state of moderate contraction bj' 
epinephrine (1:100,000,000 dilution). 

Chronic Toxicity in Rats, — Chronic administra- 
tion of BMNS to rats for four weeks appeared to 
induce no symptoms of toxicity which could be 
grossly observed in the intact animal. There was 
some exophthalmos observable up to one hour after 
injection. Red blood cell counts made at the termi- 
nation of the study revealed that the drug depressed 
erythrocytic counts from 40-50% below normal 
control levels in more than one-half of the treated 
animals. Post-mortem examination indicated that 


there was some diffuse and pin-point hemorrhage of 
the lung in all the rats. There was much evidence 
of adhesion formation between the abdominal vis- 
cera and the serous layer of the peritoneal wall. 
Little unabsorbed drug occurred in the peritoneal 
cavity; however, deposition of the drug in the splenic 
tissue served as evidence of the activity of the phag- 
ocytic cells of the spleen and the minimal solubility 
of BMNS in body fluids. 

DISCUSSION 

Bis-(2-metliyl-2-iiitropropyl) sulfite, admin- 
istered intraperitoneally, exerts a hj-potensive 
action in anesthetized, nonnotensive rats, cats, 
and dogs with little effect on respiration and onl)- 
minimal depression of cardiac rate. The com- 
pound appeared to be totally ineffective as an 
anti-hj-pertensive agent. Depression of the frog 
heart occurs when BMNS is applied directly; 
atropine is only partially effective in preventing 
the negative inotropic and chronotropic effects of 
the sulfite. Data from experiments on smooth 
muscle indicate that BMNS has a direct depres- 
sant action on smooth muscle organs, w-hich may 
account for the depressor action in dogs, cats, and 
rats. Its slight depressant action on heart rate 
in cats and dogs probably does not account for 
the profound depressor action. It is not clear 
why the drug has a depressor action only when 
administered by the intraperitoneal route as 
opposed to other routes utilized in the study. 
It is a fact, however, that the major veins of 
the abdomen, because of their rather free mo- 
bility in the abdominal cavity, have somewhat 
greater ability to relax and to contract than do 
the veins of the remainder of the body, which are 
surrounded by solid structures. It may be 
postulated that BMNS, in intimate contact with 
these veins relaxes their musculature, resulting 
in a pooling of blood in these vessels and thus re- 
ducing peripheral mean arterial pressure. Fur- 
ther experimentation is necessary to confirm this 
hypothesis, as well as to investigate more fully 
the possibility of adrenergic blockade action. 

It would appear that BMNS should have some 
merit as a gastrointestinal antispasmodic in view 
of its potency. Its extreme insolubility and 
apparent lack of absorption from the gastroin- 
testinal tract, however, detract from its thera- 
peutic efficacy. 
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A Solubility Study of the Boric Acid-Water-Sorbitol 
System at Various Temperatures* * * § 

By JOHN J. SCIARRA.t JOHN AUTIAN.J and NOEL E. FOSS§ 


A study of the effect of various concentrations 
of sorbitol and temperature on the solubility 
and^heat of solution of boric acid in water has 
been made. This system was studied at 
temperatures of 21“, 25°, 30°, 40°, 50°, and 
60 °. Concentrations of sorbitol ranging 
from 0 to 70 per cent by weight sorbitoHin 
increments of 5 per cent were utilized in this 
study. The results of these experiments 
showed (the relationship between (1) solu- 
bility of boric acid and (2) temperature and 
concentration of sorbitol. A phase dia- 
gram of the boric acid-water-sorbitol system 
is given. The heat of solution for the various 
systems was calculated. The specific gravity 
of all solutions was determined by the pycno- 
metric method. 

"D ORic ACID is soluble to the extent of about 5% 
by volume in water or 1:18 at 25° (1). 
This limited solubility of boric acid in aqueous 
solution has prompted many workers to investi- 
gate the effect of various solvents and other sub- 
stances on the solubility of boric acid (2-5). A 
recent paper by Sciarra, Autian, and Foss re- 
ported that a 70% by weight sorbitol solution 
increased the solubility of boric acid from the 
above to 18.66% by weight or 1 :3.45 at 25° (6). 
This represented a significant increase in the 
solubilitj'' of boric acid and seems worthy of 
further study; therefore, an investigation dealing 
with the solubility of boric acid in various con- 
centrations of sorbitol and at various tempera- 
tures was made. From the data, the heat of sol- 
ution of boric acid was evaluated and the appli- 
cation of the van’t Hoff equation to this system 
was studied. 

Boric acid reacts with sorbitol in solution to 
form a boric acid-sorbitol complex. Upon anal- 
ysis of this solution, three components can be 
detected: boric acid, water, and sorbitol. This 
multicomponent system can be represented 
graphicall)' by means of a phase diagram and 
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plotted on triangular graph paper. This diagram 
is useful for this system since the amount of sor- 
bitol needed to dissolve a given amount of boric 
acid can readily be ascertained from the phase 
diagram. 

Temperature is an important consideration 
when determining solubility. Generally, heat 
is absorbed when salts dissolve and, accordingly, 
they are more soluble at higher temperatures 
( 7 ). 

The solubility of a solid is a special case of an 
equilibrium constant (8). The relation between 
an equilibrium constant and the absolute temp- 
erature was developed by van’t Hoff. An equi- 
librium constant enables one to predict how far a 
chemical reaction will go; it can be calculated 
for any temperature when it is known at two 
temperatures. 

The mathematical relation is; (dh( S/dl) = 
{AH/RT^) and, when integrated, 

log S = {—AH/2.Z0ZR X l/T -I- constant), or, 
log5'2/5'i = [AH{Ti - Ti)]/\2.Z0ZR{TiTi)] 

where Si and are the solubilities, in moles per 
1000 Gm. of solvent, at the absolute tempera- 
tures Tj and Ti; i? is the gas constant; and A H 
is the heat of solution in calories per degree per 
mole. In this integration AH is assumed to be 
constant, an assumption that is not entirely justi- 
fied (8). 

If a plot of the log 5 vs. l/T yields a straight 
line, the slope of the line becomes equal to 
— AH/2.ZQZR. From this AH can readily be 
calculated. 

EXPERIMENTAL 

Solutions containing 0% sorbitol to 70% sorbitol 
by weight were prepared by diluting Sorbo® solu- 
tion,’ with the necessary amount of water. Each 
of these solutions was neutralized to phenolphthalcin 
by adding a few drops of sodium hydroxide solution 
to produce a faint pink color. The solution was 
then placed in contact with an excess of finely di- 
vided Crystalline boric acid, V. S. P., in a solubility 
tube. The solubility tube was then placed in the 
thermostat and stirred constantly for twenty-four 
hours. After stopping the stirring motor and allow- 
ing the undissolvcd particles to settle to the bottom, 
2 25-ml. portions of the clear supernatant liquid were 
removed, placed into tared beakers, and quickly 
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weighed. The amount of borie acid in these solu- 
tions was determined bjf assajdng the solution ac- 
cording to tlie U. S. P. assaj' for boric acid (1). 

At the same time, a 25-ml. Gaj'-Lussac specific 
gravity bottle was filled with the saturated solution 
of boric acid in the sorbitol solvent and the specific 
gravity detennined by the P3'cnometric metliod (9). 
The specific gravit 3 ' of the sorbitol solvent alone was 
also determined. 

The solubility of boric acid and specific gravity of 
each of the above solutions W'ere determined at 
21°, 25°, 30°, 40°, 50°, and at 60° ± 0.1°. 

RESULTS 

The results of the above experiments were treated 
in several different wa 3 's in order to best show the 
relationship existing among the various solutions. 

Tables I and II give the specific gravity of sorbitol 
solutions and of saturated boric acid solutions in 
sorbitol at various temperatures as determined by 
the pycnometric method. Specific gravit 3 ' of a solu- 
tion of boric acid in sorbitol solution vs. per cent 
weight sorbitol at 21° and 60° was plotted and is 
shown in Fig. 1. 

Table III gives the solubilit 3 ' of boric acid in 
sorbitol solutions at various temperatures. Figure 2 
shows the solubility of boric acid in sorbitol solutions 
at various temperatures while Fig. 3 shows the solu- 
bilit 3 ’ of boric acid at various concentrations of 
sorbitol. 



Fig. 1. — Isotherm curves showing specific gravity 
of saturated solution of boric acid in sorbitol. 



Fig. 2. — Effect of temperature upon the solubility 
of boric acid in sorbitol solution. A — zero, B — 10, 
C— 20, D— 30, E— 40, F— 50, G— 60, H--70, 
per cent weight sorbitol. 



The composition of various solutions consisting 
of boric acid, sorbitol and water is given in Table IV. 
The results at 25°, 40°, and 60° were plotted on tri- 
angular graph paper and are shown in Fig. 4. 

Figure 5 shows the relationship between the log 
of boric acid solubility in moles per 1000 Gm. of 
solvent and reciprical of absolute temperature. 
From this graph the slope was determined from 
which AH was calculated. Then, by substituting 
these values of AH in van’t Hoff’s equation the 
solubility of boric acid was calculated at 35° and 
compared with the value obtained from Fig. 2. 
These results are shown in Table V. 

DISCUSSION 

The specific gravity of sorbitol solutions was 
found to increase with an increase in concentration 
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Table I. — Specific Gravity of Sorbitol Solutions at Various Temperatures 


Concn of 
of Sorbitol, 

7c a'/v 






21° 

23° 

30° 

40° 

50° 

co° 

0 

l.OQO 

1.000 

1.000 

1.000 

1.000 

1.000 

5 

1.019 

1.018 

1.018 

1.017 

1.017 

1.017 

10 

1.037 

1.034 

1.036 

1.036 

1.036 

1.035 

15 

1.056 

1.055 

1.054 

1.054 

1.053 

1.054 

20 

1.075 

1.074 

1.075 

1.074 

1.074 

1.073 

25 

1.096 

1.095 

1.095 

1.094 

1.093 

1.093 

30 

1.118 

1.116 

1.115 

1.115 

1.115 

1.114 

35 

1.137 

1.137 

1.135 

1.134 

1.133 

1.133 

40 

1.151 

1.150 

1.150 

1.148 

1.147 

1.157 

45 

1.181 

1.178 

1.179 

1.177 

1.176 

1.179 

50 

1.202 

1.200 

1.200 

1.198 

1.195 

1.200 

55 

1.227 

1.225 

1.226 

1.224 

1.224 

1.226 

60 

1.250 

1.249 

1.248 

1.247 

1.244 

1.251 

65 

1.275 

1.273 

1.274 

1.272 

1.271 

1.279 

70 

1.298 

1.298 

1.289 

1.297 

1.295 

1.291 


Table II. — Specific Gravity of Saturated Solution of Boric Acid in Sorbitol Solution at Various 

Temperatures 


Concn of 


Sorbitol, 

% w/w 

21° 

25° 

Spccibc Gravity 

30° 40° 

50° 

G0° 

0 

1.018 

1.020 

1.023 

1.029 

1.036 

1.046 

5 

1.036 

1.038 

1.041 

1.047 

1.053 

1.061 

10 

1.056 

1.056 

1.059 

1.064 

1.071 

1.079 

15 

1.074 

1.075 

1.077 

1.082 

1.084 

1.096 

20 

1.095 

1.095 

1.096 

1.101 

1.108 

1.114 

25 

1.113 

l.il4 

1.116 

1.120 

1.124 

1.131 

30 

1.134 

1.134 

1.140 

1.140 

1.145 

1.150 

35 

1.152 

1.152 

1.154 

1.157 

1.163 

1.167 

40 

1.165 

1.164 

1.166 

1.170 

1.171 

1.187 

45 

1.190 

1.190 

1.192 

1.194 

1.197 

1.206 

50 

1.211 

1.210 

1.210 

1.210 

1.214 

1.221 

55 

1.231 

1.231 

1.232 

1.234 

1.235 

1.240 

60 

1.253 

1.252 

1.252 

1.254 

1.257 

1.258 

65 

1.274 

1.272 

1.272 

1.271 

1.273 

1.272 

70 

1.294 

1.292 

1.293 

1.291 

1.290 

1.294 


Table III. — Solubility of Boric Acid in Sorbitol Solution at Various Temperatures 


Concn of 






— Solubility 





— . 

Sorbitol, 

21 

° 

23 

9 

30 

° 

■10 

° 


50° 


C0° 

% w/w 

A° 


A 

B 

A 

B 

A 

B 

A 

B 

A 

B 

0 

18.88 

5.03 

16.98 

5.57 

14.73 

6.36 

11.36 

8.09 

9.03 

9.98 

6.91 

12.65 

5 

16.13 

5.74 

14.60 

6.31 

12.65 

7.21 

10.01 

8.95 

8.01 

10.95 

6.33 

13,46 

10 

13.45 

6.70 

12.68 

7,09 

11.12 

7.99 

8.91 

9.78 

7.25 

11.76 

5.82 

14.25 

15 

11.98 

7.33 

11.10 

7.87 

9.87 

8.76 

7.97 

10.64 

6.45 

12.84 

5.38 

15.00 

20 

10.19 

8.37 

9.75 

8.72 

8.74 

9.63 

7,13 

11.55 

5.93 

13.56 

4.90 

16.00 

25 

9.14 

9.09 

8.73 

9.47 

7.83 

10.45 

6.42 

12.46 

5.43 

14.43 

4.51 

16.88 

30 

8.17 

9.88 

7.71 

10,42 

7.04 

11.31 

5.93 

13.14 

4.98 

15.26 

4.15 

17.80 

35 

7.36 

10.68 

7.00 

11.18 

6.40 

12.11 

5.41 

14.02 

4.53 

16.33 

3.87 

18.60 

40 

6.88 

11.22 

6.62 

11.63 

6.01 

12.64 

5.12 

14.53 

4.36 

16.69 

3.56 

19.57 

45 

6.19 

12.03 

5.72 

12,92 

5.28 

13.86 

4.52 

15.83 

3.88 

17.97 

3.28 

20.52 

50 

5.63 

12.87 

5.20 

13.80 

4.84 

14.72 

4.17 

16.67 

3.59 

18.94 

3.00 

21.76 

55 

5.01 

13.99 

4.64 

14.98 

4.32 

15.89 

3.76 

17.87 

3.26 

20,02 

2.80 

22.60 

60 

4.44 

15.28 

4.15 

16.17 

3.91 

17.02 

3.44 

18.91 

2.97 

21.31 

2.45 

24.63 

65 

3.98 

16.45 

3.75 

17.31 

3.50 

18.32 

3.10 

20.27 

2.75 

22.30 

2.41 

24.48 

70 

3.06 

17.43 

3.37 

18.66 

3.19 

19.47 

2.41 

24.20 

2.48 

23.74 

2.25 

25.65 


“ A —Solubility of boric acid expressed as ml. of solvcnt/Gm. of solute, 
B — Solubility of boric acid expressed as per cent by weight. 


of sorbitol and decrease rvith an increase in tempera- 
ture. The specific gravity of the various solutions 
varied from 1.000 for pure u-ater (0% sorbitol) to 
1.291 for a 70% solution of sorbitol at 60°. As 
shown in Fig. 1, the relationship existing between 
specific gravity of a saturated solution of boric acid 
in sorbitol solution and concentration of sorbitol is a 
linear function. While the specific gravity of 


sorbitol solution was found to decrease with an 
increase in temperature, the reverse is true for the 
saturated solution of boric acid in sorbitol solution. 
The specific gravity of saturated solutions of boric 
acid in sorbitol solution was found to increase ivith 
an increase in temperature. This is attributed to the 
increase in concentration of boric acid brought about 
by the increase in temperature. 
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Table IV. — Composition of Boric Acid-Watbr-Sorbitol System at Various Temperatures 


Boric Acid, 

% 

Sorbitol, 

% 

Water, 

% 




5.03 

0.00 

94.97 

5.74 

4.76 

89.50 

6.70 

9.33 

83.97 

7.33 

13.90 

78.77 

8.37 

18.33 

73.30 

9.09 

22.73 

68.18 

9.88 

27.04 

63.08 

10.68 

31.26 

58.06 

11.22 

35.51 

53.27 

12.03 

39.59 

48.38 

12.87 

43.57 

43.56 

13.99 

47.31 

38.70 

15.28 

50.83 

33.99 

16.45 

54.31 

29.24 

17.43 

57.80 

24.77 







8.09 

0.00 

91.91 

8.95 

4.55 

86.50 

9.78 

9.02 

81.20 

10.64 

13.40 

75.96 

11.55 

17.69 

70.76 

12.46 

21.89 

65.65 

13.14 

26.06 

60.80 

14.02 

30.07 

55.91 

14.53 

34.19 

51.28 

15.83 

37.88 

46.29 

16.67 

41.67 

41.66 

17.87 

45.17 

36.96 

18,91 

48.65 

32.44 

20.27 

51.82 

27.91 

24.20 

52.96 

22.84 


Composition 


Boric Acid, 

% 

Sorbitol, 

% 

25° 

Water, 

% 

5.57 

0.00 

94.43 

6.31 

4.68 

89.01 

7.09 

9.29 

83.62 

7.87 

13.82 

78.31 

8.72 

18.26 

73.02 

9.47 

22.63 

67.90 

10.42 

26.87 

62.71 

11.18 

31.09 

57.73 

11.63 

35.47 

52.90 

12.92 

39.19 

47.89 

13.80 

43.10 

43.10 

14.98 

46.76 

38.26 

16.17 

50.30 

33.53 

17.31 

53.75 

28.94 

18.66 

56.96 

24.38 


5QO 





9.98 

0.00 

90.02 

10.95 

4.45 

84.60 

11.76 

8.82 

79.42 

12.84 

13.07 

74.09 

13.56 

17.29 

65.15 

14.43 

21.39 

64.18 

15.26 

25.42 

59.32 

16.33 

29.28 

54.39 

16.69 

33.34 

49.97 

17.97 

36.91 

45.12 

18.94 

40.53 

40.53 

20.02 

43.99 

35.99 

21.31 

47.21 

31.48 

22.30 

50.51 

27.19 

23,74 

53.38 

22.88 


Boric Acid, 

% 

Sorbitol, 

% 

Water, 

% 




6.36 

0.00 

93.64 

7.21 

4.64 

88.15 

7.99 

9.20 

82.81 

8.76 

13.69 

77.55 

9.63 

18.07 

72.30 

10.45 

22.39 

67.19 

11.31 

26.61 

62.08 

12.11 

30.76 

57.13 

12.64 

34.94 

52.42 

13.86 

38.76 

47.38 

14.72 

42.64 

42.64 

15.89 

46.26 

37.85 

17.02 

49.79 

33.19 

18.32 

53.09 

28.59 

19.47 

56.37 

24.16 







12.65 

0.00 

87.35 

13.46 

4.33 

82.21 

14.25 

8.58 

77.17 

15.00 

12.75 

72.75 

16.00 

16.80 

67.20 

16.88 

20.78 

62.34 

17.80 

24.66 

57.54 

18.60 

28.84 

52.56 

19.57 

32.57 

47.86 

20.52 

35.77 

43.71 

21.76 

39.13 

39.11 

22.60 

41.47 

35.93 

24.63 

45.22 

30.15 

24.48 

49.09 

26.43 

25.65 

52.05 

22.30 


The solubility of boric acid in sorbitol solutions 
was found to increase with an increase in tempera- 
ture and concentration of sorbitol. The solubility 
of boric acid varied from 5.03% in water at 21° to 
25.7% in 70% sorbitol solution at 60°. Figures 2 
and 3 can be used to determine the solubility of boric 
acid in sorbitol solutions of 0 to 70% by weight at 
temperatures ranging from 21° to 60°. This rela- 
tionship is important when one considers problems of 
formulation, stability, and storage where slight 
changes in temperature may seriously affect the 
solubility. 

The composition of each of the solutions, in per 
cent by weight of sorbitol, boric acid, and water, 
was plotted on triangular graph paper. The 
maximum concentration of boric acid was at 60° 
and found to be 25.7% at a concentration of 52.1% 
sorbitol and 22.2% water. At higher concentrations 
one or more of the components precipitated. A 
phase diagram is very useful in determining concen- 
trations when one or two components are fixed 
at a definite value. For example, at 25°, in order to 
dissolve 8% boric acid, 14% of sorbitol and 78% of 
water is required. This solution will be saturated 
with boric acid at this temperature. The area above 
the curves in Fig. 4 represents concentrations of the 
three components which will yield a clear solution. 
One or more components will precipitate in the area 
beneath the curves. Theoretically, a maximum 
solubility is reached at about 50 to 60% sorbitol 
(depending upon temperature) and it is believed that 
higher concentratiSns of sorbitol will actually result 


in a lesser solubility of boric acid. Since both the 
boric acid and sorbitol wdll be competing for the 
lesser amount of water present, the sorbitol, having 
the greater solubility, will dissolve at the expense of 
the boric acid. This phenomenon is further shown 
on the phase diagram, since the curves must ap- 
proach the point representing 100% sorbitol, 0% 
water, and 0% boric acid, which is located at the 
apex of the triangle. As can be seen from the curves 
the increase in temperature lowers the curves, in- 
creasing the area above the curve resulting in a 



Fig. 4 — Phase diagram of boric acid-water-sorbitol 
system. 
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greater area of solubility for boric acid in the sorbitol 
solvent. 

Figure 5 sliou s the log of solubility vs reciprocal of 
absolute temperature This plot }’ielded a straight 
line from which the slope was determined Calcu- 


Table \' — Comparison of Calculated 
Solubility with Experimentally Determined 
Solubility of Boric Acid 


A 

B 

C 

D 

E 

0 

5 030 

1 223 

1 257 

1 236 

5 

4 580 

1 405 

1 399 

1 406 

10 

4 260 

1 560 

1 558 

1 551 

15 

4 030 

1 755 

1 723 

1 699 

20 

3 S40 

1 895 

1 907 

1 897 

25 

3 470 

2 082 

2 058 

2 081 

30 

3 420 

2 247 

2.269 

2 268 

35 

3 200 

2 475 

2 426 

2 416 

40 

3 200 

2 541 

2 537 

2 556 

45 

3 200 

2.779 

2.860 

2 798 

50 

3 050 

2 997 

3 060 

2 989 

55 

2 900 

3 249 

3 340 

3 254 

60 

2 750 

3 556 

3 576 

3 550 

65 

2 470 

3 848 

3 875 

3 792 

70 

2 410 

4 193 

4 245 

4 144 


A — Concentration of sorbitol, per cent by weight B — A// 
calculated from slope calones/mole/degree — Calculated 
solubility at 35® when Ti « 323® K , moles/1000 Gm sol- 
vent D — Calculated solubility at 35® when Ti = 298® K . 
moles/1000 Cm solvent B — Solubility determined experi 
raentallj from Fig 2 moles/1000 Gra solvent 



Fig. 5 — Plot of log solubility of boric acid vs. 
reciprocal of absolute temperature 


lation of AH for each of the solvents ranging from 
water (0% sorbitol) to 70% sorbitol, shows that 
AH decreases with an increase in concentration of 
sorbitol. This change indicates that less heat is 
involved when a mole of boric acid dissolves in 70% 
sorbitol as compared to dissolving in water or in a 
lesser concentration of sorbitol. The application of 
van’t Hoff’s equation to this system was tested ami 
found to give acceptable results as shown in Tabic V. 
Utilizing this equation, the solubility of boric acid 
can be calculated at any temperature. This con- 
stant variant is important in pharmaceutical for- 
mulations since a knowledge of solubility enters 
into manj' problems. 

SUMMARY AND CONCLUSIONS 

1. A solubility study of the boric acid-water- 
sorbitol system has been made at various temp- 
eratures. 

2 The specific gravity of sorbitol solutions 
was determined by the pj'cnometric method and 
found to increase with an increase in concentra- 
tion of sorbitol, and decrease with an increase in 
temperature. While the specific gravity of sor- 
bitol solution was found to decrease with an in- 
crease in temperature, the reverse was found to 
be true for the saturated solution of boric acid in 
sorbitol solution. This ivas due to the in- 
creased solubility of boric acid at elevated tem- 
peratures. 

3. The solubility of boric acid in sorbitol sol- 
ution -was determined at various temperatures 
and concentrations of sorbitol and found to in- 
crease with an increase in temperature and con- 
centration of sorbitol. 

4. A phase diagram of the boric acid-water- 
sorbitol system was determined at various 
temperatures. The heat of solution, AH, for the 
various systems was evaluated by plotting log of 
solubility of boric acid versus reciprocal of ab- 
solute temperature. It was found that AH de- 
creased with an increase in concentration of sor- 
bitol The application of van’t Hoff’s equation 
to this system was tested and found to give ac- 
ceptable results. 
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The Distribution and Fate of Iodine in 
lodopropylidene Glycerol in the Rat* 

By GEORGE F. HOFFNAGLEf and ARTHUR OSOL 

The distribution and fate of iodine in iodopropylidene glycerol in the rat were 
studied by use of the compound tagged with iodine”*, and comparisons were made 
with a similar study of tagged potassium iodide, both substances being given in a 
single dose of a magnitude equivalent to the therapeutic dose of potassium iodide 
in humans. Iodopropylidene glycerol was found to provide more prolonged 
though lower blood iodide levels and higher thyroidal iodine levels than an equival- 
ent dose of potassium iodide. 


' I *HE HISTORY of systemic iodine therapy is 
long and confused, and the application of 
such therapy has traversed the gamut of diseases. 
In the past half centurj’-, various clinical and lab- 
oratory studies have established the value, in 
greater or less degree, of iodine therapy in many 
disease entities. The practical problems in- 
cident to systemic iodine therapy have been 
chiefly those of gastric irritation caused by io- 
dides and elemental iodine, and the onset of io- 
dism attending continued high-level therapy. 

One compound which appears to produce de- 
sirable clinical benefits without causing gastric 
distress or iodism is iodopropylidene glycerol 
(1-5), hereafter called IPG.' The apparent ad- 
vantages of IPG prompted this investigation of 
its biological distribution and utilization. 

The lack of gastric distress is undoubtedly 
attributable both to the absence of iodide ion and 
free iodine in the preparations of the compound 
and, by virtue of the stability of the compound 
in acid media, to the lack of release of these in 
the stomach. 

Biological work done elsewhere indicates the 
compound to be devoid of demonstrable chronic 
toxicity at reasonable levels, and to have an 
LDjo of approximately 700 mg. per Kg. of body 
weight when injected intraperitoneally into mice; 
its intestinal absorption is equal to, or exceeds, 
that of Lugol’s solution; and it produces the 
same levels of protein-bound iodine in blood as 
do inorganic iodides (6, 7). Its efficacy and effi- 
ciency for iodine therapy have been established. 
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EXPERIMENTAL 

In order to determine the distribution of a single 
therapeutic dose of iodine, the approximate equiva- 
lent for rats of the amount of iodine represented in 
the average human dose of potassium iodide (300 
mg.) was used, this amounting to 1 mg of iodine per 
rat, given as 1.3 mg. of potassium iodide or 2 mg of 
IPG. The potassium iodide, tagged with 100 micro- 
curies of I’*', was given in 1 ml. of water. The IPG, 
tagged with variable radioactivity depending on the 
tagging achieved, was given in 1 ml of 60% v/v 
glycerin solution orally, or 20% v/v glycerin solution 
intravenously. No evidence of damage to thyroid 
tissue by radiation was observed either macroscopi- 
cally or by gland weights in any experiment. 

Young male Wistar rats from 250 to 300 Gm in 
weight were brought to iodine equilibrium by feeding 
solely on Purina Dog Chow for two weeks prior to 
the experiments. Immediately after giving the dose 
orally using a feeding needle, the rats were placed 
in metabolism cages mounted on shallow funnels 
The funnels were fitted with paper toweling with 
the center hole open, the toweling being treated with 
sodium hydroxide solution. The feces could thus 
be collected in sodium hydroxide solution under the 
funnel, while the alkali on the paper achieved im- 
mediate absorption of all urine and prevented loss of 
iodine by decomposition to elemental form. 

Five rats were used for each time period in each 
experiment. The rats were sacrificed by ether anes- 
thesia at the specified times and immediately dis- 
sected The tissues were studied by the following 
procedures. The thyroids were digested individu- 
ally by the Blau procedme (8), involving an eight- 
hour period of refluxing in 8% barium hydroxide 
solution, with subsequent separation into a thyroxin 
fraction and a non-thyroxin fraction by «-butanol 
extraction of the digested solution containing added 
sodium hydroxide 

The lungs, liver, spleen, kidneys, stomach, small 
intestines and contents, large intestine and contents, 
skeletal muscle, brain, fat (from betvfeen the 
shoulder blades, being careful to use only the white 
fat), knee joint (with the bone on each side cropped 
close and the muscle carefully removed), and eye — • 
both whole and lens only, were pooled to obtain one 
sample of each t 3 q)e of tissue from each five rats, and 
were digested at boiling temperature in 4iV sodium 
hydroxide solution. The whole blood was counted 
individually, directly as a l.T dilution in antico- 
agulant citrate solution U. S. P., since Owen and 
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Power (9) have shown that the blood iodide dis- 
tribution is 0.565 times as high in the cells as it is 
in the plasma. The bone was digested in hot sul- 
furic acid-chromic acid solution, thereby converting 
the iodine to iodate. All digested solutions were 
brought to definite volumes in volumetric flasks, 
and 2-ml. aliquots were counted in a lead-shielded 
counting chamber using an end-window, organic- 
quenched, Geiger-AIueller counter tube and a 
Tracerlab Superscaler. All counts were corrected 
for dead time, background, to RaDEF standard, for 
decay, and for dilution. The counts per minute 
obtained for the w-butanol samples must be reduced 
by 15% for comparison with the aqueous samples, 
due to the difference in self-absorption in the sample 
caused by the change of solvents. Calculations 
were made in terms of counts per total tissue and/or 
counts per Cm. of tissue, as indicated. These were 
then converted to per cent of total dose. 

Xo attempt was made to do more than follow the 
distribution of the iodine in this series Preliminary 
e.vperiments indicated that the iodine in IPG is 
completely converted to inorganic iodide by both of 
the alkaline digestive procedures used in the 
analysis 

The results represent the average for 10 rats at 
each time interval where standard deviation is 
given, or the average for five rats where standard 
deviation is not given, and for five rats for all values 
at the seventy-two-hour period. The important 
results, given in Table I, are on a wet tissue basis. 
The values for kidneys, liver, lungs, skeletal muscle, 
spleen, joint, bone, fat, ej'e, lens, and brain were 
proportionately lower than, and followed closely, 
the blood levels. 

Chromatographic Study of Thyroid, Blood, and 
Urine 24 Hours after Administration of IPG or 
Potassium Iodide. — Rats administered the equiv- 
alent of 1 mg. of iodine, as tagged IPG or potassium 
iodide, given orallj' or intravenously, were sacrificed 
at twenty-four hours and blood, thyroid, and urine 
samples were obtained. The blood was obtained by 
e.\cising the heart, and immediately diluted with an 
equal volume of anticoagulant citrate solution; 
the radioactivity of a 2-ml. sample was determined, 
and the remainder centrifuged to obtain a plasma 
sample. The e.\cised gland was immediately 
weighed, extracted with n-butanol by a modification 
of the Gross and Leblond (10) method, using a re- 
volving Teflon pestle in a Pyrex tube mortar, 0.1 ml. 
of water added to accomplish the contusion, followed 
by 1 ml. of n-butanol to complete the disintegration 
and to extract the iodinated contents. «-Butanol 
was shown to be a good solvent for IPG as well as 
all normal thyroid iodine compounds (10). This 
process yielded 1 ml. of solution, from which the 
solid sediment was removed by centrifugation: 
the radioactivity of this solution was measured. 

The total thyroid e.\tract, 0.1 ml. of the 11 di- 
luted plasma, and 0.1 ml. of the twenty-four-hour 
urine, along with radioactive sodium iodide and 
IPG standards, were placed on WTiatman Xo. 1 
filter paper sheets by pipetting 0.006-ml. portions 
on the origin spot at a time, dr>'ing each application 
with the aid of mild heat and a current of air. 
Chromatography was performed by an ascending 
technique, using «-butanol saturated with pH 7.2 


phosphate buffer, for a period of approximately 
twelve hours. In conjunction with this phase of the 
study it was demonstrated: that iodide ion is 
trapped by plasma and exhibits little or no chromato- 
graphic movement, regardless of whether the two are 
brought together in vivo or in vitro; that IPG, 
placed on the paper first, with normal plasma after- 
ward placed on it, migrated as expected according 
to the IPG standard; that IPG superimposed by 
urine also migrated as expected. Chromatograms 
were air-dried for approximately one-half hour, then 
scanned for radioactivit}'^ on a scanning table (54). 
A complete set of the chromatograms of one rat in 
each dose category were autoradiographed. 

The chromatograms indicated that: no IPG was 
present in blood, urine, or thyroid at twenty-four 
hours; iodide ion was always present in all three 
tissues at twenty-four hours, regardless of whether 
IPG or potassium iodide was given or by what 
route; occasional rats yielded sufficient radio- 
active thyroxin-like material to be detectable, 
though of a very low order. This last is in contra- 
distinction to the results of Gross and Leblond (10), 
who used carrier-free radioiodide which was taken 
up and converted by thyroid with the result that 
much higher radioactivity levels were obtained. 

Studies on Initial Distribution of lodopropylidene 
Glycerol in the Rat. — In this phase of the study 
selected solid tissues of rats receiving tagged com- 
pounds were homogenized in a Waring Blendor with 
0.1% potassium iodide solution; and the radio- 
activity of aliquots of these homogenates, as well 
as of blood samples, was measured. Then chloro- 
form extracts were prepared by thorough agitation 
of the homogenates and of the whole blood with 
measured volumes of chloroform. Phase separation 
was effected by centrifugation. Aliquot portions of 
the chloroform extracts were counted for an estimate 
of the IPG portion of the total activity previously 
measured. The IPG was again the I'’*-tagged 
material prepared as previously described. Meas- 
urements of the radioactivity were made on 2-ml. 
samples enclosed in a 2-inch lead shield, using an 
end-window, organic-quenched, Geiger-Muellcr 
counter tube and a Tracerlab Superscaler. Tlie 
solubility ratio of IPG in chloroform-water systems 
and the variation of self-absorption in chloroform 
solutions from the self-absorption in water (19% 
greater self-absorption in chloroform) were taken 
into account. 

The rats were anesthetized by administering 
35 mg./Kg. of pentobarbital sodium intraperitonc- 
ally, occasionally supplemented at longer time in- 
tervals with ether anesthesia at the end of the 
experimental period in order to terminate the indi- 
vidual experiments at the specified time. Oral and 
intravenous routes of administration were com- 
pared in order to throw more light on the question 
of absorption from the gastrointestinal tract. 

Sufficient paper chromatograms (11) were run on 
the chloroform extracts to show that activities re- 
ported for these chloroform extracts are due to IPG 
as such. n-Butanol saturated with pH 7.2 phos- 
phate buffer solution was used as the solvent. 
Results of these studies are shown in Figs. 1 and 2, 
and Table II. 
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Table I. — Results of Distribution Studies on Potassium Iodide and IPG, 

AFTER Single Oral Dose Containing 1 mg. of Iodine 



/ Potassium Iodide— * 

. lodopropylidene Gljcerol . 



Dose 


Dose 


Dose/Gm 

in Entire 

Dose/Gm 

in Entire 

Tissue 

of Tissue, % 

Tissue, % 

of Tissue, % 

Tissue, % 


Distribution 4 Hr 

after Administration 



Blood, whole 

0 31 ± 

5 2“ ± 

0 19 ± 

3.3“ ± 


0.03 

0 5 

0 05 

0 9 

Feces, total 





Thyroid, thyroxin 

0 025 ± 

0 0004 ± 

0.68 ± 

0 016 ± 


0 025 

0.0005 

0 5 

0 008 

ThjToid, non-thyroxin 

2.5 ± 

0 040 ± 

13 2 ± 

0 25 ± 


0 6 

0 012 

4 4 

0 10 

Urine, total 


18 9 ± 


8 1 ± 



5 7 


4 4 


Distribution 12 Hr 

after Administration 

' 


Blood, whole 

0 078 ± 

1 4“ ± 

0 075 ± 

1.6“ ± 


0 03 

0.5 

0 04 

0 9 

Feces, total 


28.1 ± 


22.4 ± 



11. 


13 4 

Thyroid, thyroxin 

0 44 ± 

0 011 ± 

5 4 ± 

0 090 ± 


0 25 

0 006 

2.1 

0 040 

Thyroid, non-thyroxin 

5 9 ± 

0.16 ± 

55 0 ± 

0 91 ± 


2.5 

0 08 

14 0 

0 23 

Urine, total 


49 1 ± 


29 1 ± 



10. 


9 2 


Distribution 24 Hr. after Administration 



Blood, whole 

0 0091 ± 

0.15“ ± 

0 051 ± 

0 92“ ± 


0.0015 

0 03 

0 012 

0 15 

Feces, total 


22 1 ± 


29 7 ± 



10 


6 7 

Thyroid, thyroxin 

4 0 ± 

0 016 db 

5 9 ± 

0 098 ± 


0 8 

0 003 

2 7 

0 042 

Thyroid, non-thyroxin 

28 5 ± 

0 58 ± 

52 9 ± 

0 83 ± 


3 0 

0 09 

17 

0 47 

Urine, total 


67 4 ± 


35 7 ± 



13 1 


6 4 


Distribution 48 Hr 

after Administration 



Blood, whole 

0.0010 ± 

0 018“ ± 

0 0083 ± 

0 15“ + 


0 00015 

0 0028 

0 0045 

0.08 

Feces, total 


22 2 ± 


39 0 ± 



11 1 


14 3 

Thyroid, thyroxin 

1.67 ± 

0 034 ± 

6 35 ± 

0 11 ± 


0 33 

0 014 

3 3 

0.06 

Thyroid, non-thyroxin 

15.0 ± 

0 30 ± 

52 9 ± 

0 93 ± 


2.9 

0.15 

26 

0 40 

Urine, total 


64 6 ± 


53 9 ± 



12 5 


15 


Distribution 72 Hr. after Administration 



Blood, whole 



0 0012 ± 

0 021“ ± 




0 0019 

0 035 

Feces, total 




37 7 ± 





9 8 

Thyroid, thyroxin 



3 8 ± 

0 065 ± 




2 0 

0 034 

Thyroid, non-thyroxin 



28 2 ± 

0 47 ± 




19 0 

0 30 

Urine, total 




55 0 ± 





10 1 


® Based on a\ erage blood volume of 6 7 ml per 100 Gm in rats 


DISCUSSION 

The absorption of 2 IPG from the gastrointestinal 
tract of the intact rat was found to proceed to the ex- 
tent of 77% at the end of two hours, (Fig 2), allowing 
the conclusion that the compound is well absorbed 
from an oral dose It is also shown that the gastro- 
intestinal tract and tissues remained substantially 


free of iodide ion during most of this period, indicat- 
ing that no significant decomposition of 2 IPG, with 
release of its iodine component, occurred Since the 
stomach and intestinal tissues were included in this 
study, it is considered that the iodine is transported to 
the blood stream in organic form The appearance 
of iodide ion at the one hundred-twenty-minute pe- 
riod, whereas none was observ’ed at the ninety-minute 
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Fig 1 — Comparison of uliole blood content of 
total iodine and of iodine m IPG following oral (O) 
and intravenous (n) doses of IPG, and of iodine 
following oral potassium iodide Broken lines 

represent total iodine, solid lines represent iodine in 
IPG 


Table II — Per Cent of Dose in Rat Organs 
after Intravenous Injection of 2 mg of Iodo- 

PROPVLIDENE GlYCEROL, AVERAGE I’ALUES OF DaTA 

Obtained on 5 Rats 


At 30 Mm 

after lojectjon 


Tissue 

Per Gram 

Per Tissue 

Blood, total iodine 

0 478% 

7 70% 


± 0 037 

± 0 60 

iodine 

0 082 

1 61 

Brain, total iodine 

0 233 

0 424 

IPG iodine 

0 042 

0 077 

Fat, total iodine 

0 291 


IPG iodine 

0 231 


Intestine, sra., total 

0 945 

8 22 

iodine 



IPG iodine 

0 054 

0 498 

Kidneys, total iodine 

0 713 

1 50 

IPG iodine 

0 015 

0 030 

Liv’er, total iodine 

0 533 

5 43 

IPG iodine 

0 014 

0 148 

Lungs, total iodine 

0 311 

0 416 

IPG iodine 

0 031 

0 042 

Muscle, total iodine 

0 274 


IPG iodine 

0 048 


Spleen, total iodine 

0 342 

0 774 

IPG iodine 

0 019 

0 042 

Stomach, total iodine 

0 755 

2 49 

IPG iodine 

0.053 

0 173 

At 10 Mm. after Injection 


Blood, total iodine 

0 537% 

8 60% 


± 0 025 

± 0 39 

IPG iodine 

0 155 

2 48 

Liver, total iodine 

0 877 

8 07 


± 0.046 

d= 0 62 

IPG iodine 

0.033 

0 303 


± 0 008 

± 0 058 


period, is considered to be evidence of secretion of 
iodide ion back into the tract through the stomach 
or bile. The results indicated that potassium io- 
dide is more rapidly absorbed than is IPG. 

The calculated fraction in the blood of the dose of 
IPG was always small, even only 2% at ten minutes 
after the intravenous dose, and always small com- 
pared with the total blood iodine. These facts 
require that the IPG be efficiently and quickly re- 
moved from the blood stream, and that metabolic 
release of the iodine from its organic combination 
be commenced immediately. Direct metabolic 
release of the organic iodine to iodide so rapidly by 
the blood or organs seems contraindicated by the 
long iodide blood levels relative to those from 
potassium iodide. Absence of IPG from the urine 
and the long iodide levels would seem to rule out 
everetion. 

No organ or tissue studied at any of the time 
intervals after administration of IPG revealed any 
storage of either IPG or total iodine which could be 
considered significantly large in relation to the dose. 
The fat showed an early storage of IPG significantly 
above the total iodine level of the blood, at the same 
time period (thirty^ minutes). Since IPG is soluble 
in fats, the fat might be considered a logical storage 
depot However, the iodine levels in the fat were 
barely detectable at the four-hour period (Table 1) 
and were not detected at longer time intervals 
Such a short storage time seems incompatible with 
the duration of blood levels observed 

Although total iodine levels in the kidneys, small 
intestine, stomach, and liver thirty minutes after 
the dose (Table II) were significantly above that in 
the blood at the same time, the total-organ content 
of iodine in each case was insignificant in comparison 
with the dose, and the idea of these tissues being 



TIME AFTER DOSE IN MINUTI S 
Fig. 2. — Remaining total iodine (broken line) 
and iodine in IPG (solid line) found in gastrointes- 
tinal tract of rats following oral doses of IPG(*) and 
of potassium iodide (x). 
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possible storage sites for IPG or iodine metabolized 
from it was discarded 

For its size, the thyroid gland is capable of storing 
a large amount of iodide. However, the amounts 
observed cannot be considered as representing sig- 
nificant storage in comparison to the total thera- 
peutic dose, and the chromatograms did not detect 
any IPG. 

The possibility exists that the acetal portion of 
IPG could be broken enzj'matically to release io- 
dinated three-carbon residues, whicli might escape 
detection as organic iodine by means of chloro- 
form extracts because of higher water solubility. 
However, this same alteration of solubilities should 
have resulted in the appearance of separate entities 
in the paper chromatographic studies, but no re- 
producible evidence of separate entities was ob- 
tained This was not construed to mean that the 
acetal ring is not broken in the metabolism of the 
compound It merely gave some evidence that, if 
this does occur, it is probably after the iodine has 
been removed 

The possibility exists of the release of iodine from 
IPG in elemental form by a metabolic process of 
general distribution in the bodjx with consequent 
rapid combination nith body proteins This could 
be sufficiently widespread to be unobservable as a 
storage in a specific tissue. Also, widespread low- 
concentration storage of IPG itself in these tissues, 
with relatively slow release of iodide, is possible 
These two mechanisms seem to be reasonable ex- 
planations for the data obtained in the investigation 

The investigation of iodine storage in the thyroid 
gland indicated that, following a single therapeutic 
dose, the gland was able to trap more iodine from 
IPG than from potassium iodide, was able to convert 
more of the iodide to thyroxin form from tlie IPG 
dose, and able to maintain these higher iodine levels 
over the comparison period studied The investiga- 
tions also revealed that the thyroid glands did not 
trap IPG as such, but trapped iodide released from 
IPG The blood iodide levels alone, compared with 
those of potassium iodide, do not constitute a reason- 


able explanation of this picture The possibility 
that this effect nas the result of the use of a 60%- 
glycerin solution as the vehicle for IPG exists, and 
further work on this point is indicated 

From the prolonged duration of blood levels of 
IPG following a single dose, it might be presumed 
that in a course of therapy continuously effective 
thjTOxin-blocking levels of blood iodide would be 
produced by IPG. Also, it might be considered 
that these levels would be maintained with IPG 
at a lower daily dosage than would be necessary with 
potassium iodide. 

It might be noted here that McKnight (1, 2) pro- 
duced successful involution of hyperthj-roid glands 
and rapid cessation of thyrotoxic symptoms in the 
patients with large (300 mg ), once-daily, intra- 
venous doses of IPG, without untoward S 3 'mptoms 

Comparison of data obtained in this investigation 
with those of Broking (12), Bonanni (13), and Forbes 
(14), on the rate of release of iodine from iodized 
fatty acids and fats indicates that IPG releases io- 
dine more rapidly than these compounds, and seems, 
therefore, to be intermediate between them and 
inorganic iodine compounds with respect to the rate 
of availabilitj' of its iodine 
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Book Notices 


A Glossary of Mycology By Walter H Snell 
and Esther A Dick Harvard University Press, 
Cambridge, Mass , 1957. x.xxi -k 171 pp 17 x 
26 cm Price $5 

This dictionarh' includes among its 7,000 terms 
some w'hich are not strictly mycological but might 
be useful to students because they do occur in my- 
cological literature Definitions referring to the 
fungi includes technical, popular, vernacular, and 
obsolete terms; terms used in medical mycology 
and antibiotics; folklore, and color terms; and 
names of the originators of the terms The type 
is small, but this is typical of books in this and re- 
lated fields. It should be a useful reference for 


teachers, advanced students, and amateur and pro- 
fessional mycologists 

Dorland’s Illustrated Medical Dictionary 23rd ed 
W. B Saunders Company, Philadelphia, 1957 
xvii -k 1,598 pp 17 x 26 cm Price S12 50 
This new edition of Dorland’s is bigger and, if 
possible, better than ever. Accuracy, authority, and 
quick usefulness remain the principal objectives of 
this reference work. It has been reviewed, revised 
and modernized. It is as new as the recently coined 
"ataractic” and "ataraxic,” with their blurred dif- 
ference; the respective definitions being: "Per- 
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taining to or capable of inducing ataraxia,” and "An 
agent capable of inducing ataraxia.” The fact that 
Austin Smith is responsible for modem drugs and 
dosage is assurance to physicians and pharmacists 
that expert attention has been given to this impor- 
tant phase of the dictionary. The longer page has 
permitted the addition of many words, without 
making the book bulkier, and the stiffer backing is a 
protective aid for standing usage. 


Dictionary of Microbiology. By Morris B. Jacobs, 

Maurice J. Gerstein, and William G. Walter. 

D. Van Nostrand Company, Ine., Princeton, 

N. J., 1957. 276 pp. 15x23.5 cm. Price S6.75. 

This book contains more than 5,000 items of 
interest to bacteriologists, cytologists, immunolo- 
gists, mycologists, biochemists, and others in re- 
lated medical fields. More detailed entries are 
included for important culture media and methods, 
stains and staining, and diagnostic tests. Other 
entries include types of apparatus, names of chemi- 
cal substances, enzymes, etc. Although some drugs 
are given by their generic names, and trade names 
are referred to the generic names, the trade names 
are not marked and many are omitted; e. g., 
under Tetracycline. . . "The group of tetracyclines, 
including oxytetracycline (Terramycin), chlorotet- 
racycline (Aureomycin), tetracycline (Achromycin), 
Chlorotetracycline should be chloretracycline; and, 
for tetracycline, the trade names Panmycin, Poly- 
cycline, Steclin, and Tetracyn are omitted. How- 
ever, the book should be a useful addition to the 
reference shelf for the many items which it includes 
that are not concisely described in other books; 
e. g., BCG Vaccine is defined, and another entry 
defines Calmette and Guerin’s Bacillus with a 
cross-reference to BCG. 


Heterocyclic Compounds. Vol. 6. Edited by 
Robert C. Elderfield. John Wiley & Sons, 
Inc., New York, 1957. %ui -)- 753 pp. 15 x 23.5 
cm. Price S25. 

This volume, the sixth in this authoritative and 
comprehensive series, covers the chemistry of the 
six-membered heterocj-cles containing two hetero 
atoms and their benzo derivatives, with the parent 
monocycles being treated separatelj’^ from their 
benzo derivatives. In general, the attempt has 
been made to cover the major English and German 
language periodicals through 1955. 

The text material is divided into chapters, con- 
tributed by specialists, under the following headings; 
the chemistry of the monocyclic dioxanes; benzo- 
uioxanes; sulfur analogs of the dioxanes; pyrid- 
azines; cinnolines and related compounds; phthala- 
zine and its derivatives; pyrimidine and its deriv-a- 
tives; the chemistry of quinazoline; the pyrazines 
and piperazines; the quino.xalines; the monocyclic 
oxazines; the benzoxazines; thiazines and benzoa- 
thiazines; phenazines, pheno.xazines, and phenothi- 
azines. The clear style, format, and type of the 
earlier volumes are continued in volume 6, and all 
that has been said in praise of this series can be 
repeated with much more reason now. No chemical 
library can be considered complete without this 
reference work. 


The Chemistry of Plants. By Erston V. IMiller. 
Reinhold Publishing Corp., New York 22, N. Y., 
1957, vii -f 174 pp. 15 x 23 cm. Price 
$4.75. 

This book presents a very limited coverage of the 
chemical substances found in plants, with brief 
descriptions of their composition, biochemical 
reactions, and physiological behavior. The infor- 
mation is presented in an interesting manner. 
Alkaloids are covered in a 15-page chapter which 
includes a discussion of the Rauwolfia alkaloids; 
mentioning that R. serpentina has been found to 
contain 14 substances of alkaloidal nature [more 
than 20 alkaloids isolated from R. serpentina were 
reported in This Journal, 44, 553(1955)] and noting 
that "Structurally reserpine contains a pentacyelic 
ring system.” The text gives general references 
after each chapter, and a subject inde.x is appended. 
The book should be a useful reference for those who 
do not wish extensive and detailed information in 
this field. 


Experiments in Biochemical Research Techniques. 
By Robert W. Cowgill and Arthur B. Pardee. 
John Wiley & Sons, Inc., New York, 1957. 
ix 188 pp. 15 X 23 cm. Price $3.50. 

This book is a laboratory text that includes 
thirty-seven experiments that are intended to il- 
lustrate some of the major research techniques of 
modern biochemistry. Physical chemical methods 
include; Distillation at low pressures. Counter- 
current distribution. Chromatography, and Zone 
electrophoresis. Seventeen experiments are related 
to the biochemistry of enzymes. Seven experiments 
illustrate radioisotope tracer techniques in bio- 
chemical research. Special laboratory exercises 
are appended and a subject index is included. The 
book represents a good printing and binding job 
and should be a useful addition to the research 
library and helpful to the teacher of graduate 
students. 

Principcs de Synthese Organique. Introduction au 
Mechanisme des Reactions. Edited by Lfio.v 
Velluz. Masson et Cie., Elditeurs, Paris_ 
1957. X -h 599 pp. 15 x 22 cm. Price 6,000 fr 
This book (in French) considers the theoretical 
principles of organic chemistry as they are related 
to syntheses and other reactions. The first four 
parts of the text cover Electronic factors. Mecha- 
nisms of reactions, Steric factors, and Steric aspect 
of reactions. Part five includes discussions on: 
Degrees of oxidation. Influence of the solvent, Ham- 
mett's equation for quantitative electronic effects; 
and gives tabulations of; Organic groups. Radicals, 
and Compounds with various properties and con- 
stants. A good subject inde.x is appended and an 
extensive table of contents is at the end of the book. 

International Encyclopedia of Cosmetic Material 
Trade Names. By Maison G. deNavarre. 
Moore Publishing Company, New York, 19.57. 
Ivi -f- 359 pp. 16 X 23 cm. Price .S7.50. 

This book is a useful compilation of information 
about materials and compositions in the field of 
cosmetics. The close relation of dermatological 



February 195S 


Scientific Edition 


155 


formulations with many cosmetic ingredients makes 
the book a good reference for pharmacists. The 
text is divided into a main section, which lists ma- 
terials by trade names; a product classification sec- 
tion (noted with each entry in the main listing); 
and a directory of manufacturers. 

Organic Reactions. Vol. IX. Roger Adams, Edi- 
tor-in-Chief. John Wiley & Sons, Inc., New 
York, 1957. vii -(- 46S pp. 15 x 23 cm. Price 
S12. 

This ninth volume of a series of organic reactions 
continues the excellent comprehensive reviews that 
started with volume I in 1932. Volume VIII was 
reviewed in Tins Journal, 44, 128(1955). Contri- 
butions of chapters by authors witli special knowl- 
edge of the particular reactions is continued, as is 
the general plan of presentation followed in the 
earlier volumes. 

The reactions included in this volume are in- 
dicated bj' the chapter headings: The cleavage of 
non-enolizable ketones rvith sodium amide. The 
Gattermann synthesis of aldehydes. The Bacyer- 
Villiger oxidation of aldehydes and ketones. The 
alkylation of esters and nitriles. The reaction of 
halogens with silver salts of carboxylic acids. The 
synthesis of j3-lactams, and The Pschorr synthesis 
and related diazonium ring closure reactions. The 
reference value of the work is aided by tabulations 
of compounds that have been prepared by or have 
been involved in a particular reaction. The text 
is documented with many references to the literature 
and a subject index is appended. Teachers, ad- 
vanced students, synthetic chemists, and libraries 
should have access to this book, and those who have 
used the earlier volumes will welcome this addition 
to the series. 

Apolekens Register over Standardforpackade Lake- 
medel 1957. Edited by 4poteharsocietentens 
Laboratorieavdelning. Victor Pettersons Bokin- 
dustri Aktiebolag, Stockholm, Sweden, 1957. 
xix -k 481 pp. 17 X 23 cm. 

This useful reference for proprietary drugs, partic- 
ularly those of Scandinavian manufacture, is pub- 
lished annually with paste-in supplements made 
available during the year. In addition to its value 
in a reference library, the book is a beautiful ex- 
ample of the art of printing and binding. 

Phosphorus and Fluorine, The Chemistry and Toxic 
Action of Their Organic Compounds. By Bernard 
Charles Saunders. New 'York: Cambridge 
University Press, New York, 1957. xiii 231 
pp. 14 X 21.5 cm. Price $5. 

This monograph is directed mainly to the ad- 
vanced student of chemistry and the industrial 
chemist, particularly those who manufacture and 
handle toxic organic compounds of phosphorus 
and fluorine. These compounds find applications as 
chemical warfare agents, as constituents of agricul- 
tural insecticides, in enzyme system investigations, 
and as medicinal agents. The author writes with 
authority, particularly about di-isopropyl phos- 
phoro-fluoridate (D. F. P.), a typical "nerve gas,” 
the discovery of which is accredited to him. 

Particularly interesting to pharmacists is Chapter 


X which covers esterase activity and medical as- 
pects. The latter includes the use of D. F. P. 
in postoperative paralytic ileus and its effect in 
myasthenia gravis, and the radiosensitizing effect 
of organic phosphates in the radiotherapy of malig- 
nant tumors. A concise statement on first-aid 
treatment for nerve-gas poisoning stresses the use 
of atropine injection (2 mg.) repeated at intervals 
and artificial respiration. 

The usefulness of the monograph is enhanced by 
having cited references as footnotes in the text. 
Added appendixes include methods of determination 
of fluorine in organic compounds and a table of 
properties of typical fluoro compounds. A general 
bibliographj' and a subject index are included. 
The format, type, and binding of the book are first 
rate. Medical, pharmaceutical, and chemical li- 
braries should add this monograph to their collec- 
tions. 

Regulation and Mode of Action of Thyroid Hormones. 
Ciba Foundation Colloquia on Endocrinology. 
Edited G. E. W. Wolstenholm and Elaine 
C. P. Millar. Little, Brown and Company, 
Boston, 1957. xii -f 327 pp. 13.5 X 20.5 cm. 
Price S8.50. 

The papers compiled in this volume attempt to 
review the developments during the last ten to 
fifteen years on concepts of regulation of the thy- 
roid gland and the character and mode of action of 
its hormones. The subjects presented include: 
Hj-pothalamus-pituitary-thyroid relationships; Reg- 
ulation of thyroid activity ; Influence of the central 
nervous system on the control of thyrotrophin se- 
cretion; Pituitary cytology and thyrotrophic hor- 
mone secretion; Factors influencing the thyroidal 
iodide pump; the "feed-back” hypothesis of the 
control of thyroid function; Hormone synthesis in 
the iodine-deficient thyroid gland; Enzymic as- 
pects of thyronine metabolism and its iodinated 
derivatives; the metabolism of thyroid hormones 
by kidney and the biological activity of the products ; 
The distribution and metabolism of thyroid hor- 
mones; Hepatic regulation of thyroxine metabolism ; 
Thyroid hormones at the peripheral tissue level: 
metabolism and mode of action; Cellular actions 
of thyroxine and similar compounds ; some observa- 
tions of the clinical effects of triiodothyroacetic 
acid; and The influence of the thyroid gland upon 
immune responses of different species to bacterial 
infection. References are given after each paper 
and the appended subject index adds to the refer- 
ence value of this volume. 

Travatix des Laboratoires de Matiere Medicate el de 
Pharmacie Galenique de la Faculte de Pharmacie 
de Paris. Vol. XLI, 1956. Edited hy^ M.-M. 
JANOT and R. Paris. Vigot Freres, Editeurs, 
Paris, 1957. 15.5 x 23.5 cm. 479 pp. 

This book (in French) is a compilation of original 
articles and theses on the subjects: Auto-injectable 
ampuls of the military health service; Contribution 
to the study of the alkaloids and flavonoids of some 
indigenous Genistas with the aid of electrophoresis; 
Studies on some African Rutaceae with alkaloids 
of the Fagara family ; Contribution to the study of 
Aphloia theaeformis; Identification of drugs and 
control of medicaments of vegetable origin by paper 
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chromatography. Abstracts of other articles are 
included in the poorly printed, paper-back volume. 
N'n index is given. 

Cnialysis in Practice. Edited by Charles H. 
Collier. Reinhold Publishing Corporation, New 
York, 1957. v + 153 pp. 15 x 18.5 cm. Price 
.?.3.95. 

Actual methods, economics, and problems of 
(xitalysis in the chemical process industries are 
described. Included are chapters on catalyst choice 
and commercial preparation; fixed bed systems and 
moving bed processes; economics of catalyst use; 
operating problems in processing; and an appraisal 
of trends and prospects in catalysis. 

The Clinical Application of Antibiotic.': Vol. Ill, 
Chloramphenicol and the Tetracyclines. By M. E. 
Florey. Oxford University Press, New York, 
1957. ix + 393 pp. 15 x 25 cm. Price S19.50. 
This volume is a continuation of the author’s 
earlier work "The Clinieal Application of Antibi- 
otics — Penicillin” which was published in 1952 and 
which must now be considered as Volume I of this 
series The aim of this book is to evaluate critically 
the data on which the present use of chloramphenicol 
and the tetracyclines is founded. The evidence in 
this volume on which clinical practice is based will 
help to make general principles clearer. Methods of 
treatment are given in detail. The importance of 
accurate diagnosis is stressed. 


Bergey's Manual oj Detenninative Bacteriology. 7th 
cd. By Robert S. Breed, E, G. D, Murray, 
Nathan R. Smith, el al. The Williams and Wil- 
kins Company, Baltimore, 1957. xviii ■+- 1,094 pp. 
15 X 23 cm Price S15. 

The format of this edition differs but little from 
that of the sixth edition. Many changes in the 
content, however, as the result of a thorough-going 
revision are apparent. Much historical material 
in the sixth and earlier editions of the Manual has 
been excluded. The new edition represents the 
coordinated results of the work of 100 contributors. 


Methods of Biochemical Analysis. \’ol. V. Edited 
by David Click. Interscience Publishers, Inc., 
New York, 1957. ix -f 502 pp. 15 x 23 cm. 
Price .$9.50. 

This book is designed to present chemical, physical 
microbiological, and if necessary, animal assays; as 
well as basic techniques and instrumentation for 
the determination of enzymes, vitamins, hormones, 
lipids, carbohydrates, proteins and their products, 
minerals, antimetabolites, etc. 


Biochemistry and Hitman Metabolism. 3rd ed. By 
Burnham S. Walker, William C. Boyd, and 
IS.AAC Asimov. The Williams and ^Vilkins 
Company, Baltimore, 1957. \-ii -1- 937 pp. 15 x 
23 cm. Price $12. 

The main effort in preparing this edition has been 


to keep the text as nearly as possible abreast of the 
field indicated by the title. Parts of the text have 
been rewritten and re-arranged and much new 
material has been introduced. 

Catalysis. \’ol. Y. Edited by Paul H. Emmet. 
Rheinhold Publishing Corporation, New York, 
1957. vi-f- 542 pp. 15x23 cm. Price $15. 
This fifth volume includes reactions of carbon 
monoxide, the oxo reaction, the direct catalytic 
synthesis of higher alcohols from carbon monoxide 
and hydrogen, the catalytic hydrogenation of 
aromatic compounds, hydrogen isotopes in the study 
of hy'drogenation and exchange, and the hydrodesul- 
furization of liquid petroleum fractions. Sub- 
sequent volumes will deal with halogenation, iso- 
merization, alkylation, polymerization, cracking, de- 
composition, and miscellaneous reaetions. 

The Chronically HI. By Joseph Fo.x. The Philoso- 
phical Library, Inc., New York, 1957. xix -f 229 
pp. 13.5 X 21.5 cm. Price $3.95. 

The material contained herein is of special interest 
to the physician, the social worker, the hospital ad- 
ministrator, and to labor and management. This 
book is a sociological approach to the problem of 
conquering the ravages of chronic diseases. 

Microlcchnigties of Clinical Chemistry for the Roiiliite 
Laboratory. By Samuel Natelson. Charles C 
Thomas, Publisher, Springfield, 111., 1957. xv + 
484 pp. 15x23 cm. Price $11. 

This book is written for investigators interested 
in following the effect of disease or drugs on the 
human organism or small laboratory animals. It is 
also of value to those faced with analysis of inorganic 
and organic constituents present in small amounts in 
all fields of chemistr 3 L The basic principles used in 
raieroanalysis and the equipment needed for this 
purpose are discussed. 

Complcxometric Titrations. Bj’ GeroldSchwarzen- 
BACH. Translated and revised in collaboration 
with the author by Harry Irving. Interscience 
Publishers, Inc., New York, 1957. xviii -h 132 
pp. 14 X 22 cm. Price $3.75. 

The author has presented a clear and full account 
of the basic theory in such a way that analysts may 
be able to plan new determinations and to under- 
stand the reasons for each step in the detailed pro- 
cedures. The book contains a full account of the 
theory and practice of metal-indicators. The prep- 
aration of standard solutions of complexoncs and the 
necessary buffers and indicators are described. Full 
detailed accounts of specific determinations arc 
given. 

Digitalis. Compiled and edited bj’ E. Grey 
Dimond. Charles C Thomas, Publisher, Spring- 
field, 111., 1957. xiv + 255 pp. 15 x 23 cm. 
Price $7. 

Collected in this book are the present day con- 
cepts of the use of digitalis, up-to-date ideas of 
dosage, treatment of intoxication, and prepara- 
tions of choice. 



Scientific Edition 

JOURNAL OF THE 
AMERICAN PHARMACEUTICAL 

ASSOCIATION 


Volume XLVII MARCH 1958 Number 3 


The Separation and Determination of Reserpine, 
Deserpidine, and Rescinnamine 
By Partition Column Chromatography* 

By ALMA L. HAYDEN, LEONARD A. FORD, and ALBERT E. H. HOUK 


A method is proposed for the column chro- 
matographic separation of deserpidine, re- 
setpine, and rescinnamine, and their de- 
termination by ultraviolet spectrophotometry. 
The method is useful for determining the 
purity of the crystalline alkaloids, and is 
suitable for the assay of their commercial 
mixtures. 

T N THE COURSE of investigations in this labora- 
tory on Ramvolfia alkaloids in therapeutic 
preparations, the need of a method for the quan- 
titative separation of reserpine, deserpidine, and 
rescinnamine became apparent. This need was 
heightened by the lack of absolutely pure speci- 
mens of the three alkaloids. All available crys- 
talline samples of the three substances were 
found to contain small amounts of one or both of 
the other congeners. 

Carol and his collaborators (1,2) have developed 
a qualitative procedure for separating reserpine, 
deserpidine, and rescinnamine by paper chroma- 
tography, using an isooctane-carbon tetrachlo- 
ride-piperidine-tertiary butyl alcohol-fonnamide 
system. The procedure presented here sepa- 
rates the three alkaloids quantitatively by liquid- 
liquid partition column chromatography. The 
alkaloids are then determined by direct ultra- 
violet spectrophotometry of the eluates in the 


* Received December 26, 1957, from the Division of 
Pharmaceutical Chemistry, Bureau of Biological and Physi- 
cal Sciences, FDA, Department of Health, Education, and 
Welfare, Wash., D. C. 


region between 260 and 330 m/j. The solvent 
system is M-heptane-chloroform-morpholine-for- 
mamide. Celite® 545 as obtained is used as the 
solid supporting material. 

EXPERIMENTAL 

Materials. — Solvents— (a) U. S. P. chloroform and 
methanol; redistilled n-heptane and morpholine. 
On comparison with water at 272 mp, the optical 
density values of these solvents should be less than 
0 . 200 . 

(b) Formamide. Distill in all glass apparatus 
under vacuum. Reject the first portion of distillate 
containing water, and collect the fraction which 
boils at about 101'’/12mra. Hg (115°/25 mm. Hg).' 
Store the purified formamide over concentrated sul- 
furic acid to remove most of the ammonia. The 
formamide should be neutral or slightly alkaline. 

Diatomaceous Silica Support — Celite® 545, pro- 
duced by the Johns-Manville Co. 

Eluent — ^Mix thoroughly, in a separatory funnel, 
715 ml. of w-heptane, 110 ml. chloroform, 1 ml. of 
morpholine, and 25 ml. of formamide. After equili- 
bration (about 20 minutes) separate the formamide 
layer and retain it for use as the immobile solvent. 
Filter the eluent (top layer) through CHCb-washed 
cotton. Prepare the solvent system on the day of 
use. 


I Some commercial formamide contain*; a strongly absorb- 
ing impurity which is not removed completely on distillation 
under the above conditions. Adsorption chromatography 
on Fisher alumina removes this impurity sufficiently to 
allow the direct use of the filtered eluate for spectrophotom- 
etry. However, many formamide distillates with optical 
densities up to 1.3 at 272 ra/i, when compared with water in 
1 cm. silica cells, were used without apparent effect upon the 
absorption of the eluates or the resolution of the alkaloids. 
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Preparation of Standard Solutions of Reserpine, 
Deserpidine, and Rescinnamine. — Accurately weigh 
about 1 mg. of each alkaloid. Dissolve each sample 
in a few drops of chloroform and dilute to 100 ml. 
with the filtered eluent. Measure the absorbances 
of these solutions between 260 m^ and 330 
in a suitable spectrophotometer relative to the eluent 
as blank. Since there is some decomposition of these 
alkaloids on standing in the eluent, the readings 
should be made immediately after preparation of 
the solutions. In the concentration range studied 
(up to 0.020 mg./ml.) solutions of these alkaloids in 
eluent and eluate follow Beer’s law at their respec- 
tive absorption maxima. To permit direct reading 
of the eluates in the ultraviolet spectrophotometer, 
the use of the eluent as reference blank is necessary. 

Chromatographic Tube. — A 350 mm. length of 
glass tubing (i. d. 21 mm.) fused to a piece of tapered 
outlet tubing. 

Preparation of the Column — Place a small pledget 
of CHCls-washed cotton in the bottom of the chro- 
matographic tube. Thoroughl}' mix 25 Gm. of 
Celite and 20 ml. of the immobile solvent. Add 
this mixture to the tube through a powder funnel 
in five equal portions by weight and tamp each 
portion tightly to a height of 4.8 cm. Add about 
0.5 Gm of Celite to the column and tamp down 
tightly. 

Preparation of the Samples — Dissolve an ac- 
curately weighed sample’ containing 0.5-5 0 mg. of 
the alkaloid(s) in about 1 ml. of chloroform-meth- 
anol (3 + 1) and transfer to a 30-ml. beaker contain- 
ing 1 Gm. of Celite, with the aid of several small por- 
tions of chloroform-methanol. Mix thoroughly 
and allow the solvent to evaporate under a hood fan 
or under vacuum at room temperature. 

Add the sample-Celite mixture to the prepared 
column using about 0.5 Gm. of Celite to rinse the 
sample beaker. Add a small pledget of CHClj- 
washcd cotton to the top of the column and tamp 
down tightl}'. Rinse the sample beaker three times 
with about 2 ml. of eluent and add the rinsings to the 
column . 

Place the remainder of the eluent in a stoppered 
separator as reservoir, and allow the eluent to per- 
colate through the column. Adjust the level of 
liquid above the column to yield an initial flow rate 
of about 65-70 drops of eluate per minute (5 ml. in 
three minutes). Develop the chromatogram at 
23°-26°. 

In general, for amounts up to 1.5 mg. of total 
alkaloids, collect a 100-ml, forerun; four 5-ml. 
fractions; deserpidine in the next 75 ml.; five 5- 
ml. fractions; reserpine in the next 110 ml.; six 
10-ml. fractions; rescinnamine in the next 200 ml. 
and finally five 5-ml. fractions. The fractions sepa- 
rating the alkaloids are collected in 5-ml. portions to 
establish the minimum absorption before and after 
the elution of each alkaloid, to permit the detection 
of any trailing between zones, and to detect early 
elution of the alkaloids. The time required for com- 
plete elution of the alkaloids is about six hours. 

For amounts greater than 1.5 mg. collect sufficient 
5 ml. fractions (on the basis of ultraviolet readings) 
before and after each main eluate to detect any early 
elution and trailing due to the larger amount of 


* Aliquots of alcoholic solution of the alkaloids ma3r be 
concentrated in vacuo to give the desired amount of sample. 


sample. For the determination of alkaloids present 
to the extent of less than 0.50 mg. collect the appro- 
priate fraction in 5-mI. portions of eluate. 

Determine the ultraviolet absorption spectra of 
the various fractions relative to the eluent as blank 
between 260 mp and 330 mp. Make any hecessary 
adjustments in the observed readings for over- 
compensation of eluent. The eluates containing 
deserpidine show a maximum absorption at 272 mp; 
reserpine shows maxima at 266-268 m/i and 295 m/j; 
and rescinnamine shows a maximum at 303-305 m^. 
Calculate the quantities of alkaloids in the eluates 
by comparing their absorbances, corrected for back- 
ground absorbance, with those of the corresponding 
standard solutions. 

DISCUSSION 

The proposed method of analysis was applied to 
crystalline samples of reserpine, deserpidine, and 
rescinnamine, and to synthetic and commercial mix- 
tures of the alkaloids. The purest samples of the 
three alkaloids were chosen as the standards. The 
elution of the three alkaloids in the order of deserpi- 
dine, reserpine, and rescinnamine is consistent with 
their relative R / values in paper chromatograms. 

The average recoveries of deserpidine, reserpine, 
and rescinnamine were 99, 97, and 95%, respectively, 
in the analysis of both individual alkaloids and sjti- 
thetic mixtures. These recoveries were corrected 
for the presence of alkaloidal impurities in the stand- 
ards. One to two mg, of crystalline material was 
used for the assaj' of individual alkaloids. 

Results of chromatographic analysis by the pro- 
posed method are listed in Table I. Recoveries for 
the reserpine samples are based on direct compari- 
son with the standard solutions. Samples RO 
through RIO therefore contain as much pure reser- 
pine as the standard, while samples R1 through R5 
are contaminated with appreciable quantities of 
other alkaloids. 

For the detection of very small amounts (1-5%) 
of one alkaloid in a sample of another, 1-5 mg. of 
sample was used. Amounts up to 10 mg. of an in- 
dividual alkaloid can be analyzed for small amounts 
of the congeners if the concentration of the ad- 
jacently eluted congener does not exceed 3%; 
however, much larger volumes of eluent are required, 
and considerable trailing between zones occurs. In 
addition, when these larger amounts are used, the 
recovery of the main constituent is lowered. 

Two per cent rescinnamine was indicated in the 
deserpidine standard. Both deserpidine (1%) and 
rescinnamine (1%) were indicated in the reserpine 
standard. The reseinnamine standard contained 2% 
reserpine. 

Figure 1 shows the complete chromatographic 
separation of 1.5 mg. of a synthetic mixture contain- 
ing 33% deserpidine, 33% reserpine, and 34% res- 
cinnamine. With concentrations up to about 0.5 
mg. of each component of a mixture there is com- 
plete separation. With increasing concentrations 
of one or more of the components, larger volumes of 
eluent may be required, and considerable trailing 
of one fraction into an adjacently eluted fraction may 
occur. However, complete separation is obtained 
%vhen increasing concentrations of one component 
is accompanied bj- decreasing concentrations of the 
other component(s) (Samples 3 and 4). Some crys- 
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Table I. — Chromatographic Analysis of Individual Alkaloids and Mixtures 


implc 

Description 

— Deserpidine, % — s 
Declared 
or 

- — Reserpine, % 

Declared 

or 

— Rescinnamine, %• 
Declared 

imber 

Added 

Found 

Added 

Found 

Added 

Found 

1 

0.50 mg. Standard Deserpidine 

100 

98 




2.0 

2 

1.956 mg. Standard Reserpine 


0.85 

100 

96.0 


1.3 

3 

1.760 mg. Standard Rescinnamine 




2.2 

lo'o 

94.4 

4 

Synthetic mixture of 0.098 mg. De- 
serpidine and 2.7 mg. Reserpine 
4-0.095 mg. Rescinnamine 

4.14 

4.04 

oi.s 

90.0 

4.01 

3.9 

5 

Synthetic mixture of 0.098 mg. De- 
serpidine -1-0.122 mg. Reserpine 
4-1.65 mg. Rescinnamine 

5.24 

5.24 

6.52 

6.5 

88.0 

90.0 

6 

1.0 mg. Commercial mixture Ml 

25.0 

25.5 

24.6 

75.0 

73.0 

72.3 


2. 3 

7 

1.1 mg. Commercial mixture M2 

20.0 

20.2 

60.0 

59.8 

20.0 

19.6 

8 

2.0 mg. Commercial Reserpine R1 

0 

14.1 

100 

87.8 

0 

0.0 

9 

2.0 mg. Commercial Reserpine R2 

0 

3.7 

100 

92.6 

0 

0.0 

10 

2.5 mg. Commercial Reserpine R3 

0 

9.8 

100 

74.8 

0 

3.2 

11 

4.0 mg. Commercial Reserpine R4 

0 

5.7 

5.7 

100 

89.0 

90.5 

0 

l!l 

12 

5.1 mg. Commercial Reserpine R5 

0 

4.2 

100 

87.2 

0 

4.7 

13 

2.0 mg. Commercial Reserpine R6 

0 

1.2 

100 

95.7 

0 

0 

14 

2.0 mg. Commercial Reserpine R7 

0 

1.4 

100 

95.9 

0 

0 

15 

2.0 mg. Commercial Reserpine R8 

0 

0.6 

100 

96.1 

0 

0 

16 

2.0 mg. Commercial Reserpine R9 

0 

0.5 

100 

95.9 

0 


17 

2.0 mg. Commercial Reserpine RIO 

0 

1.0 

100 

95.7 

0 

6.8 

18 

2.0 mg. Commercial Deserpidine D1 

100 

95.1 

0 

2.7 

0 

0 

19 

2.0 mg. Commercial Deserpidine D2 

100 

89.0 

0 

7.1 

0 

0.8 

20 

2.0 mg. Commercial Deserpidine D3 

100 

93.8 

0 

3.8 

0 

0 



VOLUME OF ELUATE, ML. 

Fig. 1. — Chromatographic Separation of Deserpi- 
dine (A), Reserpine (B), and Rescinnamine (C). 


talline reserpine samples, containing 1 to 14% deser- 
pidine and 1 to 5% rescinnamine were analyzed in 
amounts up to 2 mg. with excellent results. 

The elution pattern of the alkaloids varies when 
the experimental conditions are altered. The use 
of a larger proportion of formamide and/or the 
omission of morpholine in the solvent system results 
in lower recoveries of the alkaloids. A larger pro- 
portion of chloroform results in earlier elution and 
poor separation of the alkaloids. Increase or de- 
crease in the amount of Celite alters the volumes of 
eluent required, the time of elution, and the resolu- 
tion of the alkaloids. An increase in flow-rate 
decreases the resolution and the time of elution. 

Under the given experimental conditions the vol- 
ume of eluent required and the position of each alka- 
loid in the elution pattern are reproducible within the 
optimum concentration ranges. llTien these condi- 


tions do not exist, it is necessary to track the chro- 
matogram by analysis of smaller cuts. 

Table II presents a comparison of results obtained 
for crystalline reserpines by column chromatography, 
by semi-quantitative paper chromatography (1, 2), 
and by the nitrite procedure (3). The excellent 


Table II. — Analysis of Crystalline Reserpine 
BY Various Methods 


r— % Reserpine Plus— ^ 


Sample 

— Deserpidine, %— 

Paper 

Pro- 

posed 

Method 

Rescini 

Nitrite® 

□amine 

Pro- 

posed 

Method 

R1 

Over 8% 

14.1 

85.0 

87.8 

R2 

About 4% 

3.7 

93.8 

92.6 

R3 

Over 8% 

9.8 

77.7 

78.0 

R4 

Over 4% 

5.7 

94.6 

91.6 

R5 

About 4% 

4.2 


91.9 

R6 

Less than 2% 

1.2 


95.7 

R7 

Less than 2% 

1.4 


95.9 

R8 

Less than 2% 

0.6 

98.8 

96.1 

R9 

Less than 2% 

0.5 

97.3 

95.9 

RIO 

Less than 2% 

1.0 

96.3 

96.5 


® This method does not diEFerentiate between reserpine 
and rescinnamine. 


agreement among these independent methods indi- 
cates that all of them are useful for the analysis of 
reserpine preparations. Investigations on the ap- 
plication of the proposed method to the analysis of 
Rauwolfia root extracts will be reported elsewhere. 


REFERENCES 
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(2) Carol, J., private communication. 
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Trichome Variability in Commercial Sages* 


By H. I. SILVERMAN and A. URDANG 


A quantitative ratio of the number of tri- 
chomes occurring in a definite weighed 
amount of dried sage leaf has been deter- 
mined. A mean has been calculated upon 
which further analyses of sage in foods can 
be based. Also, quantitative measurements 
of the basal cells of seven samples of sage 
have been tabulated. 

Tn a quantitative microanal 3 'ticaI study 
-•■recently undertaken (1), it was noted that the 
nonglandular uniseriate hairs of Dalmatian sage 
varied in number from lot to lot in samples 
studied. .Accordingly' several batches of Salvia 
officinalis Linn, occurring on the market were 
purcliased and microscopicalh' analyzed for 
niunber of trichomes per weight of dried leaf. 

It was thought that a permanent record (2) 
of the variation and number of trichomes per 
weight of dried leaf, or drug, would be valuable 
for microanalytical and/or quantitative plant 
work. 

Microscopically the leaf of Salvia officinalis 
Linn, is covered on both its upper and lower epi- 
dermis with nonglandular uniseriate hairs, one- 
to five-celled and generally curved. The end 
cell is attenuated and the basal cell thicker in its 
walls with a narrower lumen (Fig. 1). Upon 
comminution of sage leaves the hairs are broken 
up into varying lengths; however, the basal cells 
remain intact, probably due to the greater thick- 
ness and consequently increased strength of their 
walls as compared to the other trichome cells. 

After extended investigation it was found that 
these basal cells, in a ground sample, could be 
utilized for a counting procedure in which the 
number of trichomes per weight of comminuted 
leaf was determined. 

METHOD 

The samples were first identified by suitable 
macro and microscopical methods and their com- 
mercial designations verified. A representative 
sample of each of these purchased samples was then 
ground sufficiently fine to pass entirely through a 
number SO-mesh sieve and then treated as follows in 
order to aid the microscopist in his recognition of 
the basal cells during the counting procedure. 

The ground sage was treated with ether (at the 
boiling point) to remove interfering pigments, fats, 
and oils. -After removal of the ether, the sample 


* Received May 20, 1057, from Long Island University. 
Brootjyn College of Pharmacy, N. Y, 



was then stained with a 0,5% aqueous solution of 
Bismarck brown for five minutes. It was then 
washed with distilled water to remove e.\'cess stain 
and oven dried at 50° (not less than twelve hours) 
until a constant weight was obtained. The pow- 
dered dried sample was thoroughly mixed and a por- 
tion whose weight was usually between one-tenth 
and one milligram was removed and accurately 
weighed on a microchemical balance. After weigh- 
ing, the material was carefully transferred to a 
Incite plate measuring 6x5 cm. with a 4-cm. square 
etched net-like ruling of 1-mm. spaced lines (Fig. 
2). A few drops of a 2% sodium carboxymcthyl- 
cellulose* gel were placed on the plate, and mixed 
with the sample, and the plate was then covered 
with a suitable cover glass. Examination and 
counting of the basal colls observed was carried out 
in the usual manner using the etched lines of the 
Incite plate as an aid in scanning the sample covered 
area. 

A minimum of four separate portions were re- 
moved from each of the stained samples and counted. 

DATA 

Table I illustrates the weights taken of each 
sample, hairs counted, and hair indices (number of 

I CMC-70-D Iligb, Hercules Powder Co- 
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Table I, — Trichome Count of Sage Leaves 


Av. 

No. 

Sample Hairs/ 

No mg 


1 

mg 

0 

456 

0 

368 

0 

447 

0 

490 



Hairs 


349 


225 


271 


254 

625 


Index 


765 


611 


606 


518 


2 

mg. 

0 

461 

0 

466 

0 

265 

0 

378 



Hairs 


322 


313 


151 


189 

610 


Index 


698 


672 


570 


500 


3 

mg 

0 

549 

0 

483 

0 

612 

0 

928 



Hairs 


349 


298 


352 


528 

599 


Index 


636 


617 


575 


569 


4 

mg 

0 

489 

0 

662 

0 

529 

0 

841 



Hairs 


250 


296 


236 


370 

461 


Index 


511 


447 


446 


440 


5 

mg 

0 

569 

1 

026 

0 

709 

0 

937 



Hairs 


323 


463 


300 


346 

453 


Index 


568 


451 


423 


369 


6 

rag 

1 

252 

1 

113 

1 

041 

0 

739 



Hairs 


578 


476 


428 


270 

417 


Index 


462 


428 


411 


365 


7 

mg 

0 

186 

0 

427 

0 

537 

0 

766 

. 


Hairs 


71 


152 


191 


184 

334 


Index 


382 


356 


356 


240 



hairs per mg of dned leaf) and their averages 
Table II indicates some notable characteristics of 
each of the samples analyzed Quaht\ of drug Mas 
derived after determining volatile oil content, 
foreign organic matter, and filth contained in each 
lot (3, 4) Also m Table II are microscopical meas- 
urements (in microns) of the basal cells Each 
number represents an average of tMentj detennina- 
tions on as man\ trichomes 

DISCUSSION AND CONCLUSION 

As can be noted m Tables I and II, the poorer 
samples have a lower hair count when compared 
to choicer lots of drug If a new- lot of sage were 
ground and four samples taken, the mean hair 
count for these four samples would be 500 ± 
102 (5). If the count were 39S or low-er, or 602 
or higher, a 95% certaint}- w-ould then exist that 
the new lot differs from the above standard 
mean. 

Hair counts obtained b 3 - the manner described 
can be utilized in making percentage determi- 


Table II 


Sample 

No 

Quality 

Amount 

Purchased 

1 

Good 

2 lbs. 

2 

Good 

2 lbs 

3 

Good 

4 oz. 

4 

Good 

2 lbs 

5 

Poor 

1 lb. 

6 

Poor 

4 oz. 

7 

Poor 

2 lbs 


Entire or 
Powdered 

Basal Cell Dimensions, u 

Leaves 

tVidth 

Length 

Powdered 

11 4 

12 9 

Entire 

10 9 

13 2 

Powdered 

11 2 

14 0 

Entire 

11 1 

10 5 

Entire 

11 3 

13 3 

Entire 

11 0 

12 0 

Entire 

17 5 

21 0 



Fig. 2 — Lucite plate ruling. 


nations of sage leaf in various spiced foods, as will 
be shown in a subsequent paper, b}- simplj- ex- 
tracting the vegetable material and analyzing 
for hair content It is necessary, however, to 
take into consideration that a considerable varia- 
tion may occur from lot to lot due to fertility of 
soil, climate, length of growing season, etc The 
hair count thus obtained will indicate the content 
of sage leaf bj^ comparing w'ith suitable charts of 
hair count on pure samples of commerical sage 
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A Study of the Root of Morinda citrifolia Linne 1* 

By HEBER W. YOUNGKEN, Sr.f 

Morhida citrijolia Linne, a shrub or small tree of the Rtihiaceae family native to 
southern Asia, the Philippines, and islands of the South Pacific, possesses roots, ex- 
tracts of which have been stated to possess hypotensive and anticongestive proper- 
ties, but very scanty work has been recorded on their pharmacognosy. In this 
paper the physical characteristics, histology, and description of the powdered root 
are discussed. Among the diagnostic anatomical characteristics of this drug are 
the following: the presence of raphides of calcium oxalate in raphide sacs of the 
cortex and phloem; a banded secondary xylem; vessels with closely set, circular 
bordered pits; abundant starch-bearing wood parenchyma; vascular rays from I- to 
5-cells in width; stone cells in both cortex and phellem; starch grains, simple and 
2- to 3-compound. The presence of an endotrophic fungus with septated, branched 
hyphae was observed in all tissues of the roots obtained from Luzon. 


^ I ^ms STUDY WAS PROMPTED by the report in the 
literature by Dr. Dang ^’an Ho of A'iet Nam 
(1) who stated that the total extract of the root 
of Morinda citrijolia L. was effective in SI per cent 
of his 5S patients suffering from h}'pertension 
without having observed a single instance of 
intolerance and, also, that the drug was showm to 
possess anticongestive properties in the treatment 
of hemorrhoids, nasal congestion, and cerebral 
hemorrhage. 

Most of the prior investigations on this drug 
have been concerned with chemical constituents 
and microchemic tests and with the root bark 
and wood, the former having been used in India 
for many years as a source of a dj’e. In 1848, 
.Anderson (2) isolated from the root bark of M. 
citrijolia a crystalline substance possessing the 
formula CjsHjoOis and named it morindin. Later, 
Oesterle (3) isolated from this bark a substance, 
which he found to be trioxymethylanthraquinone 
monomethyl ether to which he ascribed the 
formula (CicHuOs). Oesterle and Tisza (4) iso- 
lated two other anthraquinone substances which 
they named morindadiol (CisHioOi), m. p. 244°; 
and soranjidiol (C15H10O4), m. p. 270°; and also 
a wax (CisH-sO) in white needles, m. p. 124.5°. 
In 1908, Tunmann (5) published a brief descrip- 
tion of the wood and root and, by means of micro- 
chemic tests, found morindin in the medullarj' 
rays, soranjidiol in the phloem parenchyma, and 
morindadiol in the sieve tubes. 

Since -1/. citrijolia roots have been imported for 
screening into the U. S. -A. and as there is a possi- 
bility of the drug being used here in the future, 
this investigation was undertaken in order to 
provide sufficient pharmacognostical character- 
ization for its identification. 

• Received May 3. 1937, from the Massachusetts College 
of Pharmacy, Boston 15, Mass 

Presented to the Scientific Section, A. Pit. A,, Xcw York 
meeting. May, 1957. 

t Research Professor of Pharmacognosy and Botany, Massa- 
chusetts College of Pharmacy 


MATERIALS AND METHODS 

The materials used in this study included certified 
herbarium specimens of leaf and flowering and leaf 
and fruiting branches of M. citrijolia L. Sources' 
of materials were as follows: one, with a portion of 
the root system attached, collected by Prayob 
Sinchermsiri in Bangkok, Thailand, in 1950 and 
furnished the writer by Dr. K. Savatabandahu of 
the Section of Systematic Botany of Bangkhen 
Experimental Station, Bangkok; another with 
roots and a photograph of the plant from which 
they were collected in Calcutta, India, from Dr. 
S. C. Datta of the Central Drugs Laboratory. 
Calcutta; nearly five pounds of roots of different 
thicknesses of il/. citrijolia L., donated by Riker 
Laboratories; a herbarium sheet of leaf and flower- 
ing branch and root, gathered by Dr. Ed. Quisumb- 
ing in the Philippines; and roots of M. citrijolia L., 
gathered in Luzon and certified by Dr. R. E. 
Woodson, Jr., Senior Taxonomist at the Missouri 
Botanical Garden. 

The herbarium materials were compared with 
a certified sheet of ill. citrijolia L. in the Harvard 
Herbarium, Cambridge, collected by E. H. Wilson 
at Kigo, Formosa, in 1918; and with the description 
of this species by J. Pitard in "LeCorate Flora 
Gcnerale Indo China” (6), and found to be authentic. 

All of the root materials were first examined or- 
ganoleptically. After recording their physical char- 
acteristics, samples of them were prepared for ex- 
amination by the usual pharmacognostic methods 
discussed by the writer in previous papers in Tins 
Journal. Sections were eut by the sliding micro- 
tome, and by freehand seetioning, and separately 
examined in temporary mounts in chloral solution, 
water, KOH solution, and other reagents discussed 
in this paper. The slender ends of roots were im- 
bedded in paraffin and sectioned on a rotary micro- 
tome. Numerous temporary mounts and stained 
permament mounts of transverse, radial longitu- 
dinal, and tangential longitudinal sections of root 
specimens were made and examined microscopically. 
Schulze’s maceration process was used in the tech- 
nique of separating the lignified elements for study. 
Numerous measurements of tissue elements were 
made and recorded. 


* To each of the suppliers of materials used in this study, the 
author extends his hearty appreciation. 
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The Plant. — Mon'itda citrifolia L., commonly 
known as Indian Mulberry and/or Bankoro, is a 
glabrous shrub or tree of the Rubiaccac, attaining 
a height of 3-10 M. It occurs in India, Indo-China, 
Malaya, Thailand, Phillippines, and Polj’nesia. 
From studies of herbarium specimens, the leaves are 
broadly elliptic to elliptic-obovate; 10-31 cm. in 
length; acute, acuminate, or obtuse, less often 
emarginate, at the summit; cuneiform at the base; 
the margin nearly entire or undulate; coriaceous in 
texture; the lamina with from 6 to 7 arcuate, as- 
cending nerves which alternate on each side of the 
midrib The petiole measures up to 12 mm. in 
length. The stipules are interpetiolar, suborbicu- 
lar, and 2- to 3-lobed at their summit. The stem 
branehes are quadrangular and johited. The in- 
florescence consists of solitary axillary capitula of 
ovate to spheroidal shape, bearing tubular white 
flowers. The flowers show a gamosepalous caljoc 
with a truncate limb; a 5-lobed, tubular white 
corolla; 5 stamens with short, hairy filaments; 
and a pistil with a 2-celled ovarj'. The fruit is a 
fleshy sorosis of greenish-white to white or yellow 
color; up to 4 cm. in length in the material ex-amined ; 
mamellate on the surface, and consists of many 
coalescent drupes. 



A 




Fig 2 — Moriiida cilrifoUa L. root — transverse 
sections of representative portions of outer (A) 
and central (B) regions. K — cork with stone cells 
(jt) occurring in outer, central and inner layers, 
C — phelloderra (secondarj^ cortex); rs — raphide 
sacs; P — phloem; Ca — cambium; X — secondary 
xylem; / — groups of wood fibers; i’ — vessels; r — 
vascular rays; wp — wood parenchyma; px — pri- 
mary X 3 dem; sx — secondar}' xj-lem. (Magnified) 


Fig. \.—Morinda citrifolia L. leaf and flowering 
branch of plant growing in India. To right, below, 
a segment of root of same. V: X 

Physical Characteristics of Root. — The roots 
e.xamined ranged from elongated conical roots with 
many thin rootlets toward the distal end to broader 
segments of thicker roots, the latter constituting 
most of the drug imported into this country. The 
commercial drug occurs in cylindrical to subcylin- 
drical segments, some being curved, 2-15 cm. in 
length and up to 5 cm. in width, occasionally up 
to 9 cm. in width at the crown. Externally it is 
reddish brown, pale j'ellow where abraded, marked 
b)' irregular longitudinal ivrinkles, some of the 
thicker pieces exhibiting transverse lenticels, cir- 


cular root scars and transverse fissures. Internally 
it shows a narrow purplish brown bark, a broad 
yellow wood, and hard texture. Its odor is in- 
distinct; its taste slightly sweet Upon boiling the 
root in water and filtering, a j’ellow filtrate is found 
On the addition of an alkaline solution to the filtrate, 
a reddish color develops, indicating antliraquinones. 

Histology of M. cilrifoUa L. root. — Transverse 
sections of the distal portion of the rootlet, less than 
O.S mm. in diameter, exhibited primary dicot 5 'l root 
structure with a triarch radial bundle In trans- 
verse sections 2-2.6 mm. in diameter, the epidermis 
and the primary cortex were in the process of 
exfoliation, and a phellem of 2 laj’ers of suberized 
walled cells had been formed by the phcllogen. 
Beneath this occurred a very' narrow phclioderm 





A Study of the Root of Morinda citrifolia Linne T 


By HEBER W. YOUNGKEN, Sr.f 


Morinda citrifolia Linne, a shrub or small tree of the Rnbiaceae family native to 
southern Asia, the Philippines, and islands of the South Pacific, possesses roots, ex- 
tracts of which have been stated to possess hypotensive and anticongestive proper- 
ties, but yery scanty work has been recorded on their pharmacognosy. In this 
paper the physical characteristics, histology, and description of the powdered root 
are discussed. Among the diagnostic anatomical characteristics of this drug are 
the following: the presence of raphides of calcium oxalate in raphide sacs of the 
cortex and phloem; a handed secondary xylem; vessels with closely set, circular 
bordered pits; abundant starch-bearing wood parenchyma; vascular rays from 1- to 
5-cells in width; stone cells in both cortex and phellem; starch grains, simple and 
2- to 3-compound. The presence of an endotrophic fungus with septated, branched 
hyphae was ohserv-ed in all tissues of the roots obtained from Luzon. 


' I *iiis STUDY \v.\s PROMPTED by the report in the 
literature by Dr. Dang \'an Ho of \'iet Nam 
( 1 ) who stated tliat the total extract of the root 
of Morinda citrifolia L. was effective in SI per cent 
of his SS patients suffering from h)'pertension 
without having observed a single instance of 
intolerance and, also, that the drug was shown to 
possess anticongestive properties in the treatment 
of hemorrhoids, nasal congestion, and cerebral 
hemorrhage. 

Most of the prior investigations on this drug 
have been concerned with chemical constituents 
and microchemic tests and with the root bark 
and wood, the former having been used in India 
for many years as a source of a dj'e. In 1848, 
-•Vnderson (2) isolated from the root bark of M. 
citrifolia a cry'stalline substance possessing the 
formula CisHsoOis and named it morindin. Later, 
Oesterle (3) isolated from this bark a substance, 
which he found to be trioxymethylanthraquinone 
monomethyl ether to which he ascribed the 
formula (CisHisOj). Oesterle and Tisza (4) iso- 
lated two other anthraquinone substances which 
they named morindadiol (CisHioOj), m. p. 244°; 
and soranjidiol (CijHioOj), m. p. 270°; and also 
a wax (CisH:sO) in white needles, m. p. 124.5°. 
In 1908, Tunmann (5) published a brief descrip- 
tion of the wood and root and, by means of micro- 
chemic tests, found morindin in the medullary' 
rays, soranjidiol in the phloem parenchyma, and 
morindadiol in the sieve tubes. 

Since citrifolia roots have been imported for 
screening into the U. S. A, and as there is a possi- 
bility of the drug being used here in the future, 
this investigation was undertaken in order to 
pro^•ide sufficient pharmacognostical character- 
ization for its identification. 

* Received May 3, 1937, from the Massachusetts College 
of Pharmacy, Boston lo, Mass. 

Presented to the Scientific Section, A. Pii. A., New Vork 
meeting. May. 1937. 

t Research Professor of Pharmacognosy and Botany, Massa- 
chusetts College of Pharmacy. 


MATERIALS AND METHODS 

The materials used in this study ineluded certified 
herbarium specimens of leaf and flowering and leaf 
and fruiting branches of if. citrifolia L. Sources* 
of materials were as follows : one, with a portion of 
the root system attached, collected bj' Prayob 
Sinchermsiri in Bangkok, Thailand, in 1950 and 
furnished the writer by Dr. K. Savatabandahu of 
the Section of Systematic Botany of Bangkhen 
Experimental Station, Bangkok; another with 
roots and a photograph of the plant from which 
they were collected in Calcutta, India, from Dr. 
S. C. Datta of the Central Drugs Laboratorj’, 
Calcutta; nearly five pounds of roots of different 
thicknesses of M. citrifolia L., donated by Riker 
Laboratories; a herbarium sheet of leaf and flower- 
ing branch and root, gathered by Dr. Ed. Quisumb- 
ing in the Philippines; and roots of M. citrifolia L., 
gathered in Luzon and certified by Dr. R. E. 
Woodson, Jr., Senior Taxonomist at the Missouri 
Botanical Garden. 

The herbarium materials were compared with 
a certified sheet of M. citrifolia L. in the Harvard 
Herbarium, Cambridge, collected by E. H. Wilson 
at Kigo, Formosa, in 1918; and with the description 
of this species by J. Pitard in “LeComte Flora 
Generale Indo China” (6), and found to be authentic. 

All of the root materials were first examined or- 
ganoleptically. After recording their physical char- 
acteristics, samples of them were prepared for e.x- 
amination by the usual pharmacognostic methods 
discussed by the writer in previous papers in Tins 
Journal. Sections were cut by the sliding micro- 
tome, and by freehand sectioning, and separately 
examined in temporary mounts in chloral solution, 
water, KOH solution, and other reagents discussed 
in this paper. The slender ends of roots were im- 
bedded in paraffin and sectioned on a rotary micro- 
tome. Numerous temporary mounts and stained 
permament mounts of transverse, radial longitu- 
dinal, and tangential longitudinal sections of root 
specimens were made and examined microscopically. 
Schulze’s maceration process was used in the tech- 
nique of separating the lignified elements for study. 
Numerous measurements of tissue elements were 
made and recorded. 


' To each of the suppliers of materials used in this study, the 
author extends his hearty appreciation. 
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The Plant . — Morinda citrifoUa L., coninionl3’ 
known as Indian Mulberry and/or Bankoro, is a 
glabrous shrub or tree of the Rnbiaccac, attaining 
a height of 3-10 M. It occurs in India, Indo-China, 
Malaj'a, Thailand, Phillippines, and PoljTiesia. 
From studies of herbarium specimens, the leaves are 
broadl}^ elliptic to elliptic-obovate ; 10-31 cm. in 
length; acute, acuminate, or obtuse, less often 
emarginate, at the summit; cuneiform at the base; 
the margin nearly entire or undulate; coriaceous in 
texture; the lamina with from 6 to 7 arcuate, as- 
cending nerves which alternate on each side of the 
midrib The petiole measures up to 12 mm. in 
length. The stipules are interpetiolar, suborbicu- 
lar, and 2- to 3-Iobed at their summit. The stem 
branches are quadrangular and jointed. The in- 
florescence consists of solitarj’ axillarj' capitula of 
ovate to spheroidal shape, bearing tubular white 
flowers. The flowers show a gamosepalous calj'X 
with a truncate limb; a 5-lobed, tubular white 
corolla; 5 stamens with short, hairy' filaments; 
and a pistil with a 2-celled ovarj'. The fruit is a 
fleshj' sorosis of greenish-white to white or yellow 
color ; up to 4 cm. in length in the material examined ; 
mamellate on the surface, and consists of many 
coalescent drupes. 





Fig 2. — Morindn citnfolia L. root — transverse 
sections of representative portions of outer (A) 
and central (B) regions. K- — cork with stone cells 
(jl) occurring in outer, central and inner laj’ers; 
C — phelloderm (secondary cortex); rs — raphide 
sacs; P — phloem; Ca — cambium; X — secondarj' 
xylem; / — groups of wood fibers; !' — vessels; r — 
vascular raj's; top — wood parenchj'ma; px — pri- 
marj' xj'lera; sx — secondary xj’lem. (Magnified) 


Fig. 1 . — Morinda citrifoUa L. leaf and flowering 
branch of plant growing in India. To right, below, 
a segment of root of same. Vs X 

Physical Characteristics of Root. — ^The roots 
examined ranged from elongated conical roots w'ith 
manj' thin rootlets toward the distal end to broader 
segments of thicker roots, the latter constituting 
most of the drug imported into this country'. The 
commercial drug occurs in cylindrical to subcy'lin- 
drical segments, some being curved, 2-15 cm. in 
length and up to 5 cm. in width, occasionally up 
to 9 cm. in width at the crown. Externally' it is 
reddish brou'n, pale yellow -where abraded, marked 
by' irregular longitudinal wrinkles, some of the 
thicker pieces exhibiting transverse lenticels, cir- 


cular root scars and transverse fissures. Internally' 
it shows a narrow purplish brown bark, a broad 
yellow wood, and hard texture. Its odor is in- 
distinct; its taste slightly' sweet. Upon boiling the 
root in water and filtering, a y'ellow filtrate is found. 
On the addition of an alkaline solution to the filtrate, 
a reddish color develops, indicating anthraquinones. 

Histology of M. citrifoUa L. root. — Transverse 
sections of the distal portion of the rootlet, less than 
0.8 mm. in diameter, exhibited primary' dicotyl root 
structure ivith a triarch radial bundle. In trans- 
verse sections 2-2.6 mm. in diameter, the epidermis 
and the primary cortex were in the process of 
exfoliation, and a phellem of 2 layers of suberized 
walled cells had been formed by' the phellogen. 
Beneath this occurred a x'ery' narrow phelloderm 
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(secondary cortex); a narrow phloem, devoid of 
lignified elements; a cambium and a narrow zone 
of secondary xylem; and a relatively broad, central 
priman.- xylem occupying about four-fifths the di- 
ameter of the rootlet. In a cross section 13 mm. in 
diameter, the bark occupied 2.5 mm.; the wood, 
1 1 5 mm. The cork zone here was up to IS layers of 
cells deep. The cells were rectangular to square, in 
regular radial arrangement, and with suberized walls. 
The cork cells were from 10^ to CG/i in length and 
from 11a to 20a in depth. Some of the layers 
showed ovate to oblong stone cells with nearly uni- 
formly thickened lignified walls having distinct pore 
canals. They occurred in the outer, middle, and 
inner cork zones and frequently extended a consid- 
erable length through the layers, but isolated ones 
also occurred. All of the sections of thicker roots up 
to 5 cm. possessed this stone cork Raphide sacs 
were numerous, scattered throughout the phloem 
and cortex The phloem was traversed by phloem 
rays usually up to 3 cells wide, but occasionally up 
to 4, rarely 5, cells wide. The phloem ray cells took 
on a deep red color with KOH solution. The 
secondary xylem consisted of numerous wood wedges 
separated by xylem rays of straight to curved char- 
acter whose cells walls were pitted and whose con- 
tents consisted of starch and anthraquinones. The 
vessels were mostly isolated in the tvedges, but also 
occurred in groups of 2 to 4; usually arranged 
radially. .4 number of them exhibited tylosis. In 
the Luzon roots, many were plugged with fungal 
hyphac and gummy lignin. A large primary .xylem 
in the center of the section showed pitted wood par- 
enchyma in which vessels, mostly isolated, were 
scattered The secondary xylem was invariablj' 
banded in this, as well as in broader sections of 
older root parts. The bands consisted of groups of 
wood fibers with lignified walls arranged in concen- 
tric circles between which occurred wood paren- 
chyma through which vessels and tracheids coursed. 
In radial longitudinal and tangential longitudinal 
scctitjiis the raphide sacs, up to 120 long and up to 
3S wide, were arranged singly and in vertical rows 
in the cortex and phloem. They were filled with 
aeieular crystals of calcium oxalate, the latter up to 
ISO II in length. In tangential sections, the sieve 
tubes showed laterally placed sieve plates. The 
xylem rays were mostly 1- to 3-cells wide, occasion- 
ally 1- to 4-cells wide. The vessels possessed closely 
set bordered pits and oblique ends with large cir- 
cular openings in the perforation plates. They 
measured up to 418 n in length and up to 152 fi, very 
rarely up to 200 ft, in width. The tracheids were 
mostly shorter, but like the vessels possessed closely 
set, bordered pits. Those measured were up to 240 
II in length and up to 102 li in width. The wood 
parenchyma was abundant, its cells being up to 
102 II in length and 42 it in width. It contained 
starch grains and anthraquinones. The wood 
fibers were straight to curved, some of them showed 
irregular lobes or teeth toward one or both ends. 
They were nonseptate. Their ends were mostly 
pointed and their walls lignified, showing oblique 
pits. These fibers were up to 1380 it in length and 
up to 38 It in width. 

Sections of the roots from Luzon showed the 
pre.'-ence of branehed, septated hyphae of an endo- 
trophic fungus whieh had penetrated into cells of all 
of the tissues, even (Kcurring within the lumina of 


vessels, tracheids, and wood fibers. The fungus was 
probably mycorrhizal in origin. 

Powdered M. citrifolia Root. — This was brown 
to reddish — or purplish brown — and possessed a 
slightly sweet taste. Under the microscope it 
showed: numerous fragments of wood fibers crossed 
by cells of xylem rays — the fibers with irregularly 
thickened, lignified walls and with narrow to broad 
lumina; numerous starch grains — single to 2- to 
3-compound, the individual grains spheroidal, 
plano-convex, angular convex, pyriform and ovoid, 
the larger grains with a distinct centric hiluni, the 
grains up to 26 it iu diameter and showing in the 
larger grains polarization crosses wdien examined 
under polarized light; scattered fragments of vessels 
and tracheids with closely set circular bordered pits; 
fragments of vascular rays rvith pitted walls; 
scattered fragments of cork whose cells arc poly- 
gonal to rectangular with suberized walls; scattered 
cork stone cells with nearly' uniformly thickened, 
lignified walls; numerous aeieular crystals of cal- 
cium oxalate; and many fragments of elongate 
starch-bearing wood parenchyma. When mounted 
in 2% KOH solution, the tissue fragments took on a 
pink to red color, due to the solution of antlira- 
quinoncs within the parenchyma cells and rays flow- 
ing out into the mount. 

Work is in progress on a second paper in which the 
results of chemical and pharmacologictil studies on 
this root will be reported. 



Fig. 3. — Histological elements occurring in longi- 
tudinal sections and in powdered Morinda citrifolia 
L. root. / — ends of wood fibers; v — vessel with 
closely set bordered pits; r — vascular ray of phlwin 
region with adjacent tissues as seen in longitudinal 
tangential section; p — phloem parenchyma; it 
sieve tube; cc — companion cell; rs — raphide Stic 
with aeieular crystals of calcium oxalate; cr 
aeieular crystals; p — starch parenchyma; K — cork; 
St — stone cells from cork region; tr — tracheids with 
bordered pits; a — starch grains (magnified). 
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SUMMARY 

1 A brief history is given of tiie drug and its 
new clinical use in Viet Nam as a hypotensive and 
anticongestant. 

2 A description is given of the plant materials 
and methods used in this study of the root of 
Morinda ciinfoha which came from Thailand, 
India, and the Philippines 

3 A description is given of Morinda citrifoha L 
based mostly on herbarium materials used by the 
author 

4 The physical characteristics of the root and 
the commercial drug are described 

6 The histology of the root of M citrifolia is 
discussed Among the microscopical features are 
the occurrence of stone cells in the cork, the absence 
of lignified elements in the cortex and phloem, a 


banded xylem composed of concentrically arranged 
groups of wood fibers, the sieve plates on the lateral 
walls of the sieve tubes, and vessels and tracheids 
with closely set circular bordered pits on their walls 
6. The occurrence of anthraquinones in the par- 
enchyma and vascular rays as reported by Tunmann 
(4) is verified. 

7 The powered root of M citrifoha is described 
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Modification of Rates of Gastrointestinal Absorption 

of Drugs I. Amines* 

By CHESTER J. CAVALLITO and ROSEMARY JEWELL 

Tannates of several therapeutic amines have been prepared and shown to be repro- 
ducible compositions containing one part of amine for each galloylgallic acid moiety 
of tannic acid. Dialysis experiments were conducted to determine the influence of 
a number of factors on the rate of release of diffusible amine from the relatively in- 
soluble complex. In the presence of aqueous solutions of electrolytes amines are 
slowly released from their tannates and the rate increases with the [H"*"]. Poly- 
galacturonic acid can reduce the rate of release of free amine from the tannate, par- 
ticularly at lower pH. The application of these principles to the preparation of oral 
repository forms of therapeutic amines is discussed. 


A LMOST ANY THERAPEUTICALLY active COm- 
pound has some period of action during 
which there exists the optimum condition of 
desired response with least embarrassment of 
undesirable syrmptoms possible for that partic- 
ular drug. If it w'ere possible to pro\dde a drug 
in such form that its rates of absorption and loss 
were suitably balanced to a more sustained level 
of optimum action, material improvement in ther- 
apy ivould result. The goal of much of the 
effort expended in the search for new' drugs has 
been to find compounds w'hich more effectively 
possess this characteristic. While success of 
such efforts at improvement is underscored by the 
rapid rate of obsolescence of products in the phar- 
maceutical industry, it is recognized that many 
of the older drugs for wdiich no adequate replace- 
ment has been found and some of the new'cr ones 

* ReceiNcd June 29, 1957 from The Research Laboratories, 
Irwin, Neisler & Co , Decatur, III 


would perform more satisfactorily if it were pos- 
sible only to extend their period of optimum re- 
sponse. In the last several years a number of 
new' approaches to this problem has been evident 
in the area of oral therapy. Although the oral 
route of administration is by far the most con- 
venient, it is also the most difficult to control 
because of the variations in gastrointestinal 
environment among different individuals, with 
the same individual at different times and 
in different portions of the gastrointestinal tract. 

Many medicinal agents are organic amines or 
their salts. If one desires a long response, the 
dosage of amine required is usually so high that 
for some period of time undesirable syniiptoms of 
over-dosage may result. Among parenteral 
preparations, the use of salts or complexes of low- 
solubility has made possible more unifonu and 
prolonged responses to medication. During the 
past few y-ears, several oral preparations have 
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been introduced which utilize relatnch insoluble 
fonns of a dru" under conditions u Inch also pro 
\ ide more uniform and prolonged responses In 
our laboratories the complexing agent which has 
been found to be particularh useful for amines is 
tannic acid The faiorable results which ha\e 
been obtained chnicalh (I) with the use of am 
phetainine tannate' in proiiding oral repositon 
ainiihetainine has led to the preparation and 
studi of other amine tannates 

Tannates of main organic bases are of low 
aqueous solubiliU but in the gastrointestinal 
tract thei will release the base for absorption 
Although the release is not contingent upon an\ 
specific pH the rate is greater in en\ ironments 
of low pll than under neutral orshghth alkaline 
conditions Some practical unphcations of this 
are discussed later 

Tannates of a Nariet\ of t^pcs of annne thera 
peutic agents hav c been made m these laboratories 
from tannic acid X T (2) A surprising char 
acteristic of such preparations has been their rcla 
tne uniforiniti of composition Gallotannicacid 
ma\ be idealized strucluralh as the pentadigal 
late ester of glucose, although the N F prepara 
turn is undoubtedh a mixture of closel} related 
depsidc glucosidcs In the tannate complexes 
the resulting products hai e a ratio of one amine 
for each digalK 1 inoieti of the tannic acid 

Since the purpose of preparing oral reposi 
tort fonns of drugs is to prot idc, usualh in the 
luunan a longer period of optimmn response, 
the ctaluation of ultimate significance depends 
upon the perfonnance of the preparation in prac- 
tice Recenth there hate been set oral reports 
describing in ii/ro procedures for measuring rela 
tite rates of release of amines from complexes 
tt itli anionic pol}'mcrs (3,4) Such studies of the 
properties of these products may be of some value 
m gaming further understanding of their action 
and in protiding approaches for improt ements, 
but It is appreciated that release rate measure- 
ments obtained from arbitrary in vitro experi- 
ments can be onlt suggestuc of behavior in 
humans 

EXPERIMENTAL 

Preparation of Amine Tannates — The prcp-ira 
titc proccdurcb tart shghtb with the soliibilut of 
tilt amine, but a con\ cnitnt metliod was found to be 
tilt follow iiig The amine base w.is dissobcd in i 
smdl tohitne of an ilcohol (mtthjl, etlnl or proptl 
alcohols) and for each molar equnalent of base 
there was added 374 Gm of tannic icid XE in t 
solution of tht alcohol This rtprtsents a 10' i 
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excess of one fifth the molecular weight (1701) 
of peiitadigallt 1 glucose, C-sHsiOjs The naxtiin. 
wais diluted with an excess of ice water to compictc 
precipitation of the tannate The resulting prctipi 
tate was filtered off, washed thoroughh witli ict 
water, and dried m a t acuum ot eii to t icld aw amor 
phous solid t art mg from ncarlt w lute to t cllow m 
color 

The free amine base mat be used or mat bt 
liberated bt addition of the calculated quantitt of 
soduitn or potassium ht drotidc to alcohol or aqiic 
ous alcohol solution of the amine salt Phcii 
etlij lamincs, such as aiiiphetainiiie, form t iniiatcs 
winch are quite soluble m inetlmnol and which 
arc prepared m concentrated solution prior to dilu 
tion with ice water Alkaloids, such as atropmc 
and morphine, on the other hand, form less soluble 
tannates m alcohol which precipitate when prepared 
in concentrated solutions, although iiicomplctch 
without dilution with water Antiliistaimnics of 
the dimethj lammoalk} lp> ndme type react quite 
cleanh , jiresiiinabh w ith the more basic ainino group 
to form monobasic complexes \\hth the less sol 
iible tannates, such as those of morphine, codeine, 
atropine, etc, a nearlj quantitative recover} of 
base is obtained 


Table I — Composition or Tannaips 

% Bnsic N m Compositions 



T mmte, 

Cnlc d for Compositions 
Base Tnnnic Acid Rutuis 

Base 

found 

4 i 

'> 1 

6 1 

\inphctamiiie 

2 8 

2 DO 

2 95 

) 35 

Morphine 

2 21 

1 97 

2 24 

2 4() 

Atropine 

2 ID 

1 90 

2 22 

3 45 

Propheiipj rid 
amme 

4 74 

4 21 

4 82 

5 31 


The thcr.ipeutic base content of the tmiiatc com 
plex was dctcnniiicd b} titration of tlic product iii 
glacial acetic acid w ith stand ird perchloric icici solu 
tioii The basic nitrogen contents of reprcsciita 
tivc tjpes of amine tannates arc shown ui Tabic I 
There also arc shown the theoretical basic nitrogen 
contents ot ratios of 4, 5 and 0 to 1, respcctivch, of 
base to taiimc acid (assumed CkHj^Ovc) It is seen 
that the 5 to 1 ratio best represents the composi- 
tions 

The 5 to 1 ratio of amine to tanmc acid appears 
to provide the least soluble composition Frepiri- 
lions formed in which the aiiime ratios were sm filer 
than this >icldcd more water-soluble products 

Release of Amines from Tannates — 1 be general 
procedure used for measuring relc.isc of amme from 
Its insoluble tannate was as follows A weighed 
amount of fine!}' powdered amine tannate (or other 
salt for comparison) equivalent to 50 mg of amme 
base was added to 100 ml of tlie aqueous test 
inediiim in a Tvpe SS \ isking tubing- (presoiked in 
water for thirtv minutes) which hid been tied at 
one end to form an open s ic I’/s inches in di iiiieter, 
0 inches long This was immersed in 225 ml of 
aqueous test medium coiit lined m a 40(1 ml he iker 


•Seamless rtKcncr^»le<l ccHuJosc fliiljsis tubiru ivtnre 
jKirt raduis J I A® \ iskiii^ Corporati in CIiict^o III 
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so that the liquid levels of the beaker and the sac 
contents were the same. The contents were stirred 
vigorously and continuously. Exploratory experi- 
ments were first carried out both with the beaker 
contents undergoing continuous replacement with 
fresh aqueous test medium (rate of 50 to 100 ml. per 
minute) and with the original solution retained for 
establishment of an equilibrium. At regular inter- 
vals, a 5-ml. sample was withdrawn from the dial3'- 
sate or sac contents for analj’sis to determine the 
extent of dialysis of water-solubilized amine. Pro- 
phenpj'ridamine maleate was used to determine the 
difference in diffusion 63' these two procedures. 
After 1, 2, 3, 4 and 6 hours' dial3'sis, the amounts of 
amine dial3^zed with continuous replacement of 
dial3'sate were approximately 15% greater than in e.x- 
periments with dialysate unchanged. , Because of 
ease of manipulation, and since the data are pri- 
marib’ of comparative value, the procedure was 
selected in which the diab'sate was not replaced. 

The results obtained from the dialysis experiments 
are listed in Table II. The ease of quantitative 


with morphine in which the quantitative assax' pro- 
cedure was as follows. A 5-ml. aliquot was trans- 
ferred to a small separator3' funnel to which was 
added 2 ml. of 5% aqueous sodium bicarbonate solu- 
tion. The procedure previousb' described for pro- 
phenp3Tidamine was then followed excepting that 
instead of chloroform, a 4 to 1 (b3' volume) chloro- 
form-n-butyl alcohol mixture was used. The absorb- 
ance was read at 285 m/i within a preferred con- 
centration range of 2-10 mg. per 100 ml. 

Among the factors considered as possibb’ influenc- 
ing release of an amine from its tannate complex 
were pH and electrob’tes. Potassium phosphate 
buffers (0.01 molar) of pH 3 to 9 were used. The 
rate of diffusion of prophenp3'ridamine as its ma- 
leate salt was found to be essentialb’ the same in dis- 
tilled water as in the buffers. Prophenp3Tidamine 
tannate suspended in distilled water showed ver3' 
little release of amine from solution and diab’sis. 
The buffer electrob’tes had an appreciable solubiliz- 
ing effect which increased with lower pH values. 
Experiments were conducted at 25°; a few run at 


Table II. — Dialysis of Amines 


% Dialyzed of Equilibrium Dis- 
tribution** 


Compound 

Medium 

Retardant 


E 

2 

[ours 

3 

Dialysed— 
4 6 

12 

24 

Prophenp3'ridamine Maleate 

Water*’ 


24 

33 

45 

55 

68 



Prophenpyridamine Tannate 

Water 



<1 


9 

14 



Prophenpyridamine Tannate 

Buffer, pH 3 


19 

28 

37 

49 

64 


95 

Prophenpyridamine Tannate 

Buffer, pH 5 


12 

16 

21 

30 

47 

65 

81 

Prophenp3’ridamine Tannate 

Buffer, pH 7 


8 

10 

14 

18 

23 

35 

51 

Prophenpyridamine Tannate 

Buffer, pH 9 


<1 

7 

9 

13 

19 

30 

49 

Prophenpyridamine Tannate 

Buffer, pH 3 

Polygalacturonic Acid 

12 

19 

22 

31 

41 

51 

73 

Prophenpyridamine Tannate 

Buffer pH 5 

Polygalacturonic Acid 

8 

15 

18 

24 

32 

45 

62 

Prophenpyridamine Tannate 

Buffer, pH 7 

Polygalacturonic Acid 


12 

15 

19 

26 

36 

47 

Prophenpyridamine Tannate 

Buffer, pH 9 

Polygalacturonic Acid 

<1 

9 

13 

18 

23 

31 

40 

Prophenpyridamine Maleate 

Buffer, pH 3 

Polygalacturonic Acid 

20 

29 

37 

46 

56 



Tannic Acid“ 

Buffers pH 


7 

13 

19 

26 

37 



Morphine Sulfate 

Buffers pH 


24 

36 

45 

54 

67 


100 

Morphine Tannate 

Buffer, pH 3 


16 

27 

38 

44 

58 

80 

90 

Morphine Tannate 

Buffer, pH 7 


9 

19 

24 

30 

43 

62 

V / 


a Per cent in dialysate of that concentration of amine which would be present if all of that placed in the dialysis sac had 
become equally distributed throughout the total 325 ml. of fluid. 

6 Distilled water; 0.01 molar potassium phosphate buffers of pH 3 to 9 have no significant influence on these results. 
c Tannic acid diffusion; no ami . 


analysis led to the use of the antihistaminic agent, 
prophenpyridamine, in exploring the influence of 
several variables on availability of drug from tan- 
nate complex under the in vitro conditions. The 5- 
ml. aliquot removed for assa3’ was transferred to a 
small separatory funnel to which was added 1 ml. of 
2% aqueous sodium hydroxide solution. This solu- 
tion was extracted three times, each with 5 ml. of 
chloroform. The filtered, combined chloroform 
extracts were shaken out with 5 ml. of 0.05 N aque- 
ous HCl. The absorbance (with suitable dilu- 
tion, if necessar3% to 1-5 mg. per 100 ml.) was meas- 
ured at 260 mM and the concentration determined 
from a standard curve prepared for prophenpyrida- 
mine. 

A few comparative experiments were carried out 


38° showed onb' a slight increase in rate of amine 
release. 

Tannic acid itself can diffuse through the Visking 
membrane. Its rate of diffusion, however, is appre- 
ciabb’ slower than that of the dissolved amine. 
After solution in an electrob’te medium, the tannate 
molecule would not be expected to offer much hin- 
drance to escape of the amine. In practice it has 
been found advantageous to include pectic or pob’- 
galacturonic’ acids in oral compositions containing 
amine tannates. This pob’anionic natural pob’mer 
provides an additional means for influencing the 
rate of release of free amine. (Mechanical as well 
as ph3-sical-chemical influences probabb’ pla3- a 
part.) The pob’galacturonic acid was found to be 

* Exchange Lemon Products Company, Corona, Calif. 
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Pig 1 ProphenpMidamine Tannate Influence 
of pH Per cent diaUsed of that concentration of 
pniplicnpi ndamine which would be present in the 
dull site if all of the prophenpj ridaminc tannate 
plicid in the dnhsis sac had become equallj dis- 
tributed 



I ig J — Prophenpi ndamme Tannate -f Pol\- 
g il icturo.aic Acid Influence of pH Per cent 
dnh'cd of that concentration of prophcnpiridaniine 
which would be present in the dialisitc if all of the 
prophenpindamine tannate placed in the dialasis 
-ac h id be-coine equalK dl^t^lbuted 


ncarh free of matenal diffusible through the nicni 
brane Controls were run with the poll gal ictii 
ronic acid and a correction made for its U \ absoiq) 
tioii The influence of a 1% suspension on amine 
diffusion was measured after adjusting the siispcn 
Sion to several pH values with 0 1 N HCl or XaOH 
A significant retardant action is cvndcnt at pH 3 and 
5 with practicalh no effect at 7 and 9 The poli- 
galacturonic acid is thus a more effcctiv'c retard iiit 
of the amine at lower pH vmltics, tannates arc in 
herenth less soluble in neutral or slighth alkaline 
environments 

A soluble morphine salt w as show n to have abinit 
the same rate of diffusion as the soluble antiliista 
mime The influence of pH on morphine tannate was 
analogous to that show n b\ the prophenpj ridaminc 
tannate 


DISCUSSION 

It has been w ell know n for inaiiv j cars that alka- 
loids form water-insoluble precipitates with tanmns 
There have been rclativclj few investigations of these 
compositions and these usuallj with rather crude 
preparations The tannates derived from therapeii 
tic amines and tannic acid N F have shown siir 
prisinglj' uniform compositions Rccciith, tlici 
have been applied in the preparation of oral reposi 
torv forms of thcrapculic amines Although null 
vidual tannates varv considerabh iii solubilitj, 
amines of therapeutic interest gcncrallj are sufTi 
cicntlj large that their tannates are rclativch insol- 
uble in water It has been shown that the prcstiiccof 
clectroljtcs and lowering of pH increases the rate of 
release of amine from tannate Addition of poli- 
galacturonic acid to the media can reduce appreci 
ablj’ the rate of dialj’scs of amine, particularlj’ in 
environments of lower pH in which the tannates 
would usiialh be more soluble An increase in 
IH'*'] would increase the concentration of car- 
bo\j 1 groups III the polj cnrbovj he retardant w Inch 
would be available for salt formation and bonding 
with the amine In practice, poij'galacturonic acid 
IS used concomitantlj with the tannate to help 
provide the rate of initial release of amine found to 
be indicated b\ responses in humans With the 
tannates, all components iiltimatelj become individ 
uallv dissolved and the therapeutic aiiimc becomes 
totalh available 

Svmpathomimetic amines bound to insoluble cit 
ionic cvcliange resins (5, C) also have been used as or il 
rcpositon preparations The mechanism of bond- 
ing of amines to insoluble cation c\change resins is 
apparentlj complev (7) and other variables are 
involved in addition to some of those influeiiciiig 
rate of release of amines from tannates 
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Modification of Rates of Gastrointestinal Absorption 
of Drugs II. Quaternary Ammonium Salts* 


By CHESTER J. CAVALLITO and THOMAS B. O’DELL 

From physical-chemical and physiological bases, several factors had been rational- 
ized as possibly influencing oral absorption of quaternaries. These originally were 
evaluated in animals and later with in vitro studies. It has been found that in animals, 
lowering of intestinal pH, the administration of certain sterol acids or the addition 
of biologically inactive quaternaries all improve the oral responses to a quaternary 
hypotensive agent. In vitro studies have supported suggested explanations for some 
of these effects. Practical applications are currently under evaluation. 


Tn the preceding article (1) there were dis- 

cussed approaches to the control of rates of 
oral absorption of therapeutic amines in which 
the problem was to prevent too rapid initial 
absorption and to prolong the period of time dur- 
ing which drug action would be maintained. 
With quaternary ammonium salts, a significant 
and often limiting factor in oral therapy is their 
irregular and usually poor absorption from the 
gastrointestinal tract. Several techniques have 
been developed in our laboratories which, based 
on evidence from physical measurements and 
biological responses, result in improvement in 
oral effectiveness of quaternaries. 

During the past several years, many types of 
diquaternary ammonium salts have been tested 
in animals in these laboratories for not only their 
biological activities by parenteral routes but also 
for their relative oral effectiveness. Ratios of 
oral to intravenous equipotent doses have been 
determined in animals and occasionally in the 
human. The variations have ranged from about 
10 to 1 to several hundred times to 1 ratios be- 
tween oral and intravenous effective doses. 
That these ratios are usually high has been well 
recognized. It is generally assumed that tlie 
ionized character of quaternaries renders many 
living membranes difficultly permeable to them. 
Presumably, anionic groups present in these 
membranes retain the cations by electrostatic 
bonding and displacement is slow by an ion 
exchange mechanism. Ruth Levine and co- 
workers (2), in an investigation of absorption and 
excretion rates of quaternaries in animals, have 
suggested a plausible hypothesis that mucins of 
the gastrointestinal tract act as barriers to quater- 
nary absorption by formation of stable complexes. 
Irrespective of the exact location of the chemical 
structures barring quaternary absorption from 
the gut, tliere are several possible mechanisms for 

* Received June 29, 1957 from The Re‘;earch Laboratories, 
Irwm, Neisler & Co , Decatur, 111 

The authors are indebted to Mrs Martha D Napoli and 
Mrs Rosemary Jewell for technical assistance and to Dr A 
P. Gray for some of the chemicals. 


circumventing adsorption and facilitating absorp- 
tion. 

The quaternaries used in these studies uere 
two uns 3 Tnmetric bisquaternaiy^ hj^potensive 
agents, IN 292 (3a,b) and IN 391 (4a, b), uhich 
showed about 20 to 1 ratios between oral and 
intravenous effective dosages in humans (5) and 
in dogs Anj'tliing useful in increasing perme- 
ability of the gut to quaternaries must be phy- 
siologically innocuous One of the classes of 
compounds considered w as that of the bile acids. 


[ J N— (CHOiNCCHsh 

IN 292 


0 — CHsCHj— 

1 

CHs 

IN 391 




CHs 


N+(CH.h— N— CHj 


These are known to influence oral absorption of 
a number of substances. It was rationalized 
that, in solution, a salt complex formed between 
a diquaternar}' and a bile acid might be less 
readily subject to ion exchange and fixation of 
quaternary at anionic receptors in the intestinal 
wall. Experiments in animals demonstrated a 
significant favorable influence of cholic acid, for 
example, on oral effectiveness of IN 292. This 
was confirmed in humans (5) in which 150 to 200 
mg of cholic acid doubled the oral effectiveness 
of similar quantities of IN 292. The limitation 
in practice was that the bile acids w'ould produce 
a laxative effect which w'as not ahvays desirable. 

The next approach was rationalized as follows. 
The relative affinities of quaternaries for adsorp- 
tion at sites of loss in the intestine probably are 
unrelated to the activities of those quaternaries 


169 



170 


Journal of the American Pharmaceutical Association \'o1. XLJ'II, Xo. 3 


as lu'potcnsive agents. It might, therefore, be 
possible to administer, togetlier inth tlie In-po- 
tensive agent, a qiiateman.' whicli ivas physio- 
logically inert but which could elTcctively compete 
at sites of loss in the gut, tliereby resulting in 
greater availability for absorption of free unad- 
sorbed tlierapcutic quatemar},' Since the Inq^o- 
Icnsivc agents were compounds of tvpe 

Q> X— CIbCH,CH..X(CH3h 

in which Q is a large group, an ideal potentiator 
might be a salt of the simple compound 

(CHjIjX— CH i:CHtCH;X(CH,)3 
IX 414 

which biologically is relatively inert Experi- 
ments in animals and humans showed that tliis 
diquaternaiy was appreciably effective in improv- 
ing responses to oral medication with IN 292 or 
IN 391 Concomitant intravenous administra- 
tion in animals of IN 414 with the hypotensive 
agents showed no significant potentiation by this 
route The mechanism appears to involve poten- 
tiation by competition in tlie gastrointestinal 
tract at sites of loss of the active quaternaries. 

In addition to IN 414, several otlier closely' 
related, biologically relatively inert, diquater- 
naries were tested for their abilit)' to potentiate 
m dogs the response to “orally” administered IN 
391 The corresponding C: and C 4 homologs 
also were eflectivc, but less so than the C 3 deriva- 
tive, IN 414 The bis-tncthylammonium analog 
of IN 414 similarl)' was not quite as eficctive al- 
though it did potentiate 

Still another variable considered was that of 
pH and its influence on relative bonding affinities 
of quaternaries for polyanionic receptors. It 
was found that with increasing hydrogen ion 
concentrations, appreciably less fixation of qua- 
ternary at polyanionic receptors was evident. 


Oral effectiveness of IN 391 in dogs was found to 
be significantly increased by increasing tlie acid- 
ity of contents of loops of intestine. 

In tlie experimental section tliere arc dis- 
cussed data whicli support the preceding conclu- 
sions and permit speculations as to implications 
of tliese studies. 

EXPERIMENTAL 

In vitro Diffusion Measurements. — The general 
procedure employed in measuring rates of diffusion 
of quaternarj' ammonium compound was essentially 
the same as that described in the preceding article 
(1 ). The quaternarj' used was IN 391 which showed 
sharp U.V. absorption maxima at X255 m/i and 2SS 
m/i. Optical densitj'-concentration standard curves 
for the compound permitted accurate determina- 
tions of quantities of the order of 2 to 5 mg. per 100 
ml. At regular intervals, aliquots were taken of the 
dialj’satc and the IN 391 cation content was deter- 
mined directlj' or after suitable dilution with water. 
The chloride salt of the quaternary was used through- 
out; several of the experiments wliich were repeated 
with bromide salt gave the same results. These 
salts in distilled water gave solutions of pH 0.0. 

The data obtained are summarized in Table 1. 
All experiments were conducted at least in duplicate. 
To 100 ml. of the solvent medium in the diaij'sis sac 
there was added 00 mg. of IN 391 chloride (50 mg. of 
IN 391 cation). The same soh'ent medium (225 
ml ) less drug was added to the beaker on the out- 
side of the sac (diah'sate). At the time intervals 
indicated, 5-ral. aliquots were removed from the 
dialj'sate for analysis. Among tlie variables con- 
sidered as possibly influencing diffusion of quater- 
naries tlirough tlic inert, semipermeable membrane 
were pH and presence of electrolytes. The quater- 
narj' was cquallj' distributed within and outside of 
the diah’sis sac in about sLx Iiours with water as the 
solvent medium. The use of 0.01 M NaCl solution 
significantlj’ reduced the rate of diffusion of the 
quaternary as did also 0.01 M potassium phospliatc 
buffer. The greater retarding influence of the plios- 
phate buffer than of sodium chloride is probably 
related to the greater concentration of ions in this 
buffer solution. Variations in pH between 4 and 8 
had no influence on diffusion rate. 


Table I. — -IN' 391 Diffusio.n 


% Dialyzed of Equi-distrilici- 
tion Concii " 








— Hours Dialyzed— — 

— . 

Soh ent 

Mcdiiini Retardant 

IN^tcntmtor 

pH 

1 

2 

a 

4 

5 

n 

W.itcr 



G 

41 

58 


88 

95 

98 

0 01 .1/ XaCI 



0 

29 


hi) 

08 

79 

82 

0 01 .V K Pliosiilmte bufTer 


4-8 

2;j 

.37 

45 

57 

01 

70 

Water 

Mucin 


4 

17 


42 

52 

55 

01 

Water 

Mucin 


0 

12 

21 

27 

34 

.39 

41 

Water 

Xlucin 


8 

7 

12 

22 

27 

.31 

.30 

Water 

Mucin 

100 nig Citric Acid 

3 ,5 

11 

27 


40 

,~)7 

08 

Water 

Mucin 

100 mg Tartaric Acid 

3.3 

14 

20 


5.) 

0( 

74 

Water 

Mucin 

IX 414 (00 mg.) 

6 

20 

31 

42 

47 

.'>3 

.58 

Water 

Mucin 

IX 414 (90 mg.) 

0 

29 

42 


58 

01 

00 

Water 

Pectic Acid 


3 

<1 

0 

8 

10 

11 

11 

Water 

Pectic Acid 

IX 414 (90 mg.) 

3 

9 

18 

24 

.30 

.34 

.37 

^ F’tr cent in 

dnljvate of that cf»ncentr.ition of IX 

uliich would be present 

if all of that placed tn 

the di ily 

ns 5 ic 

’ had 


bctNtme equalU di^'tribufcd throii.;liout tht total 'iJo m! of fluid 
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One of tlie structures which has been implicated 
as possibly retarding cation absorption is the mucin 
lining of the gastrointestinal tract (2). Experi- 
ments were carried out with a 1 % suspension of Gas-, 
trie Mucin Powder' in water as the solvent medium 
for IN 391 in the dialj’sis sac. This preparation in 
distilled water had a pH of 6.0. The influence of 
pH was observed by adjusting to pH 4 with dilute 
HCl or to 8 with dilute NaOH. Mucin was shown 
to have a marked influence in retarding dialj’^sis of the 
quaternary and the influence was particularlj' greater 
at higher pH values. The dials'sis membrane was 
relatively impermeable to the mucin; however, a 
small amount of material slowly diffused through 
which showed some absorption in the U. V. analytical 
range. The diffusible impurities were dialj'zed out 
of a 1 % suspension of the mucin for a twenty-four 
hour period preceding use of the suspension in these 
experiments. The addition of 100 mg. of either 
citric or tartaric acid to the mucin medium also 
showed the influence of added organic acids (lower 
pH) on mucin binding of the quaternary. 

In the preceding article, the influence of polygalac- 
turonic (purified pectic) acid was evaluated as a re- 
tardant for amine absorption. This polj'carboxylic 
acid appears to have a very marked bonding capac- 
ity for the quaternary. 

In Figure 1, tliere are shown the relative influ- 
ences of electrolj’tes, mucin and pectic acid on rates 
of IN 391 diffusion; in Fig. 2, the influence of pH 
on mucin binding is demonstrated. 

The ability of a biologically relatively inert 
quaternary (IN 414) to increase oral effectiveness 
of IN 391 had been predicated on the assumption 
that the sites of loss of the therapeutic quaternary 
in the gastrointestinal tract would be blocked by 
adsorption of the biologically inactive potentiator. 
The influence of addition of GO mg. or 90 mg. of IN 
414 chloride to the IN 391-mucin or IN 391-pectic 
acid combinations is evident from the table or Fig. 
3, The IN 414 significantlj’' reduces the apparent 
binding of the IN 391 to the anionic pob'raers. 

Pharmacological Activity Measurements. — ^The 
effectiveness of additives in potentiating the “oral” 
activity of quaternaries was determined as follows. 
Dogs were anesthetized with pentobarbital sodium 
and the blood pressure measured directly from the 
common carotid artery. The quaternary salts, in 
aqueous solution, were administered directly into 
the upper third of the small intestine. The pro- 
cedure was then repeated (different dogs) using the 
quaternary in combination with the additive agent. 
Most experiments were repeated at least once. 
Insoluble acid additives were dissolved in 1.0 to 2.0 
ml. of 2% aqueous sodium bicarbonate solution. 
Responses were evaluated on the basis of per cent 
fall in blood pressure from normal and duration of 
fall before return of blood pressure to pre-drug level 
or to level of maximum recoverj\ Results are sum- 
marized in Table 11. 

The influence of pH on intestinal absorption was 
measured b 3 ' the same procedure in dogs, IN 391 
was administered in 10 ml. of 0.1 molar potassium 
phosphate buffers of pH 4.0 and 8.4 bj' injection 
into the small intestine at a point just below the distal 


end of the pancreas. Tj’ing off a six-inch loop of 
intestine at the area of injection enhanced the re- 



Uviu 111 waici, / * VO iiiviv.iu 

in water, (C) 0,01 M phosphate buffer, (D) 0.01 M 
sodium chloride solution, (E) water (distilled) 
(Table 1). 



Fig. 2 — Dialysis of IN 391 from 1% mucin suspen- 
sion in water at pH (A) S, (B) 6, (C) 4 (Table I). 


' Gq^tric Mucin (N.N.R., 1957, p. 3S0). 
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‘ipoHcc-- to ‘nine extent a‘= might be expected Rc- 
■iults are outlined in Table III 



Tig 3 — Diahsis of IX 391 from (A) 1% pectic 
acid suspension m water, (B) as m (A ) but with IN 
414 added, ( C) 1% mucin suspension in water, (2?) as 
in (C^ but w ith GO mg IN' 414, (£) as in (C) but with 
90 mg IX 414 (Table I). 


DISCUSSION 

The erratic and often poor absorption of quater- 
naries by the oral route may be related to a number 
of gastrointestinal environmental v.ariables The 
mucin lining could well be a major barrier to their 
absorption from the gastrointestinal traet. The 
barrier effect would be expeeted to increase and 
absorption of quaternarj’ become poorer as the 
environment became less acid. This might result 
in a more rapid absorption of quaternaries in the 
tipper part of the gastrointestinal tract with poorer 
absorption later The influence of pH on nuiciii 
binding might explain why the major part of the oral 
absorption of a poorly absorbed quaternarj’ appears 
to occur fairlj- quicklj’ (2). As the intestinal con- 
tents become less acid, quaternarj' binding bj- poly- 
anionic food components (such as pectic acids) 
as well as the mucins could become more signifi- 
eant The improved oral absorption of quaternaries 
bj- fasting individuals (6) might result from not only 
less loss of quaternarj' bj' binding to food compo- 
nents and dilution but possiblj’ also from less neu- 
tralization of secreted acid One might speculate 
that quaternaries which reduce gastric acid secre- 
tion may indirectlj’ curtail absorption of later doses 
and lead to apparent tolerance. Reserpine has been 
reported to increase gastric acid secretion (7) al- 
though this is uncertain (8). Drugs which increase 
gastrointestinal aciditj’ might produce some potenti- 
ation of quaternaries by improving their absorption 

The magnitude of the influence of other ions on 
binding of quaternaries to mucins or to other parts 
of the gastrointestinal wall is difflcult to assess 
Living membranes iisuallj’ are selectively peniie.able 
to ions and different electrolytes might vary consider- 
,ibly in their influence on absorption of quaternaries 


Tadle II —Influence or Additives on Responses to Quaternary Ammonium Hypotensive Agents 

AD>nNISTCRED INTO THE INTESTINE OF DOGS 






Blood 

— . 

II> potensivc 

Dose 


Dose 

Press 

Duration, 

Quaternary 

ms /Kg 

Additixc 

mg /Kg 

% Fall 

Hours'* 

Hexamethonium 

5 



45 

1 

Hexamcthoiiium 

10 



50 

2 5 

Hexamethonium 

5 

Cholic Acid 

10 

50 

4 5 

Hexamethonium 


Cholic Acid 

10 

0 

0 

IX 292 

2 



15 

1 

IX 292 

4 



20 

2 5 

IX 292 

G 



25 

3 

IX 292 

4 

XaHCO, 

2 

30 

3 

IX 292 

2 

Cholic Acid 

10 

35 

>3 .7 

IX 292 

4 

Cholic Acid 

5 

35 

>5 

IX 292 

4 

Cholic Acid 

10 

GO 

>4 

IX 292 

4 

Dehydrocliolic Acid 

10 

50-70 

>4 

IX 292 

4 

Oleic Acid 

10 

20 

3 

IX 292 

4 

Sorbitan Monostcarate 

10 

25 

2 5 



IX 414 

2 

0 

0 

I X 202 

o 

1X414 

1 

G5 

4 5 

IX 292 

"} 

1X414 

0 a 

GO 

>2 

IX 202 

4 

1X414 

I 

G5 

>4 

IX 202 

4 

1X411 

2 

G5 

>3 

1X301 

0 o5 



20 

3 

1X301 

0 .7 



30 

>1 

I.X.301 

1 



.70 

>1 

IX 391 

0 .5 

Cholic Acid 

10 

.77 

>3 

IX 391 

0 .7 

IX 414 

0 .7 

r/) 

>3 5 


« Durations creatrr than three to four hours cannot be rcliabl> measured in anesthetized do^s 
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Table III. — Influence or pH on Responses to Hypotensive Quaternary IN 391 Adjuntstered into 

THE Intestine of Dogs 


Intestine open 

Buffer 

nig /Kg 

Blood 

Press . 

Duration, 

or tied loop 

pH 

IN 391 

% Fall 

Hours 

Open 

4 0 

0 35 

20 

3 

Open 

4.0 

0 5 

30 

>2 5 

Open 

8.4 

0 35 

0 

0 

Open 

8 4 

0 5 

0 

0 

Loop 

4.0 

0 5 

45 

4 

Loop 

8 4 

0 5 

0 

0 

Loop 

8 4 

1 0 

35 

4 


The mutual influences of ions on their intestinal 
absorption is apparently complex (9). 

Experiments also have demonstrated that two 
steroid acids significantly increase the responses 
(particularly duration) to the two quaternary hj-po- 
tensive agents. The surface-active, lipophilic oleic 
acid and sorbitan monostearate have practically no 
influence on the responses to the quaternaries. 
Although cholic acid lowers blood pressure when 
injected parenterally, it and the related conjugated 
bile acids do not appear to enter the circulation when 
administered orally and have no influence on blood 
pressure (10, 11). Control experiments in the pres- 
ent series show no effects on blood pressure from 
"oral” cholic acid alone. The mechanism of this 
influence on quaternaries is not clearly understood. 
The steroid acids might increase permeability of the 
intestinal wall; they might have a mild mucolytic 
action thereby reducing the barrier effects of intes- 
tinal mueins; they may form salts with quater- 
naries and provide enough anion molecular bulk to 
reduce the frequency of ion exchange The last 
mechanism is not unreasonable and might permit 
more facile passage of the quaternarj’- salt of the 
steroid acid across a lipophilic living membrane 
In any event, the implication is that individual vari- 


ations in biliarj' secretions may influence quanti- 
tatively the oral absorption of quaternaries 

To what extent the gastrointestinal environment 
may be favorablj^ modified to facilitate oral absorp- 
tion of quaternaries is currentlj- under further in 
\estigation. 
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Preparation of Some 8-Nitrotheophyllinates* 

By W. MOROZOWICH and F. W. BOPEf 


The 8-nitrotheophyllinates of aniline, amino- 
pyrine, diphenhydramine, atropine, and co- 
caine were prepared. The presence of two 
melting points with the aniline salt indicates 
its unstability. Attempts to prepare the 8- 
nitrotheophyllinate of antipyrine were un- 
successful. 


UMEROUS SALTS of 8-halotheophyllines with 
basic compounds, particularly the narcotic 
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Based on a thesis presented by \V Morozowich to the 
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of the requirements for the degree Master of Science 
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bases (1) and the antihistaminics (2), have been 
reported. The 8-chlorotheophylIine salt of di- 
phenhydramine was the first of these compounds 
to be made. Drowsiness, one of the main un- 
toward reactions of antihistaminics, was found 
to be diminished (3) in these compounds by vir- 
tue of the CNS stimulating property of the the- 
ophylline moiety. 

The 8-substituted theophjdlines possess an 
acidic hydrogen on position 7, which is capable of 
salt formation. Since nitro groups are more elec- 
tro-negative than halogens, 8-nitrotheophylline 
should be more acidic than the 8-halotheophyl- 
lines. 
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Table III. — Influence or pH on Responses to Hypotensive Quaternary IK 391 Adjiimstered into 

THE Intestine of Dogs 


Intestine open 

Buffer 

mg /Kg 

Blood 

Press , 

Duration, 

or tied loop 

pH 

IN 391 

% Fall 

Hours 

Open 

4 0 

0 35 

20 

3 

Open 

4 0 

0 5 

30 

>2 5 

Open 

8.4 

0 35 

0 

0 

Open 

8 4 

0 5 

0 

0 

Loop 

4 0 

0 5 

45 

4 

Loop 

8 4 

0 5 

0 

0 

Loop 

8 4 

1.0 

35 

4 


The mutual influences of ions on their intestinal 
absorption is apparently complex (9) 

Experiments also have demonstrated that two 
steroid acids significantly increase the responses 
(particularly duration) to the two quatemar3' hj-po- 
tensive agents. The surface-active, lipophilic oleic 
acid and sorbitan monostearate have practicallj’ no 
influence on the responses to the quaternaries 
Although cholic acid lowers blood pressure when 
injected parenterall}', it and the related conjugated 
bile acids do not appear to enter the circulation when 
administered orallj- and have no influence on blood 
pressure (10, 11). Control e.\periments in the pres- 
ent series show no effects on blood pressure from 
"oral” cholic acid alone. The mechanism of this 
influence on quaternaries is not clearly understood 
The steroid acids might increase permeability of the 
intestinal wall; they might have a mild mucolytic 
action thereby reducing the barrier effects of intes- 
tinal mucins; thej' may form salts with quater- 
naries and provide enough anion molecular bulk to 
reduce the frequency of ion e.\change The last 
mechanism is not unreasonable and might permit 
more facile passage of the quaternarj' salt of the 
steroid acid across a lipophilic living membrane 
In anj' event, the implication is that individual vari- 


ations in biliar3' secretions mav influence quanti- 
tatively the oral absorption of quaternaries 
To what e.xtent the gastrointestinal environment 
ma5' be favorabE' modified to facilitate oral absorp- 
tion of quaternaries is currentl3' under further in- 
vestigation. 
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Preparation of Some 8-Nitrotheophyllinates* 

By W. MOROZOWICH and F. W. BOPEf 


The 8-nitrotheophyllinates of aniline, amino- 
pyrine, diphenhydramine, atropine, and co- 
caine were prepared. The presence of two 
melting points with the aniline salt indicates 
its unstability. Attempts to prepare the 8- 
nitrotheophyllinate of antipyrine were un- 
successful. 


UJIEROUS SALTS of 8-halotheophyllines with 
basic compounds, particularlj^ the narcotic 


* Received May 13, 1957, from the College of Pharmaejx 
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Based on a thesis presented by W Morozowich to the 
Graduate School, Ohio State University, in partial fulfillment 
of the requirements for the degree Master of Science 

t Associate Professor of Pharmacy, College of Pharmacy, 
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bases (1) and the antihistaminics (2), have been 
reported. The S-chlorotheophjdline salt of di- 
phenhydramine was the first of these compounds 
to be made. Drowsiness, one of the main un- 
toward reactions of antihistaminics, was found 
to be diminished (3) in these compounds b\' vir- 
tue of the CN^S stimulating property of the the- 
ophylline moiety. 

The S-substituted theophjdlines possess an 
acidic hj’drogen on position 7, which is capable of 
salt formation. Since nitro groups are more elec- 
tro-negative than halogens, S-nitrotheophj-lline 
should be more acidic than the S-halotheoph\’l- 
lines. 
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8-NitrothcophyIline 


Increased aeidity should resiill in more stable 
salts with less chance of precipitation of the free 
xantliinc derivative in tlic stomach. 

Diiscl, cl al. (4), liave prepared tlic choline salts 
of theophylline, S-chlorotheophyllinc, and 8- 
bromolheophyllme. The oral LDw’s of these 
compounds were found to range between .500-8.50 
mg. /Kg. The LDjo of the choline salt of 8- 
nitrotheophyllinc was nonlcthal at .5,000 mg./- 
Kg. 

The inirposc of this work was to prepare the 8- 
nitrothcophyllinatcs of some antihistaniinic and 
analgesic compounds and to attempt synthesis of 
the aniline and the amino])yrine salts which could 
not be prepared as the 8-chlorntheophyllinatcs 
( 1 ). 


concentrated to ,30 ml. by distillation, then cooled 
to —.5°. The yellow crystals obtained were re- 
crystallized twice from 99% isopropyl alcohol, then 
dried over P-Os at 90° and .3 mm. for three hours. 
The III. p. was 191-190°. Microscopically the 
crystals were clustered together in the form of yellow 
rosettes. Titration of a 0.010,5 Gm. sample re- 
(piircd 1.001 equivalents of standard XaOH, indicat- 
ing that the salt consists of a 1 :1 ratio of 8-nitro- 
tlieoph.vlline to aminopyrine. Infrared spectro- 
graphs were obtained for the starting materials and 
characteristic absor|)tioiis were identified in the final 
compound. 

'rite following com|)onnd.s were similarly pre- 
pared; aniline-, diphenhydramine-, cocaine-, and 
atropine .S-nilrotheophylliu;ite. Crystal structure, 
C, II analysis and melting iioinls of the compounds 
;ire reported in Tidile I. All of the compounds were 
found to be 1:1 ratios of base to S-nitrotheophylline. 


DISCUSSION 

The 111 . p. of the aniline .8-nitrothcophyllinate 
taken conventionally on a I'isher-Johiis apparatus 
was 279-2.8.3°, approvimately the same as that of S- 
nitrotheophylline However, when the compound 
w:is dro|ipeil onto a preheated melting point block 


TAtit.t; I.' ,S-XiTmniti:oi'iivi,i.iNATi:s 
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« Melting points were taken on a I'islicr-Johns mrltnig point Mock 

Cnrl>on-hy(lroKcn analyses were carried tint hy Scht'artrkopf kulmratories. N’ew Vtirk, N* V 
«■ Composilxm in tloulil tine to tlKcrcpaticies in C. H analyses anti to crvstal nature See DiscusMon. 

d When dropi)ctl ontt> a hot inelting point Mock, it melts above 155®, then solulifies. ami melts agam at 27i>-2S3®, which 
IS approximately the same as for 8-nitrotheopliylline. 


EXPERIMENTAL 

8-Nitrotheophylline was prepared by nitrating 
theophylline in glacial acetic acid according to the 
method of Dii.scl, cl al. (4). Potentioinctric titra- 
tion of 8-nitrothcophylIinc with standard soditnn 
hydroxide solution established the jiKa at 3..5S. 
3'hc m. p. of 8-nitrotlicophylliiie was 282-28.3° with 
decomposition. 

Aminopyrine 8-Nitrotheophyllinnte. — A sample 
of 0.450 Gm. (0.0200 mole) of 8-nitrotheophyllinc 
was refluxed with 0.502 Gm. (0.021G mole) of amino- 
pyrine in 150 ml. of 99% isopropj'l alcohol. After 
refluxing for one hour the clear yellow solution was 


it melted when the temperature was above 155°, 
then solidified, and melted again at 279-283°. This 
indicates that the compound is quite unstable and 
probably reverts to the starting materials when 
;ibove 155°. 
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A Study of the Effect of Certain Pharmaceutical 
Materials on Color Stability* 

By ROY KURAMOTO, LEON LACHMAN, and JACK COOPER 

The influence of several pharmaceutical materials on the fading of the certified color, 
FD&C Blue No. 2, has been investigated. It has been found that sugars such as dex- 
trose, lactose, and sucrose increase the rate of fading, whereas sugar alcohols such 
as mannitol and sorbitol do not appreciably affect the rate. However, if trace 
amounts of strong reducing catalysts remain in the sugar alcohol after being crystal- 
lized, they significantly affect color stability. In general, antioxidants such as hydro- 
quinone, p-hydroxypropiophenone and hydroquinone monomethyl ether were 
found not to appreciably retard the fading due to reducing sugars. In the case of 
NDGA, however, the rate of fading due to dextrose is substantially reduced. It 
appears that the rate of fading of the above color is catalyzed in the presence of re- 
ducing compounds. 


A LTHOUGH COLOR FADING of pharmaceutical 
preparations appears to be a common oc- 
currence, no previous reports on the mechanism 
of the reaction seems to have been published in 
the literature. It has been a common practice 
in the pharmaceutical industry to discard the use 
of a specific color if it is found to be unstable in a 
given formulation. This was done without de- 
termining the agent or agents which were re- 
sponsible for this reaction. This approach is 
now becoming more difficult to utilize since the 
niunber of certified dyes has been diminishing 
due to recent FDA investigations and subsequent 
rulings. Therefore, it appeared to be desirable 
to investigate the actual mechanism of the reac- 
tion in order to possibly retard the rate of fading. 

The certified dye, FD&C Blue No. 2, an indigo 
sulfonate, was utilized in this investigation. 
This dye was chosen since it was found to be 
very unstable in the presence of many pharma- 
ceutical ingredients or when subjected to differ- 
ent environmental conditions. It was decided 
to study the rate of fading of this dye in solution 
rather than in formulations such as tablets, sus- 
pensions, etc. ; since this form is more amenable to 
stability investigation and chemical analysis. 
In addition, the instability of this dj'e would 
lend itself to a thorough study within a reason- 
able length of time. 

From the chemical structure of the dye and 
actual experience with color stability in product 
formulations, it appeared that the fading was 
due to an oxidation-reduction reaction as well as 
to a dependency on light intensity. However, 
in this study no attempt was made to isolate the 
contribution of the light intensit}^ factor to the 
overall reaction. 


♦Received May 3, 1957, from the Research Department, 
Ciba Pharmaceutical Products Inc,, Summit, N. J. 

Presented to the Scientific Section, A. Pii. A., New York 
meeting, April-May 1957. 

The authors are sincerely grateful to Nancy Colangelo and 
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In order to substantiate the above reasoning, 
the effect on color stability caused b}' various 
reducing and nonreducing sugars, sugar alcohols, 
antioxidants, and other compounds was eval- 
uated. Experimental data indicate that sugars 
such as de.xtrose, lactose, and sucrose increase the 
rate of fading; whereas sugar alcohols such as 
sorbitol and mannitol do not appreciably affect 
the rate. However, if trace amounts of strong 
reducing catalysts remain in the sugar alcohol 
after being crystallized, it significant!}’ affects 
color stability. In general, antioxidants such 
as hydroquinone, ^hydrox}’propiophenone and 
hydroquinone monomethyl ether were found not 
to appreciably retard the fading due to redueing 
sugars. In the case of NDGA, however, the 
rate of fading due to dextrose is substantially 
reduced. 

PREVIOUS STUDIES 

A search of the literature reveals that although 
there are numerous reports on the fading of vat dyes 
in the textile industry’, there is a conspicuous lack 
of reports on the mechanism of color fading in phar- 
maceutical formulations. One of the few investi- 
gations on color stability’ in pharmaceutical prepa- 
rations has been reported on by’ Garrett and Carper 

(1) . They’ recently’ reported on the color stability of 
a liquid multi-sulfa preparation by kinetic investiga- 
tion of the thermally’ accelerated degradation of the 
color. They did not attempt to determine the mech- 
anism of the reaction or the ingredients which 
were responsible for the fading. Their main purpose 
was to predict the shelf color stability of this formu- 
lation in a brief period of three and one-half weeks, 
which they appeared to have accomplished success- 
fully’. 

The effect of light intensity’ on textile color stabil- 
ity’ has been reported on by’ Taylor and Pracejus 

(2) and others (3-S). In general, most investiga- 
tors report that color fading in textiles is dependent 
on light intensity’. Desai and Vaidya (5) indicated 
that dy-es such as Brilliant Green, Malachite Green, 
Crystal Violet, Rosaniline, and others were stabilized 
against sunlight to varying degrees by’ the addition 
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of copper sulfate. Results of Taylor and Pracejtis 
(2) iiiclicatc that the fading of colored te.xtilcs by 
dayligiit is principally due to radiant energy in the 
visible spectrum. 

The food industry, in niiiny respects, has similar 
problems with color stability as do the iiharniaeeiili- 
cal companies. For e.xample, an interesting study 
by Pruthi and Lai (!)) on the color of citrus juices has 
shown that sweetening agents present in the jiroduct 
tended to accelerate the color changes. This is in 
agreement with the observations found with phar- 
maceutical formulations containing similar tyiic 
sweetening agents. 

There have been mmierons publications on the 
oxidation-reduction reactions of v.arious dyes. 
It appears that the color fading of indigo is due to 
the formation of a leuco com|)onnd preceded by an 
unstable intermediate (10 -12). In .iddilion. it has 
been shown that metallic ions catalyze the oxidation 
or reduction of indigo tyjie colors (13 l.'i) 

It is apparent from the above cited references that 
dyes are readily alTccted by reducing and oxidizing 
agents as well as by light intensity. Since many 
pharmaceutical formulations contain colorants as 
well as various ingredients which possess reducing or 
oxidizing proiierties, it aiipeared desirable to investi- 
gate the color stability of these preiiarations. This 
approach appeared essential in order to determine 
the mechanism of the reaction from which one can 
postulate a iiossible method of retarding the rate 
of fading. 


liXPIilUMIiNTAI. 

Materials Used. Sucrose I'. S. P , dextrose 
U. S P., lactose I' ,S P , maunilol N. 1',, sorbitol 
(Atlas Powder Co. ), sorbitol solution .\. I'. (Sorbo' , 
Atlas Powder Co.), hydrotiuinone (Meick S: Co.), 
nordihydroguaiaretic acid (N1)C,A, K vS: R Labora- 
tories, Long Island City, \. ), hydroc|Uinone 
monomethyl ether (Kastman Chemical Products, 
luc ), p in droxypropiophenone (Kastman Kodak 
Co ), KD&C nine No. 2 (Caleo Chemical Division, 
Lot (l.S(i.')2), and jiliosiihatc buffer solution. pH ti.li. 

Equipment.— Heckman spectrophotometer model 
DU, licckmaii recording spectrophotometer model 
DK-1, and Beckman jiII meter model G. 

Procedure. — Aqueous bulTer solutions (pll ti.li) 
containing 0.ir>% dye, O.l.'i'fe dye -)- ,o',; sugar or 
sugar alcohol, O.l.oCJ dye + .oVi; dextrose -1- O.l'j,', 
chemical additives, and 0.1.")', ’o dye -f- 0. 1 % chemical 
additives were prepared and investigated for their 
color stability. Thc.se samples were stored at room 
temperature and exposed to ordinary room illumina- 
tion. At designated time intervals, tiliquot samples 
were removed and assayed spcctrophotonutrically 
for re.sidual color at 010 mp where Aiit:;,. n,,, = 2-lS. 

RESULTS AND DISCUSSION 

The stability of FD&C Blue No. 2 in a bulTcred 
aqueous solution was investigated in the presence of 
several materials commonly found in pharmaceutical 
preparations. These studies were buITcrcd at pH 
G.G in order to maintain a constant hydrogen ion 
concentration as well as to approximate the pH of a 
0.15% aqueous solution of the dye. 

The influence of various sugars on the rate of 
fading of the dye is presented in Table I and Figs. 


Taiii.b I. — Init.urnci! or Sugar.s on the Rate op 
Fadi.no or F'DftC Blue No. 2 at pII G.G and at 
Roo.m Tilmrerature 


Kate X t0> (Days-1) 

19. GO 
9.20 
9.78 


Siiitar 

Dextrose 

Sucrose 

Lacto.se 


1 and 2. It c.'iu re.'idily be Seen from Fig. 1 that dex- 
Iro.se substantially increases the rate of fading after 
a period of induction. This “lag time” is probably 
due to the formation of a semiqninone intermediate 
which is very unstable. A straight line plot after 
the inititil lag time indicates an aiiparenl first order 
reaction with rcsiiect to the dye concentration. 



Fig. 1. [ilol showing the influence of dextrose 
.•n the rate of fading of L'lISrC Blue No. 2 where the 
npjier line reliresents the rale of fading of the dye in 
the absence of dextrose. 


h'roin I'ig. 2 it is app.ireni that lactose and sucrose 
.ifTccl the rale of fading in a manner similar to dex- 
trose However, it a|)|)ears that the mono.sac- 
cli.iride has a greater influence on the color inst.abil- 
ity than the disaccharides. .Mthough sucrose is a 
iionrcducingsngar.il still causes fading, but to a 
lesser degree than lactose. This is essentially due 
to the hydrolysis of the sucro.se to fonn dextrose 
and frnclo'e both of which have reducing groups. 



Fig. 2. — -A plot comparing the effect of sucrose and 
lactose on the rate of color fading. 
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From the data presented in Table II and Fig. 3, it 
seems that sorbitol and mannitol do not appreciably 
affect the rate. However, it can be seen from the 
curve of sorbitol Lot 634 that some batches of 
sorbitol significantly affect the rate of color disap- 
pearance This may be due to the presence of trace 
amounts of strong reducing catalysts which were 
not completely removed during the purification 
stage. Although the actual method of preparation 
and purification of this particular batch of sorbitol 
is not readily available, two methods of preparation 
have been reported in the literature (16, 17) which 
utilize strong reducing catalysts such as nickel and 
iron. The eurve representing sorbitol Lot 634 does 
not show an induction period and this can be at- 
tributed to the more rapid formation of the semi- 
quinone which is subsequently converted to the 
leuco form. This strongly indicates that such ma- 
terials should be adequately tested by the Quality 
Control Division before being used in pharmaceu- 
tical formulations containing colorants 


Table II. Influence of Sugar Alcohols on the Z 
Rate of Fading of FD&C Blue No. 2 at pH 6 6 g 
AND AT Room Temperature O 


Sugar Alcohols 

Rate X 10* (Days"*) 

Sorbitol (Lot 1709) 

2.04 

Sorbitol Solution N. F. 

7.36 

Sorbitol (Lot 634) 

27.60 

Mannitol 

7.36 



Fig 3 — The influence of various sugar alcohols on 
the rate of fading of FD&C Blue No 2 


In order to determine the effect of some antioxi- 
dants and related chemicals on the rate of color 
fading, various solutions containing these agents 
were investigated. The information obtained from 
these studies is presented in Table HI and Figs. 
4r-7. It is apparent from data in Table III and 
Fig 4 that the rate of color fading in the presence of 
dextrose and hydroquinone monomethyl ether is 
approximately the sum of the rates of each com- 
pound. However, in the case of hydroquinone, as 
shown in Fig. 5 and Table HI, the rate of fading 
appears to be greater than the additive effect of 


Table HI. — Influence of Antioxidants and 
Related Chemicals on the Rate of Fading of 
FD&C Blue No 2 at pH 6 6 and at Room 
Temperature 


Additive 

Rate X 10> (Dajs-i) 

Hydroquinone monomethyl 
ether 

6 90 

Hj’^droquinone monomethyl 
ether 4- dextrose 

28.50 

Hydroquinone 

7 36 

Hj'droquinone -f- dextrose 

33 40 

/>-H5'drox3'propiophenone 

0 00 

^-H 5 'dro\ypropiophenone 
-|- dextrose 

19 60 

NDGA 

9 20 

NDGA -f dextrose 

9 20 


Q600 





— 0 

0500 



0400 

“ O— ©‘Color 

#*«^>Color« Hydroquinone mono methyl ether 

- # ■••Colors Dextrose 

i 


Color* Dextrose Hydroquinone mono methyl ether 


1 1 1 1 • t 1 

i_ 


j I I \ 1 j I i_ 

2 4 6 8 10 12 K 16 
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Fig. 4 — The effect of hydroquinone monomethj 1 
ether on the rate of color fading due to dextrose 



Fig 5 — -A graph indicating the influence of hydro- 
quinone and dextrose on the rate of color fading 


dextrose plus hydroquinone. The rate is essentially 
equal to the sum of the rate due to dextrose plus 
twice the rate due to hydroquinone This may be 
attributed to the tw o easib' oxidizable groups present 
in the hydroquinone molecule Mffiereas, with 
p-hydroxypropiophenone (Fig. 6), it can readily be 
seen from Table HI that this compound did not 
contribute to the overall rate. This may be ex- 
plained by the presence of a relatively strong elec- 
tron attracting group on the molecule in the para 
position. In contrast to the above additives, the 
presence of NDGA in the color solutions retards the 
effeet due to dextrose It can be seen from Fig. 7 
that the rate of fading is essentially due to the effect 
of NDGA and the dextrose does not appear to con- 
tribute to the overall effect. This may be explained 
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by the relative ease of oxidation of NDGA as com- 
pared to that of dextrose 

It can be seen from Kigs 8 and i) lhal there is a 
significant change in the absorption spectnim Iiotli 
in the visible and UV'' regions Figure 8 illustrates 
the changes in intensity of the color due to the ex- 
tent of reduction to the colorless leuco form How- 
ever, in Fig 9, the curves indicate a change in the 
structure of the dye molecule upon reduction. 
The absorption maximum at 285 nm aptiears to 
decrease as the carbonyl group is reduced This is 
further substantiated by the formation of a new 
maximum at 235 nm which is probably due to the 
reduced form of the carbonyl group 

Mechanism. — A search of the literatttre did not 
appear to reveal a comprehensive mecliaiiism for the 
reduction of indigo dyes. Iloucvcr, Appleton and 
Gcakc (12) indicate that indigo undergoes reduction 
through the formation of an intermediate conipouml. 
From their results, they further conclude th.it tliis 
reduction mechanism involves a two-electron proc- 
ess This appears to be in agreement uith the work 
of Moran and Stoneliill (8) who liave sUovxn that tlie 
oxidation-reduction of anthraquiiioid v.it dyes 
proceeds by a free radical mcchanisin 

From the above studies and the data obtained in 
this investigation, the following possible meehaiiisiii 
IS proiiosed 



Fig l> ~ .V filot showing the insignificant efitet of 
F-li.vdroxypropiophenone on the r.ite of fading due 
loilestrose 


The semit]uinone (II fv III) gives only two of the 
several possible contributing fonns to the resonance 
hvbrid However, it would ajipear that HI is 
lirob.ibly the most stable electronic configuration of 
this groiui 

The induction period observed in this study is 
probably due to the build-up of the semiqiiiiione 
which is subsequently reduced to the leuco form. 

Derivation of the Rate Equation. — Assuming the 
above tnechanisni is representative of the reaction 
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Fig. 7 — The retarding effect of nordihydroguaia- 
rctic acid on the rate of fading of FD&C Blue X^o 2 
due to dextrose. 
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WAVELENGTH (m/<) 

Fig. 8. — A plot of the visible absorption spectra of 
PD&C Blue No. 2 indicating the different degrees of 
color fading in the presence of reducing substances. 
Curve I represents the initial absorption maximum 
of the color. 


and utilizing the experimental data, the following 
rate equation can be derived; 


h 

I + H • * 111 (unstable intermediate) 

(Eq. 1) 


feo 

in + H • > IV (rate determining step) 

(Eq. 2) 

= fc,(III)(H-) (Eq. 3) 
= k, (I) (H-) - (HI) (H-) (Eq. 4) 


Since III is assumed to be an unstable intermedi- 
ate, the “steady state method” may be emploj’ed 
to compare the postulated mechanism ivith the 
empirical data. This method is applicable only to 
those cases in which the intermediates are unstable 
and, therefore, their concentrations are at all times 
much smaller than those of the reactants. For 
such cases, it is reasonable to postulate that after a 
time, which is very short relative to the half-time of 
the reaction, a stead 3 ^ state is attained and during 
the steady state the rate of change of the concen- 
trations of the intermediates is negligiblj' small. 


On the basis of this assumption, one mat’ set the 
time derivatives of the concentrations of each of the 
intermediates equal to zero. 


If 


dl 


= 0,fei(I)(H-) = *.(III)(H-) 


(Eq. 5) 


Therefore: 

djlV) 

dt 


ki (I) (H-) 


~d(J) 

dl 


(Eq. 6) 


Equation 6 is representative of the overall reac- 
tion which is given by the mechanism above. 

Since the concentration of the reducing agent is so 
much greater than the dj’e concentration, it can 


UJ 
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< 

CQ 

ac 

o 

CO 

CO 
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Fig. 9. — A plot of the ultraviolet absorption 
spectra of FD&C Blue No. 2 indicating a change 
in the spectra due to the extent of formation of the 
colorless leuco form. Curve A represents the initial 
absorption spectrum of the dj’e. 
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be assumed that the hydrogen free radical term in 
Eq. G is constant 

Then; 

(KO. 71 

This sliows that the assumed mechanism is con- 
sistent with the observed first order kinetics. 

SUMMARY AND CONCLUSIONS 

The effect of several |)liannaceiitical niaterials 
on the rate of fading of FD&C liinc No 2 has 
been investigated. From the cxiicriinental data 
obtained and the iiostuhitcd niechanism, the 
following conchisions can he drawn 

1. The fading of FD&C IJIne No 2 appears 
to be readily potentiated by reducing agents. 

2. In general, the addition of antioxidants 
docs not apprcciablj- retard the rate of fading of 
the color in the presence of dc.xtrosc 

3 Of all the antioxidants investigated in this 
study, only NDGA appeared to substantially 
decrease the rate of fading due to dextrose 

1 The presence of trace iininirities in coiii- 
inonly used pharin.iceiilical ingredients iiiat cause 


color fading. 

f). A possible incchanisni for the reaction has 
been proiiosed which is based upon a two- 
electron change. 

(i 'I'lic "steady state inethod" was employed 
in the derivation of an apparent first-order rate 
ccpiation for the overall reaction which appears 
to be in agreement with the experimental data. 
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A Bacteriological Evaluation of 
Boric Acid-Water-Sorbitol Solutions^ 

By JOHN J. SCIARRA.t DONALD E. SHAY4 and JOHN AUTIAN§ 


A study of the effect of various conccntr.-itions 
of sorbitol on the antibacterial activity of 
boric acid in aqueous solution was made. 
Saturated solutions of boric acid in various 
concentrations of sorbitol were prepared at 
25°. Zones of inhibition were determined 
using the agar plate method and A!tcrococc/is 
pyogenes var. aureus as the test organism. 
Bacteriostatic or bactericidal activity was also 
determined. The pH of all solutions was 
measured in order to correlate antibacterial 
activity with pH. 

SATURATED SOLUTION of boric acid has been 
used as an antiseptic for many years. Since 
this solution represents 5 per cent boric acid, an 


* Received Aprd 5, 1057, from the Unircrsity of Mar>lnnd, 
School of Pharmocy, Baltimore 1 

Presented to the Scicntinc Section, A Pil A , New York 
City meeting, Aprd, 1057 

Abstracted in part from a dissertation snbmittcd to the 
Graduate School of the University of Mnryhnid by John J. 
Sciarra in partial fnirdlment of the requirements for the dc 
gree of Doctor of Philosophy, June, 1057. 

t Present Address Assistant Professor of Phnrmacctitical 
Chemistry, St John’s University, Coilege of Pliarmncy. 
Brooklyn, N. Y 

J Professor of Bacteriology. 

5 Assistant Professor of Pliarmncy, University of Michigan. 
College of Pharmacy, Ann Arbor 


increase in amccntralioii becomes impossible. 
It was jircvionsly reported tliat sorbitol in com- 
bination with boric acid will increase the solu- 
bility of this acid from o per cent to approxi- 
mately 20 per cent by weight (1). It was hoped 
that tills increased concentration of boric acid 
would prove to be a Ixitter antiseptic solution. 

The antiseptic activity of boric acid in sorbitol 
solutions is possibly due to three factors: the in- 
creased concentration of boric acid, tlie antiseptic 
properties of the coniidcx compound, and tlie de- 
crease in pH of the solution. 

Zipf and Stephan (2) reported that products of 
boric acid with aliphatic polyhydroxv compounds 
have a lower pH than boric acid and possess 
higher toxic effects on organisms. 

Many methods Iiavc been used to test the anti- 
bacterial power of preparations designed for ap- 
plication to the body surfaces (3, '!). One of 
these, tlie phenol coefficient technique, is limited 
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to those substances possessing germicidal prop- 
erties and is not an effective means of evaluating 
bacteriostatic substances (4). Such methods as: 
the wet filter-paper, dr)' filter-paper, agar-plate, 
serum agar-plate, agar cup-plate, etc., have been 
used in the past for this purpose. The agar-plate 
method has been used in this investigation to 
evaluate the boric acid-sorbitol solutions. llTien 
using the agar-plate technique, the cooled melted 
agar is inoculated with the test organism, in this 
case Micrococcus pyogenes var. aureus, poured in a 
Petri dish and allowed to harden. The test sub- 
stance is placed into penicillinders which have 
been set on the surface of the agar, and the plates 
are then incubated at 37.5° for from twenty-four 
to forty-eight hours. Upon e.xamination a clear 
zone around the test substance indicates no visi- 
ble growth of the organism; the wider the zone 
the greater are the diffusion and antibacterial 
powers of the substance. If the substance is not 
inhibitory the organisms will grow over the en- 
tire plate, even in contact with the test substance. 
Samples of agar within the zone are then subcul- 
tured in a nutrient broth, incubated at 37.5° for 
forty-eight hours, and examined for turbidity. A 
clear broth is indicative of no bacterial growth, 
hence bactericidal activity; while a turbid 
broth indicates bacterial grorvth or bacteriostatic 
activity. 

This paper presents the results of comparing 
the zones of inhibition manifested by boric acid 
alone and in combination with sorbitol. 

EXPERIMENTAL 

The media used in this experiment were sterile 
nutrient agar, pH 6 8 (B. B. L.) ; and sterile nutrient 
broth, pH 6.9 (B. B. L.). 

The organism used was ^[icrococcus pyogenes var. 
aureus (F. D. A. strain 209). It was selected as the 
test organism since this is one of the bacteria used by 
the Federal Food and Drug Administration to test 
antibacterial substances A 4-mm. loopful of 
organisms from a stock culture was transferred to a 
sterile tube of nutrient broth and incubated at 
37.5° for twent 3 ’-four hours. 

Solutions of sorbitol in distilled water were pre- 
pared containing from 0 to 70% by weight of sor- 
bitol in increments of 5%. These solutions con- 
stituted the controls. 

Solutions of boric acid in distilled water were pre- 
pared containing from 0 to 5% hy weight of boric 
acid in increments of 0.5%. 

The boric acid-sorbitol solutions were prepared 
according to the concentrations given in Table I. 

The Petri dishes were prepared by liquefying the 
sterile medium, adding 1 ml. of a twenty-four-hour 
broth culture of the test organism when the medium 
cooled to 56° and then pouring into the Petri dishes 
in 20-ml. amounts. When the plates solidihed four 
penicillinders were placed equidistant on the surface 
of the agar. 


Table I. — Concentration of Boric Acid- 
Sorbitol Solutions 


Solution 

Bone Aeid, 

Sorbitol, 


No. 


% (w/wj 

% (w/w) 

1 

5.57 

0 00 

94 43 

2 

6.31 

4 68 

89 01 

3 

7.09 

9.29 

83 62 

4 

7.87 

13 82 

78 31 

5 

8.72 

18 26 

73 02 

6 

9.47 

22 63 

67 90 

7 

10.42 

26 87 

62 71 

8 

11.18 

31 09 

57 73 

9 

11.63 

35 47 

52 90 

10 

12.92 

39 19 

47.89 

11 

13.80 

43.10 

43 10 

12 

14.98 

46.76 

38 26 

13 

16.17 

50.30 

33 53 

14 

17.31 

53 75 

28 94 

15 

18 66 

56 96 

24 38 


Bj' means of sterile pipets five drops of each test 
solution were placed into the penicillinders on the 
surface of the Petri dishes The dishes were then 
incubated at 37.5° for fort\'-eight hours. The size 
of the zone was recorded as the distance between the 
outer edge of the penicillinders and the periphery 
of the clear zone. 

A sample of the agar in the clear zone was then 
subcultured in nutrient broth and incubated at 
37 5° for fortj'-eight hours. 

RESULTS 

The zone of inhibition manifested by boric acid 
in sorbitol solutions is shown in Table II These 
results are shown graphically in Fig. 1. Table HI 
and Fig. 2 show the results obtained using solutions 
of boric acid in distilled tvater. 


Table II. — Antibacterial Effect of Boric Acid 
IN Sorbitol Solution 


-Zone of Inhibition, mm 


Solution 

No 

Detn 
No 1° 

Detn 
No 2“ 

Detn 

No 3° 

Av 

pH 

1 

4.3 

8 I 

8 8 

7 1 

3 80 

2 

4.4 

9 0 

8 4 

7 3 

2 90 

3 

6 9 

7 6 

8 3 

7 6 

2 50 

4 

5.4 

8 3 

5 4 

6 4 

2 35 

5 

5.6 

8 0 

4 9 

6 2 

2 20 

6 

6.5 

8 0 

5.9 

6 S 

2.15 

7 

6.6 

8 1 

5 3 

6 7 

2.10 

8 

5.6 

7 4 

5 1 

6 0 

2 00 

9 

7.1 

7 9 

6 1 

7.1 

1.90 

10 

8 2 

7.4 

7 1 

7.6 

1 85 

11 

6.3 

8 3 

6 9 

7.2 

1 75 

12 

6.3 

8.3 

7 1 

7 2 

1.70 

13 

6.0 

8 9 

7 4 

7 4 

1 70 

14 

6.0 

9.4 

7.3 

7 3 

1 60 

15 

7.1 

9.5 

8.1 

8.1 

1.60 


® Average of eight determinations. 


The control solutions of sorbitol alone did not in- 
hibit the growth of Micrococcus pyogenes var. 
aureus. This observation is not surprising since 
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Taele in. — Antiiiacterial Keeect or Boric Acid 
IN Water 


Boric Acid, 
Conen. 

% w/w 

Av. Zfjijc ,)f 

mill 

nil 

0.0 

0.0 

7.20 

0.5 

2.0 

(i 35 

1.0 

3 4 

5 85 

1,5 

4 0 

5,. 50 

2.0 

5 0 

5. 10 

2,5 

0 4 

4 85 

,3.0 

0 S 

1 .55 

3.5 

7 9 

4 45 

4.0 

.8 (> 

4 30 

4.5 

8 9 

4 15 

5.0 

9 7 

3 95 


° AvcraRC of cIkIiI <lctcrniiitr»tions. 



Fig. 1 — Antibactcri;il activity of lioric acid-sorliitol 
solution. 



PER CENT WEIGHT BORIC ACID 


Fig. 2 — Antibacterial activity of boric acid in water. 

sorbitol is not antibacterial, in fact, it is sometimes 
used as a component of various media used for the 
growth of bacteria. 

The results of the subculture of the clear zone of 
inhibition in nutrient broth showed boric acid in 
these concentrations, and when tested in this man- 
ner, e.\erted a bacteriostatic effect and not a bacteri- 


cidal one. All of the tubes indicated bacterial 
growth after a forty-eight hour incubation period. 

DISCUSSION or nrsuLTs 

The re.sults suggest that the maximum anti- 
bacterial activity of boric acid occurs when used in a 
concentration of approximately r>%. Any further 
increase in concentration of boric acid, made pos- 
sible by the addition of sorbitol, was not indicative 
of greater antibacterial activity. Apparently the 
sorbitol interferes in some manner with the anti- 
microbial activity of boric acid. Xo direct rel.i- 
lioiisliii) was found to exist between the concentra- 
tion of boric acid in sorbitol solution and the anti- 
bacterial effect. There were several solutions where 
the effectiveness ilecreased with an increase in con- 
centration of boric acid. This decrease may be due 
to the formation of a complex compound between 
boric acid and sorbitol. The antibacterial activity 
of this new compound has been found to be less than 
that of a .'»% boric acid solution in water. 

In an attempt to understand the cause for the 
variation in activity of boric acid in the presence of 
sorbitol, the pll of the solution was measured. The 
l>n was found to decrease with an increase in con- 
centration of boric acid. This lowering of pH 
verified the iiresence of a more acidic compound 
hut <lid not exiilain the various peaks shown in 
Fig. 1. Ilail there been an increase in iiU for those 
solutions showing lesser antibacterial activity, the 
difference could be explained. It is known that a 
decrease in hydrogen-ion concentration for acidic 
substances will decrease antibacterial activity and an 
increase in hydrogen ion concentration will increase 
antibacterial activity (.'>). 

A possible exi>lanation, at this time, for these 
differences in antibacterial activity of boric acid 
solutions in the presence of sorbitol, may be that 
sorbitol, being a nutrient for bacteria, hinders the 
activity of boric acid, I'urthcr studies arc indicated 
to explain the mechanism of this activity. 

SUMMARY AND CONCLUSIONS 

1 . A study was made of the antibacterial ac- 
tivity of various solutions of boric acid in the pres- 
ence of sorbitol. 

2. Alaximnnt antibacterial activity of boric 
acid occurred at about a 5 per cent concentration. 

3. No relationship was found to exist between 
the concentration of boric acid in sorbitol solu- 
tion and the antibacterial activity, nor between 
the pH and antibacterial activity. Furtlier work 
is necessary to fully establish these observations. 

4. Boric acid in sorbitol solution was found 
to be bacteriostatic rather than bactericidal. 
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The Toxicity and Metabolism of Dihydroquercetin* 

By ALBERT N. BOOTH and FLOYD DeEDS 


Dihydroquercedn, which is closely related to 
quercetin in chemical structure, has been 
shown to be nontoxic when fed to albino 
rats at a dietary level of 1 per cent for long 
periods of time. Chromatographic examina- 
tion of the urine of two human volunteers be- 
fore and after the ingestion of 2 grams of _di- 
hydroquercetin demonstrated the conversion 
of the compound to 3,4-dihydroxyphenyl- 
acetic, w-hydroxyphenylacetic, and 3- 
methoxy-4-hydroxyphenylacetic acids. These 
same metabolites are excreted following 
oral administration of quercetin, or DOPA, 
to rats, rabbits, or humans. 


' r^HB ANTIOXIDANT PROPERTIES, physiological 
-*■ effects, and metabolic fate of rutin and its 
aglycone, quercetin, have been studied in this 
laboratory (1-8). The close structural relation 
of dihydroquercetin to quercetin (Fig. 1) invites 
comparison of the two compounds in regard to 
toxicity, antioxidant properties, physiological 
effects, and metabolism. 



Fig. 1. — Structural formulas of quercetin and di- 
hydroquercetin. 


Quercetin occurs as the glyuoside rutin in the 
buckwheat plant {Fagopyreim csculentum and 
iartaricnnt) , in the leaves of Eucalyptus macror- 
rhyncha, in the flower buds of the Chinese scholar 
tree {Sophora japonica) , and as the rhamnoside 
quercitrin in the bark of the black oak tree 
(Quercus velvutina). Commercial quercetin has 
been prepared by acid hydrolysis of the material 
isolated from these sources (9-12). At present 
the most prolific source of dihydroquercetin is 
Douglas fir bark which contains SO to 162 pounds 
per ton of bark (13). The ease of conversion of 
dihydroquercetin to quercetin (14) makes Doug- 
las fir bark another potentially important source 
of the latter. 

In a study of comparative abilities of a number 
of flavonoids to protect epinephrine against oxida- 
tion in vitro Wilson and DeEds (3) reported that 
3 molar equivalents of dihydroquercetin pro- 

* Received May 28, 1957, from Pbarroacology Section, 
Western Utilization Research and Development Division, 
Agricultural Research Service, U. S. Department of Agricul- 
ture, Albany, Calif. 


vided about O.S the antioxidant effect afforded bv 
1 molar equivalent of quercetin. Because of the 
ease with which dihydroquercetin is oxidized to 
quercetin it was recently suspected that the anti- 
o.xidant activity in vitro ascribed to dihv'dro- 
quercetin may have been due to quercetin present 
as an impurity. Wilson has now shown that di- 
hydroquercetin purified by repeated crj'stalHza- 
tion has negligible antioxidant protective action 
toward epinephrine in vitro (15). This does 
not necessarily militate against the possibility 
that dihy^droquercetin may be converted to 
quercetin in the animal body and therefore pro- 
duce the same physiological effects as quercetin. 
The observations on the metabolism of dihydro- 
quercetin reported herein are in harmony with 
this suggestion. Moreover, Ambrose, Robbins, 
and DeEds (6) reported that dihydroquercetin, 
in common with rutin, quercitrin, and quercetin, 
prmdded some protection against severe acute 
frostbite in rabbits. Unpublished data obtained 
on 5 rabbits, using the technic described by 
Ambrose and DeEds (2, 4) demonstrated that 
dihydroquercetin decreased the responsiveness of 
cutaneous capillaries to acute local irritation. 


EXPERIMENTAL 

Chronic Toxicity. — For comparison with toxicity 
data reported on quercetin (7), the following long- 
term feeding experiment with dihydroquercetin was 
conducted. Twenty weanling albino rats of each 
sex from our stock colony served as controls on a 
basal diet having the following percentage composi- 
tion: degerminated j’ello'iv com meal, 73; crude 
casein, 10; linseed oil cake meal, 10; ground alfalfa, 
2; bone ash, 1.5; sodium chloride, 0,5; and cod 
liver oil, U. S. P. 3. Ten weanling rats of each sex 
of the same strain were placed on dietary levels of 
0.125, 0.25, 0.5, and 1.0% of dihj'droquercetin in- 
corporated in the same basal diet. Groups of five 
rats, all of one sex, were kept in cages with pine 
shavings as litter, and with free acce&s to water and 
food at all times. The amount of dihj droqucrcctin 
available dictated the following feedtug periods. 
At the end of 226 days, half of the aniraaV- receiving 
1.0 and 0.5% of the compound and an equ al num- 
ber of controls were sacrificed; the remain,der on 
these concentrations being sacrificed after 450 flays. 
After 249 days, half of the animals on diets contain- 
ing 0.25 and 0.125% and an equal number of con - 
trols were sacrificed, the remainder being continued 
for 650 days. The range of dosage levels emploj-ed! 
was deemed adequate in view of the close chemical! 
relationship of dihydrQqugfcetin to quercetin and. 
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the reported hick of toxicity of tlic latter (7) at a 
dietary level of 1 %. 

At weekly intervals throughout the course of the 
experiment the rats were weighed individually and 
carefully examined. At this time the food con- 
sumption of each group of five rats was determined. 

Throughout the course of the feeding test no 
abnormalities in appearance or behavior of the ex- 
perimental animals as compared with the controls 
were observed. A rather high ineidence of re.spira- 
tory infection, as evidenced bj’ rales, developed in 
the control animals as well as in those on the various 
dietary levels of dihydroquercetin. There were 12 
deaths in a total of 120 rats during the experiment, 
but the deaths bore no relation to the treatment. 
.‘\s compared with the controls, the various dosage 
levels of dihydroqiiercetin had no effect on either 
food intake or rate of growth. The lack of anj' 
effect on growth is shown in Table I, which sum- 
marizes the average initial and final weights of rats 
on the control and experimental diets at the end 
of 220 days. Mo differences were found in body 
length or weights of liver, kidney, spleen, heart, 
adrenal, and testis between animals receiving 1% 
dihj'droquercetin for 220 days and their appropriate- 
controls. 


Tadi.e 1 -Bodv W’icir.iiT Gain of Rais on Con- 
trol AND nrUYDROQUERCETIN-CONTAININr. IIIIITS 
FOR 220 Dav.s 

Mftlcs I'cniulrs 



IlUtlill 

Final 

Initicil 

I-Tliiil 

r Dihydro* 

Av \Vt . 

Av W'l . 

Av Wt , 

Av Wt 

quercetin 

C.m 

C,in 

Clin 

Cm 

Control 

4(1 

:U}2 

42 

251 

0 125 

3!) 

:\ri2 

37 

251 

0 25 

30 

3.50 

37 

2.5,S 

(1 5 

42 

3.50 

40 

240 

1 (1 

42 

301 

40 

24.S 


At 450 days five control rats of each sex, five 
males and four females receiving and four 

males and five females receiving 0..5','i. diliydro- 
qucrcctin were sacrificed and examined for gross 
abnormalities. Paraffin sections of kidney, liver, 
heart, lung, testis, ovary, thyroid, hypophysis, 
adrenal, gut, pancreas, spleen, and bladder were 
stained with hematoxylin-cosin for histo|)athological 
examination. Lung consolidation was observed 
grossly in one control rat of each sex, in one rat of 
each sex receiving 1%, and in one female receiving 
0.5% dihydroquercetin. Cy.sts were found on the 
liver and kidney of one control female, and on the 
uterus and ovary of another control. Bladder 
stones were found in the male controls and a kidney 
tumor in one male control. 

Histopathological c.xamination of the stained 
tissue sections showed that a majority of the control 
rats had mild focal pyelonephritis. The kidney 
tumor noted grossly in a male control was a tubular 
adenoma of questionable malignancy. The lung 
consolidations noted grossly were suppurative, and 
the cysts were of inflammatory origin. No changes 
of significance were found in any of the organs of 
male rats fed 0.5 and 1.0% dihydroqucrcctin, nor 
were any significant changes found in other organs 
of female rats fed 0,5% dihydroquerectin. The 
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livers of the female rats fed 1.0% of the compound 
showed vacuoles, probably due to fat deposition, 
scattered throughout. With the possible exception 
of this vacuolization, neither the gross nor micro- 
scopic e.vamination revealed any significant changes 
.ittributable to the dihydroquercetin. 

Metabolic Fate. — Booth, Murray, Jones, and 
DcFds (8) have demonstrated that oral adminis- 
tration of quercetin to rats, rabbits, quinea pigs, and 
humans results in the urinary excretion of 3,4- 
dihydro.\\-|)henylacetie acid, iii-hydroxyphcnylacctic 
icid, and 3-uiethoxy-4-hydroxyi)henylacetic acid 
> liomovauillic acid). It Inus also been shown by 
Dcluls, Booth, and Jones (Hi) that these same me- 
tabolites are excreted following oral administration 
of DOHA (3,-l-dihydroxyphcuylalauine). 

When the urine of two human volunteers was 
esamined by the chromatographic procedures de- 
scribed previously (.S), before and after the ingestion 
of 2 Gm. of dihydroquercetin, it was found that the 
•-.mie metabolites were excreted as in similar cx- 
I c riments uith quercetin and with DOP.A. 


SUMMARY 


No siKiiificant toxic results were observed from 
diliydroquercetin,' wliieli is closely related to 
quercetin in clieinical structure, when fed to al- 
bino rats at a dietary level of 1% for long periods 
of time. It lias also been shown that the meta- 
bolic fate of (lihydrot|uercctin is the same as that 
of <iuercetiu anil DOF.A. It is tempting to specu- 
late that the lack of toxicity of both ciucrcctin 
and dihydrociucrcctin is due to the fact that both 
compounds serve as substrates in the same meta- 
bolic pathways that account for the metabolism 
of nOPA. 
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Catalase in Cunninghamella Blakesleeana H-334* 


By ARLINGTON A. FORIST 


Techniques for the determination of crystal- 
line catalase activity have been extended to 
crude cell homogenates and employed in an 
examination of catalase in Cunninghamella 
blakesleeana H-334. Variation in catalase 
content during growth of this microorganism 
indicates that the older, mature cells are the 
catalase producers. Catalase does not appear 
to be involved in the 1 1/3-hydroxylation of 
steroids by Cunninghamella blakesleeana 
H-334. 

C UNNINGHAMELLA BLAKESLEEANA Strain H-334 
(ATCC 9245) contains enzyme systems 
capable of direetly introducing the 11/3-hydroxyl 
group, necessary for biological activity, into the 
steroid nucleus. Incubation of Reichstein’s 
compoimd S (ll-desoxy-lTa-hydroxycorticoster- 
one) with this microorganism yields hydrocorti- 
sone (l7o:-hydro.xy-corticosterone) (1). An ex- 
amination of enzymes present in this microorgan- 
ism has included a study of its catalase. The 
present report describes the method of determi- 
nation and some of the properties of catalase in 
CunninghameUa blakesleeana H-334 along with 
the change in catalase content during growth of 
the microorganism. 

Bonnichsen, Chance, and Theorell (2) have 
described an excellent method for the measure- 
ment of crystalline catalase activity based on a 
high enzyme-low substrate ratio and a short 
reaetion time. By this procedure, disappearance 
of hydrogen peroxide was obseiw^ed to follow a 
first order rate. The present communication 
describes an extension of this technique to the 
measurement of catalatic activity in crude sys- 
tems. 

EXPERIMENTAL 

Cultures. — Most of the C. blakesleeana H-334 
samples examined were grown in shake flasks on a 
complex medium (soybean meal, 5 Gm.; brewer’s 
yeast, Pabst, 5 Gm.; dextrose, 20 Gm.; NaCl, 
5 Gm.; KH 2 PO 4 , 5 Gm. ; tap water, 1,000 ce.; pH 
adjusted to 6.4) as described by Mann, el al. (3). 
Some samples were also grown on Czapek-Dox 
solution (NaNOa, 3.0 Gm.; K.HPOa-OHjO, 1.3 
Gm.; MgSOi, 0.5 Gm. ; KCl, 0.5 Gm.; FeSOr 
7 H 5 O, 0.01 Gm.; sucrose, 30 Gm.; distilled water, 
1,000 cc.; pH adjusted to 7.2) (4). 

Preparation of Crude Catalase. — The mycelia of 
C. blakesleeana H-334, usually pellet-like, were 


* Received May 31, 1957, from the Research Laboratories, 
The Upjohn Company, Kalamazoo, Mich. 

The author is indebted to E. J. Collins for the nitrogen 
determinations. 


separated from the medium by filtration on cheese- 
eloth or by centrifugation, washed with distilled 
water on the filter or bt’ centrifugation, and re- 
suspended in cold jl//15 phosphate buffer, pH 7.0. 
The cell suspension was then homogenized with a 
pestle homogenizer or for five minutes in a M^aring 
Blendor. The resulting homogenate was the crude 
enzyme. 

Measurement of Catalatic Activity. — An aliquot 
of the crude enzyme solution, usually 5 cc., was 
mixed with sufficient jlf/15 phosphate buffer, 
pH 7.0, to make a total of 48 cc. of solution in a 
29 X 200 mm. test tube. The resulting solution was 
c.joled to 0° in a crushed ice- water bath (Dewar 
flask). A 2-cc. portion of 0.25 N hydrogen peroxide, 
also at 0°, was blown from a volumetric pipet into 
the reaction mixture, the stop watch started, and 
the solution thoroughly mixed. Five 5-cc. aliquots 
of the reaction mixture were withdrawn in rapid 
succession over a period of two to three minutes 
and added to 5-cc. portions of 2 N sulfuric acid. 
The time at which the meniscus passed an etched 
line on the pipet bulb was recorded for each sample. 
The hydrogen peroxide remaining at each time was 
determined by adding 10 cc. of 10% potassium io- 
dide and a drop of 1% ammonium molybdate to the 
acidified samples, and, after three minutes, titrating 
the liberated iodine to a starch endpoint with 0.005 
N sodium thiosulfate. 

Attempts to titrate residual hs'drogen peroxide 
with potassium permanganate were unsuccessful 
due to consumption of the oxidant by cellular debris. 
However, the iodometric procedure (5) gave satis- 
factory results. The allowable variation in the 
time of titration of liberated iodine following addi- 
tion of potassium iodide to the acidified samples was 
tested. Reduction of hydrogen peroxide was 
complete after two minutes, but a gradual evolution 
of iodine, due to air oxidation of iodide ion, continued. 
Tlierefore, titrations were routinely made between 
three and five minutes after addition of the potas- 
sium iodide. 

Calculation of Results. — No deviations from a 
first order disappearance of hydrogen peroxide were 
observed. In every case a plot of the common 
logarithm of the sodium thiosulfate titer vs. time 
of quenching of the enzymatic reaction in acid gave a 
straight line. The exact normalities of the reagents 
involved were not required. Typical rate curves 
are shown in Fig. 1. The first order pseudo con- 
stant, k, the slope of the rate curve, was directly 
proportional to the catalase content as indicated 
in Table I. Therefore, results have been expressed 
in terms of k evaluated under the conditions de- 
scribed above. Actually, k is the product of the 
specific reaction rate constant and the catalase 
concentration. 

Variation in Catalase Content with Growth of the 
Microorganism. — A typical experiment in which 
variation in catalase content with growth of C. 
blakesleeana H-334 was evaluated is presented. 
A total of 400 cc. of seed grorni sixty-six hours in 
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slnkc flasks on Cz.ipck Dos solution uitli 0 
added aspirtic acid « is iddcd to a 12 s 12 iiitlt 
bitters jir fcriiKiitcr coiit iiiiing 8 I, of CAipek 
Dos solution Hitli 0 1 % uldtd as]) irtiL itid 'I he 
niisturc MTS agit ited at 27') r p in ind aer ited at 
0 5 L of air per inuiutc it 20-02° Periodii ills , 
aliquots of the cell suspension ssere reniosed and 
the citahse content determined as outlined alios e 
Nitrogen content of the cells ss is deterinined bs t 
micro KjeldTliI procedure 

RPSULTS AND DISCUSSION 

Preparation of Crude Enzjme.— Results of a senes 
of determinations designed to indic itc the best 
method of prep iration of the crude CTtal isc arc 
shossn III Table II Prom these d it i it cm be coii 
eluded tliTt (n) little actisitj is me isiirable ssitliout 
some ts pc of cell rupture, (i) liomogenirTtioii in 
distilled ssater or buffer is equ ills cffectisc. (c) 
buffer tends to extract more of the ears me into solu- 
tion, and (</) pestle honiogcni/ ition follossing tre it- 
meiit 111 a Waring Blendor docs not liber itc .iddi 
tion il enz>mc In routine dcteriniintions, pestle 
homogenization ss is selected because the resulting 
solutions ssere easier to pipet, and buffer ssas em- 
ployed since Ssendsen (G) has suggested tint the 
presence of silts lossers catalisc loss due to adsorp 
tion on glass surfaces 

Properties of the Crude Catalase — Actis itj of 
the crude cat ilase from C bhikeslceana lP-334 is 
independent of pH os er the range 0 2-7 7 The 
crude enzjmc is stable for at least tsso dijs sshen 
stored under refrigeration Catalatic actis itj is 


Tahii' II — Variation in Activits of Crudp 
CaTAI ASF SSITII Mi TIIOI) of PRrpARATION 
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2i Cell homogen lie (W.iring 07 

Blendor ~t mm , distilled 
M.iter) 

21) Cell honiogen Itc (Waring 70 

Blendor ~i min , phos- 
ph ite buffer) 

2c Siipern it.iiit from 2i 2 

2d .Siipern it iiit from 2b 28 

2( Preciinl ile from 2b -12 

2f 2e resuspended ind pestle -1") 

hoinogeni/ed 


lies! rosed bs boiling (I ig 1) .ind is inhibited hs 
2, 1 diehlorophenol (7) lilectron bomb irdinciit 
of sshoh tells (2 000,000 r e p -‘P) seconds) dots 
not rediite the c it il ise content 

Vanation in Catalase Concentration ssith the 
Gross th of C. Blnkesleeana H-334. — The change in 
e it.il ise concentr ition during the grossth of C 
hlnkr^trtiiiKi II. '13 1 on .i modified Czapek Dos 
mednini is shossn m I ig 2 .dong ssilh the change in 



TIME - HOURS 

Pig 2 — \ an ition in e it.il ise content and cellular 
nitrogen elnriiig gross th of C blakr^lecaita H 334 on 
a ss nthetic incdium (Czapek-Dos solution plus 0 1% 
isp irtie acid) 


eelhilir nitrogen Cit.ilise conecntration follosss 
1 tjpicil S shaped grossth curse During the loga 
rithmic ph ise, both citalasc anti cellular nitrogen 
increase at approsimatcls' the same rate Hoss- 
eser, this logintlimic phase begins considcrabb 
later in the case of catalase and continues for some 
time after cellular nitrogen has begun to plateau 
Appircntls the older, mature cells arc the catalase 
producers The higher catalase concentration carlj 
in the grossth period is belies cd due to the presence 
of the 111 itiire, catalase rich cells from the seed 
Nielson (8) h.is reported that j oung cells of C 
blakcsiecaiia H-334 are the most actis e in the con 
scrsion of 11 desoxs -17a-hs dro\j corticosterone to 
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17a-hydroxycorticosterone. It therefore appears 
that catalase is not involved in this transformation. 

SUMMARY 

The technique of Bonnichsen, Chance, and 
Theorell (2) has been extended to catalase 
measurements in crude cell homogenates. Prop- 
erties of the catalase of C^innhighameUa blakes- 
leeana, strain H-334, have been examined. 
Variation in catalase content of cells during the 
growth of the microorganism has been deter- 
mined. 
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Investigation of Human Skin Lipids I* 

By JAMES E. TINGSTAD, DALE E. WURSTER, and TAKERU HIGUCHI 


A method of harvesting relatively large quantities of skin lipids from human volun- 
teers is presented. Experimental evidence indicate that the collected lipids are 
composed mainly of those produced by the sebaceous glands and that the lipids 
obtained from the arm and back regions of the body are similar in chemical com- 
position. No significant chemical decomposition of the skin lipids was detected 
when the material was stored at low temperatures. The chemical species which 
are responsible for observed seasonal variations in the composition of human skin 
lipids have been determined. 


' I *HE MECHANISM wlicreby drugs penetrate the 
skin following external application has been 
under investigation for several decades. It is 
generally accepted that three possible routes 
of penetration exist: (1) along ducts of eccrine 
sweat glands into the glands and then into the 
surrounding tissue fluid, (2) directly through the 
layers of skin, and (3) doira hair follicles and 
sebaceous ducts, then through the sebaceous 
glands and into the surrounding tissue fluid. 

Both Rothman (1) and MacKee (2) have in- 
dicated the importance of the follicular pathway 
in the penetration of skin by drugs. In later 
work, MacKee, cl al. (3), working with dyes, 
sulfas, and heavy’ metals, indicated that most 
of the penetration by these agents occurred via 
the follicular route. More recently’ it has been 
stated (4) that perifollicular whealing follows the 
application of histamine to the skin. The latter 
strongly’ suggests that transfollicular penetration 
occurs. 

* Received May 1, 1957, from the laboratories of the 
School of Pharmacy, University of Wisconsin, Madison. 

Presented to the Scientific Section, A. Pir. A., New York 
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This work was completed under United States Arm 3 ’ 
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Based on a dissertation submitted by James E, Tingstad 
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partial fulfillment of the requirements lor the degree of 
Doctor of Philosophy. 


If the follicular route is an important one in 
the absorption of drugs through the skin, it is 
likely' that skin lipids, both in the lipid surface 
film and in the follicles, play’ an important part in 
determining speed and extent of absorption. It 
would thus be desirable, as an initial step in a 
broad study of skin penetration, to determine 
the behavior of drugs in skin lipids. In order to 
make these extensive in vitro studies, adequate 
amounts of human skin lipids must first be col- 
lected. 

This paper presents (o) a method of harvesting 
skin lipids from human volunteers on a large scale ; 
(ft) a study’ of the variations in the chemical com- 
position of the collected material as a function of 
the method employ’ed, the time of the year, and 
the body area e.xtracted; and (c) the results of an 
investigation of the chemical nature of the com- 
ponents responsible for the obsen’ed variation. 

EXPERIMENTAL 

Collection of Skin Lipids. — The skin lipids were 
obtained from human volunteers bj- means of direct 
extraction from the arms with a volatile solvent. 

Mass lipid extractions were made at irregular 
intervals over a period of nearly two years, during 
which time the skin lipids from the arms of more 
than 1,000 student volunteers were obtained. Each 
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mass extraction contained tlic pooled lipids of ap- 
proximately 50 subjects 

Solvent. — Ethyl ether (reagent grade), uhich was 
distilled just before use to avoid the dangers asso- 
ciated with peroxide formation, uas used as the 
extracting medium 

Collection Procedure. — The h.mds and arms of 
each subject were a ashed with a sodium laurjl sul- 
fate solution, rinsed with distilled w.iter, and dried 
The hands were then immersed in ether for thirty 
seconds to insure complete removal of coiit.uiimaiits 
from this area This portion of the ether w.ish w.is 
discarded 

The hand and arm were then miin(.rscd in the 
purified ether (1,750 ml ) contained m .i gl.iss tube 
100 mm 111 diameter and 50 cm high \ woixlcii 
block was used to hold the extraction tube in pl.ice 
The arm was maintained in the tube for one minute; 
the procedure was then repeated on the other arm. 
The ether in the tube was replaced after 15 subjects 
had been subjected to the extraction procedure 

The lipids were recovered from the ether solutioii 
by elistiUmg oft the soKeiit When the \<ilume w.is 
sufficiently reduced (1.50 ml ), the conceiilr.ited lipid 
solution was filtered through ,i medium porosity, 
sintered glass filter The ele.ir filtr.ite w.is then 
carefully he.itcd, with agil.ition, under .i stre.iiii of 
nitrogen to rctnoe c all traces of sob cut 

Analysis of the Lipids.— The gross ehcuueal com- 
position of each sample of collected skin hpids was 
determined bj infrared analjsis .ind In acid and 
iodine number deleriiiiiiatioiis Infrared spectra 
were obtained on a Baird Associ.ites infrared spe-ctro- 
photometer, emploj mg a sodmiii chloride prism and 
carbon letrachloride as the seiUeiit .\cid numbers 
were determined b> the U S P X\' method, 
except that 0 01 V pot.issium Indroxide w.is used 
as tlie standard b.ise Iodine immbers were eleter- 
iniiied bj the method of Y.isiid.i (5),c\cciit th.it 0 2 A' 
pjndine sulfate dibroniidc solution was used as the 
halogeii.itiiig agent 

Effect of Extent of Extraction on Composition. — 
It was desirable to determine whether the extracted 
hpids were csseiiti.illv those being jirodiiced bv the 
sebaceous gland I'or this reason hpids from the 
arms of four subjects were extracted in the usual 
manner .\ftcr a two-hour niters al, during which 
time great care was taken to avoid cont.iiimi.itioii of 
the hands or arms, the arms were again nniiicrsed 
in a new supply of ether for two and one-half iiiin- 
utes The extracts were then aiialj red chemically 
and by infrared 

For another scries of cxpcrimciits, the anus of an 
individual were extracted by the st.iiid.ird pro- 
cedure at two-day intervals for a jicriod of six days 
The material collected was then subjected to infrared 
analysis and acid number dcterniination 

Lipids from the Arm and the Back. — In order to 
determine whether the lipid samples obtained from 
the arm were similar to the skin lipids from other 
parts of the body, both spectrophotoinetric and 
chemical comparison of the lipids from the arm were 
made with lipid samples from the back Since ex- 
traction of lipids from the back bj’ iiniiicrsioii was 
not possible, a modified procedure was followed 

The back of each subject was washed and dried in 
the usual manner The subj'ccts were then placed in 
a prone position, and glass cylinders 3 8 cm in diam- 
eter, 10 cm. high, and open at both ends were then 


held firmly against the skin of the back. About 75 
ml of ether was then placed in the cylinder and the 
cylinder was carefully moved over the skin surface 
The time of exposure to the solvent for e-ach area 
was approximately fifteen seconds After the ex- 
traction period, the lijiid solution was removed from 
the cylinder with a pipet The lipids were then 
recovered in the previously described manner. 
Extraction from the arms of the siibj'ect from the 
elbows to tlie shoulders was made by the same pro- 
eediire The gross composition of the two lipid 
-..imples was elctermincd in the usual manner. 

Deterioration During Storage. — To determine 
the effects of stor.ige on skin lipids, two portions of a 
s iiiiide of lipids were stored under different con- 
ditions- one ill a refriger.itor (.5-10°), and the other 
111 a Dewar flask filled with dry ice ( —80°) Chem- 
ic.il and siiectr.il analyses were performed at the end 
of six and fifteen weeks 

Chemical Composition of Skin Lipids. — Al- 
I hough considerable research effort has already been 
directed toward the determination of skin lipid 
eoitiposilion by others (0), it was necc-ssary to cs- 
I iblish the chemic.il nature of the component or com- 
ponents rcsponsilile for the obser\-cd variations in 
lipiel composition A litjuid-liquid coiintefciirrcnt 
ixtr.ictioii texiliiiiepie (7, 8) was therefore employed 
to fr.ictionate the skin li|iids 

.\pproximately one gram of the lipids was dis- 
solved ill petroleum ether (b p 3.5-38°) and sub- 
jected to 11)0 transfer stages in an all-glass, Craig- 
txiie extr.ictor (10/10) Petroleum ether was used 
IS the moi iiig jih.isc and methanol containing 2‘/:9o 
(e v) w.iter as the st.itioiiary phase .\fter the 
tooth transfer, the contents of ceich tube were trans- 
ferred to a t.ired aluminum moisture pan and al- 
lowed to cv.ipor.itc to dryness Tlie solid content 
of e.icli |).in w.is then determined and infrared 
uialxses were done on fr.ictions of interest 

IinSULTS /WD DISCUSSION 

Collection of Skin Lipids. — By using the de- 
seribed extraction procedure, it was possible to make 
extr.ictions from the .arms of approximately CO to 70 
people ill three hours The > icld ax'craged 0 1 Gin 
per person, a single mass extraction thus supplied 
.ibout 0-7 Gm of material In all. over 100 Gni 
of skill li|)ids were collected The lipids were light 
brown in color and had a scniisolid consistency at 
room temperature 

Seasonal Variation in Lipid Composition. — Infra- 
red analysis of e.ich of the lots of lipids indic.ates a 
liossible seasonal x-anation in composition Infra- 
red spectra of tvpical lipid lots arc shown in Figs 
1-,'J The tracings are of little value in detennin- 
nig the absolute chemical composition of the gross 
inixtiirc; however, they are useful both in establish- 
ing the rcl.itivc constancy of each mixture and in 
detecting large x-ari.itioiis in the amounts of dif- 
ferent functional groups present. 

Close cx.imination of a large number of these trac- 
ings rcvc.ilcd that although successive samples col- 
lected over a relatively short period of time (one to 
two months) were quite similar, there occurred 
throughout the year .a considerable variation in the 
leUtive amounts of the materials causing the 5 75- 
iiiicroii and the 5 S5-niicron absorption peaks. In 
certain lots the absorbance .at 5 75 microns w.as 
greater; in others the two absorbances were about 
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Fig. 1. — -Typical infrared spectrum of lipids col- 
lected in February. March, and April, 1955. 
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Fig. 2. — TjTjical infrared spectrum of lipids col- 
lected in August, September, and October, 1955. 
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Fig. 3. — Tj'pical infrared spectrum of lipids col- 
lected in January and February, 1956. 


equal; in still others the absorbance at 5.85 microns 
was greater. 

These variations are apparent in the data shown 
in Table I where the ratios of the absorbances 
Ab.is/A6 85 for 25 different lots of skin lipids ranging 
from a low of 0.62 to 1.06 are given. The seasonal 
dependency of this ratio as indicated by the table 
is more apparent in Fig. 4 where it has been plotted 
against the time of collection. 

The data suggest that the relative concentrations 
of the substances causing the 5.75-micron peak reach 
a maximum during late winter and early spring and 
a minimum during the months of August and Sep- 
tember — the 5.85-micron substance following a 
converse pattern. This pattern of annual rise and 
fall is manifested during both years encompassed in 
the present study. This biochemical response maj' 
possibly be due to changes in the thermal environ- 
ment, the diet of the volunteers during the course 
of the year, the presence of lipases elaborated by 
microorganisms, or a combination of these factors. 



Fig. 4.— A plot showing the seasonal dependency 
of the absorbance ratio of the 5.75 micron to the 
5.85 micron peak in the infrared (lipids from mass 
collections). See Table I. 


Since each sample represented total lipids col- 
leeted from about 50 subjects, it was believed that 
the effects of variations among individuals were not 
reflected in the data shown. This assumption was 
verified by work done later on individuals Results 
of that study will be presented in a subsequent paper. 

Acid numbers obtained for some of the lipid 
samples are presented in Table I. Analyses were 
not made on every sample, since some lots were 
collected specifically for other studies. In this table 
the acid numbers of the lipid samples subjected to 
anaij'sis appear to varj’ with the infrared absorbance 


Table I. — Results of Analysis of Mass Extrac- 
tions 


Date 

In/rared 
Peak Ratio, 

Ai ^i/Ai 8s 

Acid 

Ko. 

Iodine 

No 

7/6/54 

7/10 

7/16 

0.67 

0.74 

73 

52 

7/28 

0.68 

93 

60 

8/9 

0.81 

78 

54 

10/1 

0.62 

109 

54 

12/1 

0.79 

61 

60 

2/9/55 

1.02 

49 

68 

3/9 

0.96 

56 

60 

4/6 

0.95 

62 

69 

4/28 

1.01 



5/11 

1.06 



5/25 

0.83 



6/29 

0 83 

77 

50 

7/13 

0.73 

88 

42 

7/27 

0.71 

98 

43 

8/10 

0 67 

82 

52 

9/21 

0.75 



10/5 

0.76 



10/19 

0.79 



11, /2 

0.92 



11/30 

1.02 



12/14 

1.03 



1/11/56 

1.00 



1/25 

0.95 



2/8 

1.00 




ratio discussed above. This is more evident in 
Fig. 5 where the acid number has been plotted 
against the reciprocal of the ratio. The data sug- 
gest that the component or components responsible 
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mass extraction contained the pooled lipids of ap- 
proximately 50 subjects 

Solvent. — Ethyl ether (reagent grade), which was 
distilled just before use to avoid the dangers asso- 
ciated with peroxide formation, was used as the 
extracting inedium 

Collection Procedure. — The h.iiids and arms of 
each subject were washed with a sodnini laurvl sul- 
fate solution, rinsed with distilled water, .md dried 
The hands were then immersed in ether for thirty 
seconds to insure complete removal of eont.tmin.iiits 
from this area This portion of the ether wash w.is 
discarded 

The hand and arm were then immersed m Ihe 
purified ether (1,750 ml ) coiuaiiied in .i gl.iss tube 
100 mm in diameter and .50 cm high V wooden 
block was used to hold the cxtr.iction tube in pi ice 
The arm was mamtained in the tube for one niinnte, 
the procedure was then repealed on the other .inn. 
The ether in the tube was replaced .iftcr 1 5 subjects 
had been subjected to the extraction iireicediire 

The lipids were recovered from the ether seihilion 
by distiilmg off the soherit U7icri the mhime w.is 
sufficientlj reduced (1.50 ml ), the ceniceiilr.ited lipid 
solution was filtered through a mediiim porosity, 
sintered glass filter The cle.ir filtr.ile w is then 
carefulh heated, with .igitation, under .i strc.tni of 
nitrogen to reiiun c all tr.ices of sob enl 

Analysis of the Lipids. — The gross chemic.il com- 
position of each sample of collected skin h()tds w.is 
determined b\ infrared aiiahsis .iiid h\ aeid and 
iodine number dctermin itioiis fnfr.ired spectr.i 
w ere obtained on a Baird Associates infnired spectro- 
photometer, emphn mg a sodium chloride iirism and 
carbon tetrachloride .is the sole cut .\cid ntnnbcrs 
were determined In the U S P X\' method, 
except that 0 01 Y iiotassiuiii Indroxidc w.is used 
as the stand ird base Iodine numbers were deter- 
mined b) tilt method of Yasuda (.5), except lh.it 0 2 A' 
pyridine sulfate dihroniidc solution was used as the 
halogen.itmg .igcnt 

Effect of Extent of Extraction on Composition. — 
It was desirable to dctcrinine whether the extr.icled 
lipids were esscnti.ilb those being (iroduced bv the 
sebiiccous gland I'or this rt.ison hinds from the 
aims of four subjects were extracted in tin usual 
manner .\fter a two-hour interv.il, during which 
time great care was taken to atoid cont.imin.ition of 
the hands or arms, the arms were again immersed 
in a new supplj of ether for two and one half min- 
utes The extracts were then anab/cd chemically 
and by infrared 

For another senes of experiments, the .irms of an 
individual were extracted b\ the standard pro- 
cedure at tw o-day intervals for .i period of six davs 
The material collected was then subjected to infrared 
analj'sis and acid number determination 

Lipids from the Arm and the Back. — In order to 
determine whether the lipid samples obtained from 
the arm were similar to the skin lipids from other 
parts of the body, both spectrophotomctric and 
chemical comp.arison of the lipids from the arm were 
made with lipid s.amples from the back Since ex- 
traction of lipids from the back bj imincrsion was 
not possible, a modified procedure w.as followed 

The back of each subject was washed and dried in 
the usual manner The subjeets w ere then pi iced in 
a prone position, and glass eyhnders 3 8 cm in diam- 
eter, 10 cm. higli, and open at both ends were then 


held firmly against the skin of the back About 75 
ml of ether w.is then pl.iced in the cylinder and the 
cylinder w.is carefully moved over the skin surface 
flic time of exposure to the solvent for each area 
W.IS approxini.itely fifteen seconds After the ex- 
tr.ietion period, the lipid solution was removed from 
the cjhnder with .i piptt The lipids were then 
recovered in the previously' described manner. 
Extraction from the .irins of (he subj'cct from the 
ilbows to the shoulders was made by the same pro- 

< ediire The gross composition of the two lipid 
ramples w.is determined in the usual manner 

Deterioration During Storage. — To determine 
the effects of storage on skin lipids, two portions of a 
simple of lipids were stored under different con- 
ditions one in a refrigerator (.5-10°), and the other 
111 .1 Dew.ir fl.isk filled with dry icc ( —80°) Chem- 
le.il and spictr.il .in ib ses were perfonned at the end 
• >f SIX and fifteen weeks 

Chemical Composition of Skin Lipids. — Al- 
ilioiigh considerable rese.irch effort has already been 
directed tow.ird the determination of skin lipid 

< omposKiofi bv others ((1), it h.ts riecess.arj' to cs- 
I iblish thechemic.il n.iliireof the component or com- 
Ixiiients responsible for the observed vari.ations in 
hpid composiiion A lirpiid-liquid countercurrent 
ixtr.iction tecliiiitiiie (7, S) was therefore employed 
to fr.iction.ite the skin lipids 

'pproxmi.iteb one gram of the lipids was dis- 
solved III petroleum ether (b p 3.5-.38°) and sub- 
jected to 100 transfer stages in .in all-glass, Craig- 
t'pe extractor (10/10) Petroleum ether was used 
is the nun mg ph.ise and methanol containing 2'/:% 
<\ v) w.iter ns the st.itionary phase .\ftcr the 
looth transfer, the contents of esicli tube were trans- 
ferred to ,i t.ired nlumimim mnistiirc pan and al- 
I weed to cv.ipor.ite to dryness The solid content 
of e.ich p.in W.IS then determincel and infrared 
111 lb ses were ilone on fractions of interest 

RESULTS AND DISCUSSION 

Collection of Skin Lipids. — By using the dc- 
si ribed extraction procedure, it was possible to make 
ixiractions from the arms of approximately GO to 70 
people- III three hours The \icld averaged 0 1 Gin 
per person. .i single mass extraction thus supplied 
iboiit 0-7 Gin of inateri il In all. over 100 Gm 
of xkiii lipids were collected The lipids were light 
brown in color .ind had a seinisohd consistency at 
room temperaturc 

Sensonnl Variation in Lipid Composition. — Infra- 
red .itiabsis of e.ich of the lots of lipids indicates a 
possible seasonal v.ariation in composition Infra- 
red speclr.a of tvpical hpid lots are shown in Figs 
1 .1 The tracings arc of little x.ihie in dctcrmin- 
nig the absolute chemical composition of the gross 
mixture, however, thev are useful both in est.abhsli- 
mg the relative constancy of each mixture and in 
detecting large van.itions in the amounts of dif- 
ferent functional groups present 

Close examination of a large miniber of these trac- 
ings revealed that although successive samples col- 
keted over a relativclv short period of time (one to 
two iiioiiths) were quite similar, there occurred 
throughout the yc.ir a considerable v-ariation in the 
relative amounts of the materials causing the 5 7.5- 
iiiicron and the 5 S.5-niicron absorption peaks. In 
certain lots the absorbanec at 5 75 microns was 
greater, in others the two absorbances were about 
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Fig. 1. — Typical infrared spectrum of lipids col- 
lected in February, March, and April, 1955. 



Fig. 2. — T 3 TJicaI infrared spectrum of lipids col- 
lected in August, September, and October, 1955. 


W*V| Mjuun IH CM< 
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Fig. 3. — Typical infrared spectrum of lipids col- 
lected in January and FebruarJ^ 1956. 


equal; in still others the absorbance at 5.85 microns 
was greater. 

These variations are apparent in the data shown 
in Table I where the ratios of the absorbances 
Ah ^h/Ah 85 for 25 different lots of skin lipids ranging 
from a low of 0.62 to 1.06 are given. The seasonal 
dependency of this ratio as indicated by the table 
is more apparent in Fig. 4 where it has been plotted 
against the time of collection. 

The data suggest that the relative concentrations 
of the substances causing the 5.75-micron peak reach 
a maximum during late winter and early spring and 
a minimum during the months of August and Sep- 
tember — the 5.85-micron substance following a 
converse pattern. This pattern of annual rise and 
fall is manifested during both j'ears encompassed in 
the present study This biochemical response may 
possibly be due to changes in the thermal environ- 
ment, the diet of the volunteers during the course 
of the year, the presence of lipases elaborated b 3 ^ 
microorganisms, or a combination of these factors. 



Fig, 4 . — A plot showing the seasonal dependenC 3 ' 
of the absorbance ratio of the 5.75 micron to the 
5 85 micron peak in the infrared (lipids from mass 
collections). See Table I 


Since each sample represented total lipids col- 
lected from about 50 subjects, it was believed that 
the effects of variations among Individuals were not 
reflected in the data shown. This assumption was 
\ erified by work done later on individuals Results 
of that study will be presented in a subsequent paper. 

Acid numbers obtained for some of the lipid 
samples are presented in Table I. Anab'ses were 
not made on every sample, since some lots were 
collected specificall 3 ' for other studies. In this table 
the acid numbers of the lipid samples subjected to 
analysis appear to vary with the infrared absorbance 


Table I. — ^Results of Analysis of Mass Extrac- 


TIONS 


Infrared 

Peak Ratio, 

Acid 

Iodine 

Date 

Ai u/ A% 

No. 

No. 

7/6/54 

7/10 

0.67 



7/16 

0.74 

73 

52 

7/28 

0.68 

93 

60 

8/9 

0.81 

78 

54 

10/1 

0.62 

109 

54 

12/1 

0.79 

61 

60 

2/9/55 

1.02 

49 

68 

3/9 

0.96 

56 

60 

4/6 

0.95 

62 

69 

4/28 

1.01 



5/11 

1.06 



5/25 

0.83 



6/29 

0 83 

77 

50 

7/13 

0.73 

88 

42 

7/27 

0.71 

98 

43 

8/10 

0.67 

82 

52 

9/21 

0.75 



10/5 

0.76 



10/19 

0.79 



11/2 

0.92 



11/30 

1.02 



12/14 

1.03 



1/11/56 

1.00 



1/25 

0.95 



2/S 

1.00 




ratio discussed above. This is more evident in 
Fig. 5 where the acid number has been plotted 
against the reciprocal of the ratio. The data sug- 
gest that the component or components responsible 
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mass extraction contained tlic pooled lipids of ap- 
proximately 50 subjects. 

Solvent.— Ethyl ether (rcaBciit grade), which was 
distilled just before use to avoid the dangers asso- 
ciated with peroxide formation, ivas used as the 
extracting medium. 

Collection Procedure. — The hands and arms of 
each subject were washed with a sodium lauryl sul- 
fate solution, rinsed with distilled water, and dried. 
The hands were then immersed in ether for thirty 
seconds to insure complete removal of contaminants 
from this area. This portion of the ether wash was 
discarded. 

The hand and arm were then immersed in the 
purified ether (1,750 ml ) contained in a glass tube 
100 mm. in diameter and 5(1 cm high .\ wooden 
block was used to hold the c.xtraction tube in place. 
The arm was maintained in the tube for one inimite; 
the procedure was then repeated on the other .irm. 
The ether in the tube was replaced after 1.5 subjects 
had been subjected to the extraction proceilure 

The lipids were recovered from the ether solution 
by distilling off the solvent When the voluine was 
sufficiently reduced (150 ml ), the concentrated lijiid 
solution was filtered through a medium-porosity, 
sintered glass filter The clear filtr.vte was then 
carefully heated, with agitation, under a stream of 
nitrogen to remove all traces of solvent 

Analysis of the Lipids. — The gross chemical com- 
posilioii of each sample of collected skin hpids was 
determined by infrared analysis and by acid and 
iodine number determinations Infrared spectra 
were obtained on a Baird Associates infrared spectro- 
photometer, cinploj mg a sodium chloride jirism and 
carbon tetrachloride .is the solvent .\cid nimibcrs 
were determined by the U S P XV method, 
c.\cept that 0 01 .V potassium hydroxide was used 
as the standard base Iodine itiiinbers were deter- 
mined by the method of Yasiida (.')), except that 0 2 A' 
pyridine sulfate dibromidc solution was used as the 
halogenating agent 

Effect of Extent of Extraction on Composition. — 
It was desirable to determine whether the extracted 
lipids were csscnti.dly those heing produced by the 
sebaceous gland I'or this reason liiiids from the 
.inns of four subjects were extracted in the usual 
manner After a two-hour interval, during which 
time great care was taken to avoid coiitaniiiiatioii of 
the hands or arms, the arms were again immersed 
in a new supply of ether for two and oiie-lialf iniii- 
utes The extracts were then analyzed chemically 
and by infrared. 

For another series of cxpcriinciits, the arms of an 
individual were extracted by the standard pro- 
cedure at two-day intervals for a jicriod of six days. 
The material collected was then subjected to infrared 
analysis and acid number determination 

Lipids from the Arm and the Back. — In order to 
determine whether the lipid samples obtained from 
the arm were similar to the skin lipids from other 
parts of the body, both spcctrophotonictric and 
chemical comparison of the lipids from the arm were 
made with lipid samples from the back. Since e.x- 
tr.action of lipids from the back by immer.sion was 
not possible, a modified procedure was followed. 

The back of each subject was washed and dried in 
the usual manner. The subjects were then placed in 
a prone position, and glass cylinders 3.8 cm. in diam- 
eter, 10 cm. high, and open at both ends w’cre then 


held firmly against the skin of the back. About 75 
ml. oi ether was then pl.aced in the cylinder and the 
cylinder was carefully moved over the skin surface. 
The time of c.xiiosure to the solvent for each area 
was approximately fifteen seconds. After the ex- 
traction period, the lipid solution was removed from 
the cylinder with a pijiet. The lipids were then 
recovered in the previously tlescribed manner. 
Extraction from the arms of the subject from the 
I Ibows to the shoulders was made by the same pro- 
I ediire. The gross composition of the two lipid 
mmples was determined in the usual manner. 

Deterioration During Storage. — To determine 
the effects of storage on skin lipids, two portions of a 
s.iinple of lipids were stored under different con- 
flitions: one in a refrigerator (.5-10°), and the other 
III a Dcw.ir flask filled with dry ice (—80°). Chem- 
ical and spectral analyses were perfonned at the end 
.■f six and fifteen weeks. 

Chemical Composition of Skin Lipids. — Al- 
iliough considerable rese.arch effort has already been 
directed toward the detcriniiiation of skin lipid 
loiiiposition by others (fi), it w.as necessary to cs- 
I iblish the chemical nature of the component or com- 
ponents res|)onsible for the observed variations in 
hjiid comimsitiou A lit|uid-liquid countercurrent 
( xtraclion technitine (7, S) was therefore employed 
1. 1 fractionate the skin lipids. 

.\pproxiinately one grant of the lipids w.as dis- 
solved in petroleum ether (b. p. 3.5-38°) and sub- 
ucteii to 100 transfer stages in an all-glass, Craig- 
t\i)e extractor (10/10). Petroleum ether was used 

the moving phase and methanol containing 2V:9ci 
<x v) water as the st.-itionary jihase. -After the 
liMith tr.insfcr, the contents of each tube were tmns- 
ti rred to a fared ahiminmn moisture pan and al- 
1 med to ev.iporate to dryness. The solid content 
.pf each jiaii w.is then ilctermincti .and infrared 
iii.ilyses were done on fractions of interest. 

RESULTS iVND DISCUSSION 

Collection of Skin Lipids. — By using the de- 
Mribeil extraction procedure, it was possible to make 
vxtr.ictions from the arms of approximately GO to 70 
people in three hours The yield averaged 0.1 Gm. 
pir person: a single mass extraction thus supplied 
ibout G-7 Gm of material In all, over 100 Gm. 
of skin lipids were collected The lijiids were light 
Iprown in color and had a semisolid consistency at 
room temiierature 

Seasonal Variation in Lipid Composition. — Infra- 
red analy.sis of each of the lots of lipids indicates a 
possible seasonal v.ariation in composition. Infra- 
red spectra of typical lipid lots arc shown in Figs. 

1 .3 The tracings are of little value in determin- 
ing the absolute chemical composition of the gross 
inixture; however, they are useful both in establish- 
ing the relative constancy of each mixture and in 
detecting large variations in the amounts of dif- 
ferent fiinctional groups present. 

Close e.xamination of a large number of these trac- 
ings revealed that although successive samples col- 
lected over a relatively .short period of time (one to 
two months) were quite similar, there occurred 
throughout the year a considerable variation in the 
relative amounts of the materials causing the 5.75- 
micron and the 5.S5-micron absorption peaks. In 
certain lots the .absorbance at 5.75 microns was 
greater; in others the two absorbances were about 
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Fig. 1. — Tj^pical infrared spectrum of lipids col- 
lected in Februar 3 ', Marcli, and April, 1955. 



Fig. 2 — Tj^pical infrared spectrum of lipids col- 
lected in August, September, and October, 1955. 



Fig. 3. — Typical infrared spectrum of lipids col- 
lected in January and Februar 5 ', 1956. 


equal ; in still others the absorbance at 5 85 microns 
was greater. 

These variations are apparent in the data shorni 
in Table I where the ratios of the absorbances 
Ai n/As 85 for 25 different lots of skin lipids ranging 
from a low of 0 62 to 1 06 are given. The seasonal 
dependency of this ratio as indicated by the table 
is more apparent in Fig. 4 where it has been plotted 
against the time of collection. 

The data suggest that the relative concentrations 
of the substances causing the 5.75-micron peak reach 
a maximum during late winter and early spring and 
a minimum during the months of August and Sep- 
tember — the 5.85-micron substance following a 
converse pattern. This pattern of annual rise and 
fall is manifested during both j’ears encompassed in 
the present study. This biochemical response maj' 
possibly be due to changes in the thermal env'iron- 
ment, the diet of the volunteers during the course 
of the year, the presence of lipases elaborated b 3 '- 
microorganisms, or a combination of these factors. 



Fig. 4. — A plot showing the seasonal dependenc 3 ' 
of the absorbance ratio of the 5.75 micron to the 
5 85 micron peak in the infrared (lipids from mass 
collections). See Table I 


Since each sample represented total lipids col- 
lected from about 50 subjects, it was believed that 
the effeets of variations among individuals were not 
reflected in the data shown. This assumption was 
\ erified by work done later on individuals Results 
of that study will be presented in a subsequent paper. 

Acid numbers obtained for some of the lipid 
s.imples are presented in Table I. Analyses were 
not made on every sample, since some lots were 
collected specificalb’’ for other stndies In this table 
the acid numbers of the lipid samples subjected to 
analysis appear to vary with the infrared absorbance 


Tabi-b I. — Results of Analysis of Mass Extrac- 
tions 


Date 

Infrared 

Peak Ratio, 

Ai ih/ Ai 

Acid 

No 

Iodine 

No 

7/6/54 

7/10 

7/16 

0.67 

0.74 

73 

52 

7/28 

0.68 

93 

60 

8/9 

0 81 

78 

54 

10/1 

0.62 

109 

54 

12/1 

0 79 

61 

60 

2/9/55 

1.02 

49 

68 

3/9 

0 S6 

56 

60 

4/6 

0.95 

62 

69 

4/28 

1.01 



5/11 

1.06 



5/25 

0 83 



6/29 

0 83 

77 

50 

7/13 

0.73 

88 

42 

7/27 

0.71 

98 

43 

8/10 

0 67 

82 

52 

9/21 

0 75 



10/5 

0 76 



10/19 

0 79 



ll,/2 

0.92 



11/30 

1.02 



12/14 

1.03 



1/11/56 

1.00 



1/25 

0.95 



2/8 

1.00 




ratio disenssed above. This is more evident in 
Fig. 5 where the acid number has been plotted 
against the reciprocal of the ratio. The data sug- 
gest that the component or components responsible 
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for the 5.85-niicron absorption arc probablj’ acidic 
in nature. The apparent discrepancies in the plot 
are probably due to the fact that a ebange in the 
amounts of the substances causing the S.T.O-niicron 
absorption peak would affect the ratio much more 
than it would affect the acid number. 

The iodine numbers for some of the lipid sample.s 
are presented in Table I. These values, determined 
primarily as a check on major changes in compo.si- 
tion, agree satisfactorily with those previously re- 
ported for skin lipids (9). 



Fig. 5. — A plot showing the dependency of acid 
numbers on the absorbance ratio. See Table 1. 


Effect of Extent of Extraction on Composition. — 
Results of analyses on the material obtained from 
extractions performed at a two-hour interval arc 
given in Table II. The data suggest that very 
little difference exists between the two lots. 


Table II. — Effect of Successive Extractions 
ON Composition 


Sample 

wt., 

Gm. 

Iodine 

No. 

Acid 

No. 

Infrared 
Ratio of 
Absorbance, 

A|.7j/A» g) 

First 

Extract 

0.400 

70 

49 

1.12 1.10“ 

Second 

Extract 

0.020 

70 

59 

1.09 1.07” 


“ These are the results for duplicate extractions on l!te 
same individuals. 


During the two-hour interval it was noted that the 
.inns, chalky white in appearance immediately after 
I he first extraction, became flecked with brown at 
the entrance.s to the follicular canals. This was 
.ipparcntly due to lipids seeping out of the canal in 
the normal process of resupplying the skin with the 
lipid surface film. 

When extractions ivere made from one individual 
1 very two day.s, neither the amount nor the apparent 
I'liemical composition of the material was signifi- 
i.intly altered by the multiple extraction procedure 
(see Table 111). This strongly suggests that the 
kin lipids are fully regenerated in ‘18 hours at least. 
It would also appear, especially in view of the fact 
that the lipids were observed seeping out of the fol- 
licular canals, that the lipids collected are composed 
mainly of those secreted by the sebaceous glands. 


1 adle hi. — Data Siiowino Unifor.m Rege.nera- 
TiON OF .Skin Lipids 



Initial 

IS Hr. 

Jlr. 

MI Ur. 

Weight, mg 

135 

1.50 

118 

lo5 

.teid \o. 
Infrared .‘\b- 
sorbance 

.50 

■10 

■10 

42 

Ratio, /li.js 

1 2.5 

1 .01 

1.07 

1.20 


Comparison of Lipids from the Arm and the 
Back. — The extraction time for the area of the b.ack 
in this experiment was limited to fifteen seconds due 
to manipulative difficulties encountered and also 
I'ccausc the subject became too uncomfortable if 
longer periods of exposure were used. Then, to 
keep the procedures consistent, extractions from 
the arms were made in the same manner. The 
analytical results shown in Table IV indicate that 
arm ami back li))ids are quite similar. 


Taiile IV. — Comparison of Back and Ar.m Skin 
Lipids 



Arms (I) 

Hack (1) Arms (2) 

D.ick (2) 

•Acid No. 

.39 

39 

a 

Iodine Xo. 
Infrared Ab- 
sorbance 

/O 

87 


Ratio, 

1..54 

1.34 1.05 

1.85 


.I'Is.ss 


“ Amount of miiturial collected here was too small for 
chemical analysis 


Deterioration During Storage. — From the experi- 
mental data obtained, it is apparent that the ex- 
tracted lipids can be stored for extended periods 
without undergoing significant chemical changes. 
Results of the various analyses are given in Table V. 

The initial iodine number is somewhat lower than 
the others, but no significant differences exist be- 
tween the stored lots and the original sample. It 
thus appears that the lipids can be stored for long 
periods of time if kept at cold temperatures. 
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Table V. — Data Showing Effects of Storage on Skin Lipids 








Acid Number 

Iodine Number 

Infrared Absorbance Ratio, Ai.y./As.ss 

Original 

56 

60 

0.94 

6 Weeks 
Dry Ice 

56 

71 

0.98 

Refrig. 

56 

70 

0.98 

15 Weeks 
Dry Ice 

56 

69 

1.01 

Refrig. 

56 

71 

1.00 


Chemical Composition of Skin Lipids. — In Fig. 6 
a typical distribution pattern obtained by the 
countercurrent extraction procedure is shown. It 
was evident from infrared analyses that nearly com- 
plete separation of the materials causing the two 
absorption peaks was accomplished. 

The material found in Tubes 40-42 was crystalline 
in appearance, strongly absorbed infrared light in the 
5.85-micron region, and had an acid number of ISO. 
Further countercurrent extractions were performed 
on this fraction in an effort to purify it. Although 
only one peak continued to appear in the chromato- 
grams, successive extractions did help to purify the 
material. Infrared tracings of the purified material 
indicated that it was composed largely of fatty acids 
of the palmitic, stearic, and arachidic type. A 
neutral equivalent determination resulted in an 
equivalent weight of 306, which is in the range of the 
mixtures of Cie to C 20 fatty acids previously reported 
(10). Furthermore, melting point determinations 
on various fractions resulted in melting points rang- 
ing from 50 to 60°, which is also in the range of mix- 
tures of the above acids. None of these fractions 
gave a positive Lieberman-Burchard test for sterols. 

The material in Tube 90 of the countercurrent 
transfer operation did not appear crystalline, 
strongly absorbed infrared light in the 5.75-micron 
region, and had an acid number of only five. Infra- 
red tracings indicated that esters were the major 
components of this fraction. This was subsequently 
substantiated by saponification. 

About 0.5 Gm. of the material believed to contain 
esters was refluxed with 20% alcoholic potassium 
hydroxide for nine hours. After extraction and 
purification, the nonsaponifiable portion did not 
absorb in the 5.75-micron region; while the 5.85- 



Fig. 6. — A plot showing the distribution of human 
skin lipids between petroleum ether and 97.5% 
methanol (100 transfers). 


micron peak (indicating carboxylic acids), which 
was absent before saponification, appeared in the 
infrared spectrum of the base-soluble portion of the 
mixture. This definitely showed that esters were 
responsible for the 5.75-micron absorption peak. 

The material in Tube 95 of the original counter- 
current transfer operation gave a positive Lieber- 
man-Burehard test, indicating that sterols were also 
present in this fraction. More work is currently 
being done in an effort to further fractionate the 
nonacid portion of the skin lipids. 

These data indicate that the chemical species re- 
sponsible for the observed seasonal variations in 
human skin lipids are free fatty acids and esters of 
fatty acids, since it has now been definitely estab- 
lished that these chemical entities are responsible 
for the observed absorbance peaks at 5.85 and 5.75 
microns, respectively, in the infrared tracings. 

SUMMARY 

A procedure for extracting relatively large 
quantities of human skin lipids is presented. The 
lipids collected were found to vary significantly 
with the season of the j’ear. Successive extrac- 
tions within a short time (two hours and also 
two days) did not alter the composition of the 
lipids, nor did extractions performed every two 
days alter the amount of lipids collected. The 
lipids from the arms were found to be quite similar 
to those obtained from the back. The lipids 
were found to be quite stable if stored at tempera- 
tures below 10°. A countercurrent extraction 
procedure for the fractionation of skin lipids is 
presented. Fatty carboxylic acids and esters of 
those acids, which absorb in the 5.85 and 5.75- 
micron regions, respectively, of the infrared spec- 
trum, are deemed responsible for the obsen^ed 
seasonal variations in human skin lipid composi- 
tion. 
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Investigation of Human Skin Lipids IF 


By JAMES E. TINGSTAD, DALE E. WURSTER, and TAKERU HIGUCHI 

Skin lipids from different individuals vary considerably in chemical composition. 
The seasonal variation in skin lipid composition sugf-ested in a previous report 
has been confirmed. The nonsaponifiable fraction of skin lipids can be further 
fractionated using a liquid-liquid countercurrent extraction procedure. 


Tn A RECENT REPORT from llicsc laboratories (I) 

a possible seasonal variation in the chemical 
composition of human skin lijiicls was suggested. 
However, since the results were obtained oti 
samples containing the iioolcd lipids of a large 
number of persons, the jiossibility existed that 
the observed variations were artifacts resulting 
from variations among the skin lipids of the var- 
ious individuals from whom the lipids were ob- 
tained. Therefore, this study was iiiititifed in 
an attempt to verify the seasonal variation phe- 
nomenon and to ascertain the differences in skin 
lipid composition among individuals. 

It was previously reported (1) that skin lipids 
could be fractionated using a liciuid-li(|uid coun- 
tercurrent extractioji procedure. This resulted in 
an acid and a nonacid portion, the latter con- 
sisting mostly of wax alcohols, sterols, esters, and 
hydrocarbons. The saponifictition of the esters 
Ijroduccd free fatty acids and a nonsapoiuTiable 
fraction consisting mainly of alcohols and hydro- 
carbons. In this rciiort, results of au attem|)t to 
further fractionate this nonsaponifiable fraction 
are presented 

EXPERIMENTAL 

Variations in Skin Lipid Composition Among 
Individuals.- — The arm lipids from ten individuals 
were obtained in the manner previously described 
( 1 ). Extractions were made every four weeks for a 
period of fifteen months. The lipid samples ob- 
tained from each individual were treated separately. 
The gross composition of each sample was followed 
with infrared analysis and acid number determina- 
tions. 

Fractionation of the Nonsaponifiable Fraction of 
Skin Lipids. — A sample (400 mg.) of the iion- 
saponifiable fraction of the skin lipid material was 
dissolved in petroleum ether (b. p. 35-38°) .and sub- 
jected to 100 transfer stages in an all-glass, Craig- 
type extractor (10/10). Petroleum ether was used 
as the moving phase and methanol containing 2*/;% 
(v/v) water as the stationary phase. After the 
100th transfer, the contents of each tube were trans- 
ferred to a tared aluminum moisture pan and al- 
lowed to evaporate to dryness. The solid content 


Ilf each pan was then determined and infrared analy- 
ses were iicrformed on the fractions of interest. 


RESULTS AND DISCUSSION 

Seasonal Variations in Skin Lipid Composition 
Among Individuals. — As previously reported (I) 
Ihe absorbance ratio, /li.isAb.c, obtained from 
infrared studies on pooled human skin lipids, where 
the .5.7.5-niicron peak represents esters and the 5.85- 
inicroii peak represents carboxylic acids, showed a 
111 . irked seasonal variation. The absorbance ratios 
obtained for the ten individuals used in this study 
show the same periodic fluctuation. Results of the 
infrared analyses and acid number determinations 
of lipid samples from two individuals representing 
Ihe exireiiies of Ihe lest group are given in Table I. 


Tmii.Iv I. — Uesui.ts or .\nalvsis or Individual 
I. irii) ICxTRAci.s OinAiNED rnoM Suhjects Repre- 
SENTi.sn Extre.mes or the Test Group 


Date 

.Sample, 

Test 

Subject 

No. 

Infriireil 
Peat Ratio, 

A 1.71 /ill 11 

Acid 

Number 

i/i()/r>n 

li 

2.03 


2/22 

3 

1.19 

•io 

3/1!) 

3 

1.42 

31 

■I/IC. 

3 

1.05 

33 

5/14 

3 

1.23 

51 

0/11 

3 

1.25 

41 

7/9 

3 

1.02 

48 

8 '0 

3 

1.00 

GO 

9/0 

3 

1.14 

GS 

10/4 

3 

1.48 

39 

10/30 

3 

1.24 

41 

11/27 

3 

1 02 

30 

1/9/57 

3 

1 .75 

32 

2/8 

3 

1.55 

34 

1/10/.5G 

0 



2/22 

0 

0.87 

54 

3/19 

0 

0.70 

50 

4/10 

C 

0.G4 

57 

5/14 

0 

0.58 

52 

0/11 

G 

0.47 

72 

7/9 

0 

0.39 

73 

S/G 

0 

0.54 

G4 

9/G 

0 

0.4G 

GG 

10/4 

0 

0.54 

58 

10/30 

0 

0.57 

59 

11/27 

G 

0.77 

57 

1/9/57 

G 

1.03 

40 

2/8 

G 

O.Sl 

45 


* Received July 11, 1057, from the laboratories of the 
School of Pharmacy, University of Wisconsin, Madison. 

This work was completed under United States Army 
Chemical Corps Contract No. DA-18108-CML-5753 

Based on a dissertation submitted by James E. Tin^stad 
to the Graduate School of the University of Wisconsin in 
partial fulfillment of the requirements for the degree of Doc- 
tor of Philosophy. 


It was immediately evident from the collected data 
that great variations in lipid composition exist 
among individuals: however, even though these 
difTercnccs do exist, the lipids of each tested subject 
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folloI^ ed the same general pattern as far as the sea- 
sonal variation is concerned This is particularly 
evident u hen the data is plotted as in Fig 1 Here 
It can be observed that the peaks and vallej s m this 
plot occur at the same time of the year as they did 
in a similar plot for the lipids collected m the pre- 
viously reported mass extractions (1) The same 
phenomenon u as observed in all the members of the 
test group This strongly indicates that a seasonal 
variation m the skin lipid composition of individuals 
does occur in this climate 



Fig 1 — A plot showing the seasonal dependency 
of the absorbance ratio of the 5 75-micron (esters) 
to the 6 85 micron peak (carboxylic acids) in the 
infrared (• Average for the 10 individuals tested, 
O JBL — test subject no 3, © JS — test subject no G 
See Table I ) 


Fraction of the Nonsaponiflable Fraction of Skin 
Lipids. — The separation of the nonsaponiflable 
fraction of skin lipids into tivo fractions is shown in 
Fig 2 Infrared tracings showed that the first 
fraction contained appreciable amounts of alcohols 
and the second fraction contained mostly hydro 
carbons This was further indicated by the fact 



Fig 2 — A plot showing the distribution of the 
nonsaponiflable fraction of human skin hpids be 
tween petroleum ether and 97 5% methanol flOO 
tr insfers) 

that the first fraction gave a positiie Lieberman 
Biirchard test for sterols, w hile the second did not 
Thus It appears that the liquid liquid countercur- 
rent extraction procedure is a suitable method for 
the fractionation of human skin lipids 

SUMMARY 

\ considerable vanation in the chemical 
composition of skin lipids exists among individu- 
als A seasonal variation in skin lipid composi- 
tion, which appears to be common to most people 
m this climate, was demonstrated m ten indi- 
viduals A procedure for the fractionation of 
the nonsaponiflable fraction of human skin 
lipids is presented 
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A Bacteriological Study of Ophthalmic Ointments* 

By RAYMOND W. VANDER WYKf and ANDREW E. GRANSTON 


A method was devised to determine the num- 
ber of bacteria present in a gram of ophthai- 
mic ointment. Eighty-three commercial oph- 
thalmic ointments were tested for contamina- 
tion hy bacteria using this method. Seventy- 
one of these ointments contained bacteria. 
Benzyl alcohol was incorporated into several 
ophthalmic ointments as an antibacterial 
agent. The benzyl alcohol greatly reduced 
the number of bacteria present. 


* Received May 3, 1957, from the Massachusetts College 
of Pharmacj Boston 

Presented to the Scientific Section, A Pn A , l^Tew York 
meeting April 1957 

This paper is based on a thesis presented to the Graduate 
Council of the Massachusetts College of Pharmacy by Andrew 
E Granston in partial fulfillment of the requirements for the 
degree of Master of Science in Pharmacj 

t Associate Professor of Pharmacognosj and Biology, 
Massachusetts College of Pharmacy 


T N RECENT YEARS considerable attention has been 
directed toward the desirability of producing 
and maintaining the sterility of liquid ophthalmic 
preparations (1) Several workers hav^e described 

methods for sterilization including the use of 
heat (2), the use of chemical antibacterial agents 
(3), and the use of bacterial excluding filters (4). 

How ever, a survey of the literature has revealed 
tliat very little work has been published concern- 
ing the testing for sterility of ophthalmic oint- 
ments Some research was done by Lelirfeld 
and Donnell}’^ (5), who tested for tlie most part 
the sterility of parity used tubes of ointment. 
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Since no serious study had been previously 
undertaken to detenninc the sterility of unused 
tubes of ophthalmie ointments, the purpose of 
this research was to examine bactcriologically a 
representative number of commercially available 
ophthalmic ointments; and also to investigate 
the possibility of producing and maintaining the 
sterility of ophthalmic ointments by the in- 
corporation of antibacterial agents. 

EXPHRIMliNTAL 

Preparation. — Into a 2r)0-ml. Erlenmeyer flask 
was poured 25.0 nil. of distilled water and a small 
number of 0.5-mm. glass beads. Tlien the flask 
was plugged and sterilized in an autoclave. 

Testing. — Each ointment to be tested w.as im- 
mersed for one hour in its unopened tube in a 
1 ; 1 ,000 solution of benzalkoniuin chloride in order 
to kill any bacteria present on the surface of the 
tube. 

The tube was removed from the benzalkoniuin 
chloride solution, the lip of the flask and the tip of 
the tube were flamed simultaueously, aud the con- 
tents of the tube were squeezed into the flask. 

Then the flask was n armed in a constant -tem- 
perature water bath to 45°. At this temperature the 
ointment melted and was easily dispersed through- 
out the water by being shaken on an agil.itor for 
one hour at room temperature. 

At the end of the agitation period, three 1.0-ml. 
portions were tninsfcrrcd with a sterile pipet into 
three sterile Petri dishes. To these was added 
melted blood agar in the usual manner for preparing 
pour plates After mixture by gentle rotation 
and after solidific.atiou of the agar, the plates were 
incubated for twenty-four hours at .'17°. 

Determination of the Number of Bacteria per 
Gram. — The mnnber of bacteria in 1 Gm. of c.ach 
sample was determined by counting the colonics on 
the plate E.ieh colony was assumed to represent 
one organism m the ointment. The following for- 
mula was used in this detcrminaliou: 

No. of bacteria per Gm = 

(No. of colonies per plate X 25)/ 

(\Vt. of contents of the tube) 

In all instances the weight of the contents of the 
tube was .'t r, Gm 

Results. — OI the .S3 commercially available oph- 
thalmic ointments tested 12, or 14.5%, were sterile. 
However, only 19 of the 71 nonstcrile ointments 
had 50 or more organisms per gram. 

For convenience in discussing the re.sults of this 
work the ointnients have been classified according 
to their principal ehcmotherapcutic agents. 

Antibiotic Ointments. — Twenty-eight were tested 
and only eleven were sterile. However, the bac- 
terial count i\ as low, the average bacterial count 
being only 12 organisms per gram. The results ap- 
pear in Tables I, II. and III. 

Sulfa-Containing Ointments. — Nine were tested, 
and only one was sterile. Ilowever, the average 
bacterial count was only 15 organisms per gram. 
The results arc shown in Table IV. 

Mercury-Containing Ointments. — Twenty-one 

ointments were tested, and none was found to be 


TAUU! I. PRNICII.LI.V OpIITIIAI.MIC OINTMENTS 


Bacteria/ 


Ntiinc lit Ointment Gm. 

Crystalline iirocaiue penicillin G. .5,000 
imits/Gm, 14 

Penicillin calcium, 100,000 tiuit.s/Gm. 0 

Penicillin G, 1,000 units/Gm. 

Sam|)le 1 7 

Sample 2 14 

Penicillin G, 100,000 units/Gm. 7 

Penicillin G iiottissium, 1,000 units/Gm. 0 

Procaine iienicillin G, 1,0(10 units/Gm. 04 


Taiili! If. — Antiiiiotic Oint.mrnts Containing 

Cortisone or Hydrocortisone 


Name of Ointment 

Ilacteria/ 

Gm. 

Cortisone acetate 1.5% with bacitracin, 
1,000 units/Gin. 

Hydrocortisone acetate 0.5%, with nco- 

14 

mycin stilftile, 5 mg./Gm. 

14 


Taiii.i: III. — Antiiiiotic Oint.viints Containing 
Antiiiiotics Other Tuan Penicillin 


Bacteria/ 


Name of Ointment Gm, 

llacitracin, 500 units/Gm. 

Sample 1 0 

vSample 2 0 

Samitle 7 
Samtile 4 7 

Sample 5 0 

Chloramphenicol, 1% 0 

Chlortctracycline hytlrfK’hloriilc, 1% 0 

Ervthromvcin, 5 mg. /Cm. 

Sample 'l 1217 

Sam|>le 2 7 

Neomycin sulfate, .59e 

Sample 1 7 

Sample 2 0 

Neomycin hytlrochloriile, 2.5 mg./Gin., 
and gramicidin, 0.25 mg./Gin. 7 

Neomycin sulfate, 5 mg./Gm., polymt’xin 
B .sulfate, 5,000 units/Gm , and baei- 
tracin, 400 uuits/Gm. 

Sample 1 0 

Sample 2 14 

Oxytctracyclinc hydrochloride, 5 mg./ 

Gm., with polymyxin B sulftite, 10,000 
units/Gm, 0 

Polymj-xin B sulfate, 20,000 units/Gm. 0 

Tetracycline hydrochloride, 1%, 

Sample 1 7 

Sample 2 14 

Sample 3 7 


sterile. The average number of bacteria per grain 
for these ointments was 44. The results are shown 
ill Table V. 

Cortisone and Hydrocortisone Ointments. — Four 
ointments were tested and none was sterile. All 
showed identical bacterial counts of 14 bacteria per 
gram. This low count is very surprising in view of 
the fact that none of the ointments tested contained 
anti-infective agents. The results appc.ar in Table 
VI. 

Boric Acid Ointments. — Six were tested and none 
was found to be sterile. The average number of 
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Table IV. — Ophthalmic Ointments Containing 
Sulfa Drugs 


Bacteria/ 


Name of Ointment Gm. 

Sodium sulfacetamide, 10% 14 

Sulfadiazine, 5% 

Sample 1 7 

Sample 2 21 

Sulfanilamide, 5%, phenacaine hj'drochlo- 
ride, 1 %, and cod liver oil concentrate 21 

Sulfathiazole, 5% 

Sample 1 7 

Sample 2 0 

Sulfathiazole, 5%, and phenacaine hydro- 
chloride, 2% 7 

Sulfathiazole, 5%, and piperocaine hj'dio- 
chloride, 4% 36 

Sulfisoxazole diethanolamine, 4% 21 


Table V. — Ophthalmic Ointments Containing 
Mercury Compounds 


Bacteria/ 


Name of Ointment Gra. 

Ammoniated mercurj’,‘3% 107 

Butacaine sulfate, 2%, and nitromersol, 

1:3,000 29 

Mercuric chloride, 1:3,333 14 

Mercuric chloride, 1:5,000 

Sample 1 21 

Sample 2 50 

Phenacaine hydrochloride, 2%, with mer- 
carbolide 21 

Phenylmercuric nitrate, 1:30,000 14 

Phenylmercuric nitrate, 1:20,000, and 

phenacaine hj'drochloride, 1% 36 

Piperocaine hydrochloride, 4%, and thio- 
mersal, 1:5,000 36 

Thiomersal, 1:5,000 64 

Yellow mercuric oxide, 1 % 

Sample 1 64 

Sample 2 14 

Sample 3 50 

Sample 4 57 

Sample 5 43 

Yellow mercuric oxide, 2% 

Sample 1 14 

Sample 2 121 

Sample 3 43 

Sample 4 36 

Sample 5 50 

Sample 6 36 


Table VI. — Ophthalmic Ointments Containing 
Cortisone or Hydrocortisone 


Name of Ointment 
Cortisone acetate, 1.5% 
Sample 1 
Sample 2 

Hydrocortisone acetate, 1.5% 
Sample 1 
Sample 2 


Bacteria/Gin. 

14 

14 

14 

14 


bacteria per gram was 55. The results are shown 
in Table VII. 

Miscellaneous Ointments. — This group consisted 
of ophthalmic ointments, with the exception of 
cortisone, which are used for purposes other than 
anti-infective. 


Fifteen ointments were tested. As might be 
expected in the absence of antibacterial agents, this 
group showed the highest bacterial counts. The 
average bacterial count for this group of ointments 
was 65. The results appear in Table ITII. 


Table ^TI. — Ophthalmic Ointments Containing 
Boric .Acid 


Name of Ointment 

Bacteria/Gm. 

Boric acid, 5% 

Sample 1 

79 

Sample 2 

21 

Sample 3 

57 

Sample 4 

14 

Boric acid, 10% 

Sample 1 

136 

Sample 2 

21 


Table VIII. — Miscellaneous Ophthalmic 
Ointments 


Bactena/ 


Name of Ointment Gm. 

Atropine sulfate, 1 % 

Sample 1 21 

Sample 2 129 

Butacaine sulfate, 1 % 7 

Butacaine sulfate, 2% 7 

Cod liver oil concentrate 43 

Phenacaine hydrochloride, 1% 

Sample 1 ?6 

Sample 2 50 

Phenacaine hydrochloride, 1 %, and ephed- 
rine hydrochloride, 0.4% 157 

Phenacaine hydrochloride, 1%, and epi- 
nepherine, 1:50,000 

Sample 1 36 

Sample 2 243 

Sample 3 14 

Physostigmine salicylate, 0.25% 43 

Piperocaine hj'drochloride, 4% 107 

Thenyipj'ramine, 0.5% 36 

Zinc sulfate, 0.5% 43 


OPHTHALMIC OINTMENTS CONTAINING 
ANTIBACTERIAL AGENTS 

A Specially Formulated Ointment Base. — M^ith 
few exceptions the commercial samples of ophthalmic 
ointments previously' tested contained petrolatum 
in their formulas. Since petrolatum is not the ideal 
ointment base for topical application, a different 
base was decided upon. This base has the follow- 
ing formula: 


White Wax 1 part 

Cetyl Alcohol 1 part 

Deltyl Extra* 4 parts 


The white wax and the cetyl alcohol were melted 
in a beaker and the warm Deltyl Extra was added. 
The mixture was stirred until it congealed. 

The ointment base contains 0.16% of water and 
is miscible with the the lachrymal secretions. It 
can be sterilized by drj' heat for two hours at 175° 
without apparent breakdown. 

* Deltyl Extra is manufactured by Givaudan Delawanna, 
Inc- 
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A Method for Testing the Effectiveness of Added 
Antibacterial Agents. — Twenty grams of ointment 
base were prepared and sterilized. Four 4-inm. 
loopfiils of a twenty-four-hour nutrient broth 
culture of Micrococcus pyoj^cucs var. aureus were 
added and mixed thoroughly. Three and one-half 
grams of this contaminated base were placed in a 
sterile ophthalmic tube as a control. 

To 9.5 Gin. of the remaining base was added 0.5 
ml. of a 1:250 dilution of benzalkonium chloride. 
The final concentration of benzalkonium chloride 
was 1:5,000. The mixture was tubed in .'1..5-Gm. 
amounts. 

Within eight hours of prejiaratioii, each tube was 
tested to determine the number of bacteria per gram. 
The method is described under "Experimental.” 

A similar study was made witli final concen- 
trations of 0.5% chlorobutanol, 0.5% benzyl al- 
cohol, and a mixture of 0.25% chlorobutanol and 
0.25% bcnzj'l alcohol. 

In considering the effectiveness of the antibacterial 
agents used, it should be borne in mind that the 
number of organisms added to each ointment was 
far in exeess of the number normally found in any 
commercial ointment. This was done purposely in 
order to obtain results which would be more signifi- 
cant. The effectiveness of each agent was based 
upon the number of organisms killed or inhibited as 
compared to a control. The results are shown in 
Table I. \. 


Taih.e IX. — Comparison op the nAcTEuiciPAL 
Efpectiveness op Certain .Antiiiacteriai .\oent.s 
IN A Contaminated Ointment Ease 


Antibacterial 

No of 
Organisms/ 

Killed, 

Agent 

Cm 


Benzalkonium chloride, 1 ■ 1000 

.s;)5 

9,8.0 

Chlorobutanol, 0.5‘-i 

1,480 

.89,. '1 

Benzyl alcohol, 0.5% 

171 

99.(1 

Chlorobutanol, 0.25%, and 
benzyl alcohol, 0.25%, 

11 ,409 

72 7 

X^onc (control) 

41,729 



Another Method of Testing the Effectiveness of 
Added Antibacterial Agents. — Only benzyl alcohol 
0.5% was used since this agent with a killing or 
inhibiting activity of 99.0% was the most effective 
antibacterial agent used in this study. 

Six ophthalmic ointments with formulas similar 
to those of commercially available products were 
prepared and benzyl alcohol uais added. The 
final concentration of benzyl alcohol was 0.5%. 
Each ointment was prepared as previously de- 
scribed. 

Bacterial counts were taken on each extempora- 
neously prepared sample, and the results were com- 
pared with those previously obtained for similar 
types of commercial samples (sec Tables I, V, VI, 
and VII). If similar ointments from more than 
one manufacturer had previously been tested, the 
average number of bacteria per gram was taken as 
the basis for comparison. 

The names of the ointments were yellow mercuric 
oxide 1%, yellow mercuric oxide 2%, boric acid 5%, 
boric acid 10%, cortisone acetate 1.5%, and peni- 
cillin G potassium 1,000 units per gram. 

Results. — The incorporation of benzyl alcohol 


0.5% in extemporaneously prepared ointments re- 
sulted in a reduction of the bacterial count in all 
ointments. The actual reduction by the use of 
benzyl alcohol was 97.1%. (See Table X.) 


Taiile X. — A Co.MPARiso.v Between 
E.xtemi’ora.veously Brei’ared Ophthalmic 
Oi.nt.ment.s Co.vTAiNiNf: Benzvl /Ilcoiiol 0.5% 
AND Commercial Ophthalmic Ointments 



Ivxlemporanc* 

Commercial 


t>nsly Prcjiarctl 

Samples, 


Samples, 

Av, No. 

Nsunc of f)inlnicfit 

IJactcria/Cni. 

Ilactcria/Gm. 

Yellow inereiiric oxide. 



1% 

0 

40 

Yellow mercuric oxide. 



2% 

7 

.50 

Boric .acid, 5% 

0 

43 

Boric acid, 10% 

0 

79 

Cortisone acetate, 1 .5%, 
I’enicillin G iHitassitim, 

0 

14 

1000 iiuils/Giii. 

f) 

11 


SUMMARY 


1. Eiglity-thrcc coinincrcial .samples of 
oplithalinic ointments were e.xamincd bacterio- 
logically to dctcrininc the number of organisms 
per grain of each. Eiglity-fivc aiitl one-half per 
cent were nonslcrilc. 

2. A specially forimilatecl ointment base was 
puriiDsely eontnminaled with a culture of 2\Hcro- 
foents pyof^ntes var. aureus. To thi.s ini.xture was 
added various antibacterial agents. These oint- 
incnts were tested to determine the killing or in- 
hibitory activity of the added antibaeterial 
agents. 

B. Benzyl alcohol 0.5 per cent was 99. G per 
cent effective; benzalkonium chloride 1:5000 
was 9S.0 iier cent cITeclivc; chlorobutanol 0.5 per 
cent was ,S9..'i per cent effective; while a mixture 
of chlorobutanol 0.25 per cent and benzyl alcohol 
0.25 per cent was only 72.7 per cent effective. 

4. vSix ophthalmic ointments were prepared 
extemporaneously by methods similar to those 
used by the pharmaceutical manufacturers. 
Benzyl alcohol 0.5 per cent was added to each. 
The mimber of organisms jier gram of each oint- 
ment was determined and was compared with the 
average number per gram of commercially avail- 
able ointments with similar formulas. Benzyl 
alcohol reduced the number of bacteria per gram 
by 97.1 per cent. 
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Toxicity Studies of Sulfur Hexafluoride (SF^) in 
Pneumoperitoneum* 

By HAROLD C. HODGE, W. GEORGE SWALBACHf, and HERMANN RAHNf 


The results of studies of rats and dogs main- 
tained with pneumoperitoneum of sulfur hexa- 
fluoride, and with air for control observations, 
for periods of six months are reported. The 
toxicity found was of a sufficiently low order 
to warrant initial treatments of humans. 

"CVER SINCE THE INTRODUCTION of artificial 
pneumothorax and pneumoperitoneum for 
therapeutic reasons, the reabsorption of the in- 
jected gas has been noted. For prolonged ther- 
apy this reabsorption has been a nuisance re- 
quiring refillings from time to time. It was noted 
early that pure oxygen disappeared much faster 
than air, and today air is the common gas used. 
Many attempts have been made during the last 
fifty years to find a more suitable gas than air — 
a gas which would be more slowly absorbed from 
the cavity. Webb, et al. (1), found no difference 
between air and nitrogen. Grass and Meiners 
(2) employed argon which was absorbed faster 
than air. Helium was tried imsuccessfully by 
Schedtler (3). More recently helium was found 
to extend the time between refills four to six days 
in pneumoperitonemn patients (4). Comparing 
the absorption rates of various gases from closed 
body pockets (5-8), however, led to the general 
eonclusion that of all the gases so far tested 
nitrogen is the slowest to diffuse and therefore is 
most suitable for a prolonged collapse therapy. 
It was, therefore, of some interest when Tenney, 
Carpenter, and Rahn (9) showed that the inert 
gas SFe when injected into a body cavity, not 
only disappeared more slowly than nitrogen, 
but actually produced a temporary doubling of 
the pneumoperitoneum volume before it slowly 
disappeared. 

Before administering SFc gas to pneumoperi- 
toneum patients, it was necessary to demonstrate 
the lack of toxicity of this gas. This paper pre- 
sents the results of studies of rats and dogs main- 
tained with pneumoperitonemn of SFe, and with 
air for control observations, for periods of six 
months. Based on these observations the initial 
treatments of patients reported elsewhere (10) 
were undertaken. 

* Received May 20, 1957, from the Division of Pharma- 
cology and Toxicology, University of Rochester, School of 
Medicine and Dentistry, Rochester, N. Y. 

t Assistant Medical Director, lola Sanatorium, Rochester, 
N. Y. 

t Professor of Physiology, University of Buffalo Medical 
School. 


RAT STUDIES 

Groups of young, albino rats, 20 males and 20 
females per group, of the Rochester-Wistar strain 
were selected and matched approximately for aver- 
age body weight. The rats were housed five to a 
cage in metal cages in which pans filled with shav- 
ings were used for bedding. The ration was Purina 
Fox Chow Meal, the drinking water was tap water; 
both were supplied ad libitum. As can be seen in 
Table I, the average initial body weight for the male 
rats ranged from 149 to 154 Gm., for the female rats 
from 128 to 132 Gm. The treatment plan is indi- 
cated in Table I: each experimental rat was in- 


Table I 


Treatment 

Sex 

No. of 
Survivors 

Av. Body Weight (Gm.) 
Initial Final 

Air in trap. 

M 

8 

149 

412 

SFe intrap. 

M 

9 

151 

400 

Air subcut. 

AI 

15 

154 

385 

SFe subcut. 

M 

15 

153 

356 

SFe subcut. 

F 

18 

132 

245 

.4ir subcut. 

F 

13 

129 

244 

SFe intrap. 

F 

14 

128 

242 

Air intrap. 

F 

12 

129 

225 


jected with a volume of SFs sufficient to distend the 
skin tightly; each control rat was injected with an 
approximately equal, or perhaps slightly larger, 
volume of air. The subcutaneous injections were 
made in the midline of the shoulder area. The 
injeetions of SFe or air were repeated at whatever 
intervals were necessarj’^ to maintain some inflation. 
The intervals between injections varied from one to 
two weeks. No precautions to maintain sterility 
were observed. 

Body Weight. — Good weight gains were recorded 
by every group. In the case of the male rats, only 
those given subcutaneous injections of SFs showed 
a growth less than that typical of the colony norm 
(380 Gm. at the same age). A number of the rats 
had shown areas of infection in the inflated skin, 
which may account for the depressed grorvth. In 
the case of the female rats, only the group given air 
intraperitoneally grew somewhat less rapidly than 
the colony norm (235 Gm. in rats of the same age). 
The male rats given SFe subcutaneously showed the 
greatest growth retardation, whereas the female 
rats given SFe subcutaneously had the highest 
average weight. The deviations in the growth 
curves are probably coincidental; there is nothing 
in the growth curves to indicate a specific toxic 
effect of SFe. 

Mortality. — In the male rats given air or SFe 
subcutaneously, identical mortalities were observed 
throughout the experimental period. Negligible 
differences occurred when the two gases were ad- 
ministered intraperitoneally. The subcutaneous 
administration produced only 25% mortality; 
whereas given intraperitoneally, mortalities by the 
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end of the tliirty-sixth week were GO to 05%. In 
the female rats, higher mortalities were observed 
when air was administered than when Shr, was 
administered. Given subeutaneonsly. the aeciiimi- 
lated mortality with air injections reached about 
35%; whereas with SFc, the maximum was only 
10% mortality. The total accumulated mortal- 
ities by the end of the period were 30 and *10%, 
respeetively, when air and SFc were given intra- 
peritoncally. No sterile precautions were used in 
injecting the gases. During the first month the 
rats did not respond adversely to the injections. 
After a period of about ten weeks, however, it be- 
came apparent that many rats were dying in the 
few days following cneh injection; fatal infections 
were suspected. Beginning at this time, penicillin 
was routinely administered parenterally simul- 
taneously with the gas injections. Almost without 
exception, deaths no longer occurred in the days 
immediately following the gas injections There is 
no indication in the mortality data that SF« is more 
toxic than air. 

The higher mortality rates with intratieritoneal 
injections than with subcutaneous injections can be 
explained as an injection artifact. On several oc- 
casions it was observed that animals died immedi- 
ately with peritoneal refills. Autopsy showed that 
in each case the needle had punctured a blood vc.sscl 
and that large gas bubbles were present in the cir- 
culation. Such accidents never occurred when gas 
was given subcutaneously. 

Organ Weights. — Rats were sacrificed after thirty- 
six weeks on the experimental regimen and gross 
autopsy examiiiatioiis were condueted under the 
direction of Dr. Richard C. Crain of the Department 
of Pathology. A number of organs were dissected 
out and weighed, these inehided: the liver, kidney, 
lungs, brain, stomach, heart, and spleen. The 
average organ weights are given for each of the 
experimental groups in Table II. The average 


jected, either subcutaneously or intraperitoncalb'. 

Pathology. — .Sections were prepared using hema- 
toxylin and co.sin stains of the following tissues: 
heart, lungs, spleen, stomach, .small and large 
intestines, kidney, adrenal, testes or ovary, urinary 
bladder, bone marrow, and brain; in addition, any 
abnormal tissue was sampled for study. Sections 
of skin were removed from the .shoulder area of the 
rats receiving subcutaneous administration of gas 
ami sections of the abdominal wall were taken from 
those animals receiving gas intraperitoncally. The 
histological study was carried out by Dr. Robert D. 
Coyc, Jr. of the Department of Pathology. Skin 
sections from three males and three female rats, 
given air or SFr, intraperitoncally, and from the same 
number, injected subcutaneously, were also cx- 
.iinined by Dr. D. D. Opdyke of the Procter and 
Gamble Company. These tissue samples were fixed 
in formalin solution. Routine paraffin sections 
were prepared and .stained with hematoxylin and 
eosin. 

No lesions were found that were attributed to a 
toxic effect of SFc. Dr. Opdyke described normal 
blood ve.ssels, collagen fibers, and sebaceous glands; 
hair follicles revealed no vesicles or any signs of 
ihcmical or structural changes (Fig. 1). There 
was no hyperiilasia, keratization was normal, no 
evidence of infiltration, nor any indication of in- 
flammatory reactions were .seen. In a few rats, dur- 
ing the course of this study, areas of infection de- 
veloped locally in the inflated .skin above the sub- 
cutaneous injection. Prcsumabl.v the pressure 
had reduced, at least in some measure, the circula- 
tion into the inflated areas of the skin. No lesions 
were found in the peritoneal tissue of the rats at the 
end of the study. The deaths observed during the 
experimental period were attributed to secondary 
infections. Of the 29 rats that died during the ex- 
periment, 11 were diagnosed at autop.sy as dying of 
.iciite infection or of hemorrhage. These deaths 





'I’aiili 

II 

\VERA<il; 

Organ Weigiit.s 





Treat- 











Sex 

ment 

Uoutc 

Liver 

Kitlnej 

.s Te.stc.v 

I.llIIg.S 

lira ill 

Stoinncli 

Heart 

Spleen 

No. Rnts 

M 

Air 

Subcut. 

12.29 

2 92 

3.02 

2,40 

2.05 

2.02 

I . ‘15 

1.48 

14'* 

M 

Air 

Intrap. 

13.73 

3 .33 

3.. 35 

2,93 

2.08 

2.00 

1.^10 

1.31 

8 

M 

SFc 

Subcut. 

1 1 . (12 

2 .so 

3.08 

2 29 

1.90 

1.89 

1.45 

1.47 

15 

M 

SFc 

Intrap. 

12.. 53 

3. 11 

3.19 

2. To 

1.99 

1. 78 

1.30 

1.29 

9 

F 

Air 

.Subcut. 

7.. S3 

1 95 


1 . 00 

1.80 

1.51 

1.03 

1.09 

13 

F 

Air 

Intrap. 

7.93 

1.98 


1 . 75 

l.SG 

1.47 

0.97 

1.07 

12 

F 

SFc 

Subcut. 

8. -12 

2.07 


1..S.5 

1.89 

1.50 

0.99 

0.95 

17 

F 

SFc 

Intrap. 

S. 22 

2.04 


1,00 

l.SG 

1.52 

1.02 

0.94 

14 



•Average Organ \\' 

cight/Body Weight Ratios (mg./Gm. b 

wt.) 



M 

Air 

Subcut. 

32.01 

7 09 

7.97 

0..34 

5.42 

5.41 

3.&3 

3.84 


M 

Air 

Intrap. 

.33.33 

8.09 

8.15 

7. 14 

5.07 

4.85 

3.02 

3.20 


M 

SFc 

Subcut. 

32.80 

8.11 

8., 59 

0.09 

5.45 

5.29 

4.10 

4.23 


M 

SFc 

Intrap. 

31.22 

7.77 

8.07 

5.31 

5.03 

4 . 47 

3.30 

3.20 


F 

Air 

Subcut. 

.32. 1-1 

7.99 


0.80 

7.71 

0.22 

4.24 

4.46 


F 

•Air 

Intrap. 

35. 17 

8.82 


7.83 

8.28 

0.55 

4.34 

4.70 


F 

SF, 

Subcut. 

.34. do 

8.48 


7.00 

7.70 

0.42 

4.05 

3.89 


F 

SFc 

Intrai). 

.33.88 

8.40 


0.82 

7.09 

0.25 

4.19 

3.80 



“ Liver weights on l.S rats; brain weights on 1.1 rats. 


organ weights calculated on the basis of body weights 
are also presented for each group. .All of the organ 
weights were within the normal ranges; there was 
no indication of any abnormality ivhen SFc was in- 


werc aiiproximately equally divided between the 
control and the experimental groups. In many 
other cases, autopsy examinations were valueless 
because autolysis was advanced. 
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Fig. 1, — Section througli the skin aiea adjacent 
to the gas space. The gas space is lined by a uni- 
form organized connective tissue wall which shows 
acidophilic staining connective tissue with numerous 
capillaries and which, with Mallory stains, reacts 
positively for collagen. 

From a thorough histological study, the surviving 
rats were found to exhibit the lesions commonly 
found in rats of this age in our colony. Low grade 
chronic pulmonary infection and low grade kidney 
infection were often seen. A number of parasites 
were observed in the liver and the urinar}' bladder. 
Only one tumor was found — a sarcoma of undeter- 
mined origin. One unusual lesion was described as 
a hamartoma of loose connective tissue with prom- 
inent capillaries and a few irregularly arranged 
epithelial cells forming duct-like structures. 

A special search was made for any effects that 
might be attributed to a contamination with trace 
amounts of SjFio This compound is known to 
produce pulmonary edema, and questionable dam- 
age to the epithelium of large bronchi and to the 
trachea when the gas is inhaled (11). None of 
these changes could be found in any of the rats 
examined 

In summary, groups of 20 male and 20 female, 
young adult, albino rats were treated and observed 
over a period of six months. Each experimental 
rat was injected with a volume of SFe, either intra- 
peritoneally or subcutaneously. Each control rat 
was injected with a similar volume of air The 
injections were repeated for both groups simulta- 
neously. Infections were controlled with injections 
of penicillin to obviate deaths following the treat- 
ment days Mortalities were comparable for the 
control and experimental rats. The organ weights 
of rats surviving the six-months’ period lay in nor- 
mal ranges. A thorough histological study re- 


vealed no evidence of any tissue lesion that was at- 
tributed to the treatment. SFe was neither toxic 
nor irritating under the conditions of this study. 

DOG STUDIES 

Two dogs were maintained with pneumoperi- 
toneum refills for periods of six months or longer 
A third dog that died after the second injection of 
SFe showed on autopsy evidence of what is taken 
to be an intercurrent illness, viz., a focal bronchial 
pneumonia, a generalized puhnonar 5 ' congestion, 
hemoperitoneum, and hemopericardium. 
h»The two dogs that survived the six months’ 
experimental period were treated on the schedule 
shown in Table III. Gas was introduced into the 
peritoneal cavity by a 100-cc. syringe and a semi- 
blunt needle equipped with a simple rubber bag 
containing the gas Injections were always made at 
approximately the same site in the lower quarter 
of the abdomen. Before introducing the SFe, the 
residual gas within the peritoneum was remoxud 
These two dogs were normal, young, well-nourished 
male beagles. The dogs had good appetites during 
the test period. During a period of several months, 
one dog lost weight, viz., the body weight fell from 
11.8 to 9 7 Kg.; some of this weight was regained 
before the end of the experimental period. 

Table III. — Treatment Program for Dogs, 
Body Weights 


Dates of SFe Refills Body Wt (Kg ) 


Dog No. 2999 M 

5-12-54 

14.8 

6-9-54 

15 2 


7-14-54 

7-17-54 Dead 

15 9 

Dog No. 2081 M 

Initial 

4-14-54 

11 8 

3 mo. 

7-14-54 

10.9 

6 mo. 

10-14-54 

10 4 

9 mo. 

1-12-55 

9 7 

Termination 

3-3-55 

10.0 

Dog No. 2823 M 

Initial 

8-11-54 

6.3 

3 mo. 

11-10-54 

6 6 

6 mo. 

2-9-55 

6 1 

Termination 

3-3-55 

6 3 


Blood counts were obtained for each dog toward 
the end of the experimental period. The hema- 
tological values recorded included red blood cell 
counts, hemoglobin values, white blood cell counts, 
differential counts, and observations of a number of 
characteristics of the red blood cells All values 
were in the normal ranges 

Urine samples were collected from one of the dogs 
(No. 2823) and examined bj' the usual semiquanti- 
tative methods for sugar and protein — only normal 
trace amounts were present. 

Organ Weights. — The dogs uere sacrificed by the 
intrax'enous administration of a large dose of a 
soluble barbiturate. A number of organs were 
dissected out and weighed (Table IV). The organ 
weights were within the normal ranges. 

Pathology. — When the dogs were sacrificed, gross 
autops 5 ' examinations uere made by Dr R D. 
Neubeckcr of the Department of Pathology. 
Sections of the following tissues uere made and 
stained xvith the customary hematoxylin and eosin 
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Table IV. — Organ Weights of Dogs 



Orpan \Vt. 

Organ Wt 

Basts 


(fresh) 

Body Wt (Gm /kg.; 


No. 

No. 

No. 

No. 


2081 

2823 

2081 

2823 

Fleart 

90 

40 

9.0 

7.3 

Lungs 

R53 

38 

s.:i 

0.0 


L 40 

30 

4.0 

4.8 

Spleen 

43 

28 

4.3 

4.4 

Liver 

314 

234 

31.4 

37. 1 

Kidneys 

R41 

21 

4.1 

3.8 


L 41 

24 

4.1 

3.8 

Brain 

78 

07 

7.8 

10 fi 


stains: heart, lung, spleen, pancreas, sioni.acli, 
small and large intestine, liver, kidney, urinary 
bladder, lymph nodes, omentum, periloneuin, 
diaphragm, abdominal wall, adrenal, testes, thyroid, 
bone marrow, and brain. 

Neither dog showed any gross or histological 
changes that were attributed to the SFo treatment. 
One dog (No. 2081) showed a mild iiyelitis and had 
focal granulomata in the lung and lymph node.s. 
The pleural cavities were normal. No excess fluid 
was present in the i)eritoncal space. The [leritoneal 
surfaces were thin and normal. Specifically there 
was no inflammation nr scarring in the omentum, or 
the diaphragm, or in the tissues most closely exposed 
in the peritoneal Ciivity and in the pleural cavity. 
One dog had some cystitis, a mild pyelitis, and a 
vesicle calculus Dung sections were normal with the 
exception of some scattered intra-alveolar hemor- 
rhage. 

Both of these dogs were norimil, well-developed 
young dogs with no histological evidence of any 
eficct of ,SFr, As with the rats, it carefid scarcli 
revealed no indication that a matcri;il having the 
properties of S-Fio had been present in any detect- 
able trace. 

DISCUSSION 

Based on the evidence of the lack of toxicity in the 
animal studie.s, two clinical trials were conducted 
(10): one series on three volunteer patients at the 
lola Sanitarium in Rochester, N. Y. ; the other on 
ten patients undergoing treatment for tuberculo.sis 
in the Veterans’ Hospital, Batavia, N. Y. 

In Table V, the records of treatment periods, 
volumes of gases, and frequencies of refillings arc 
presented. The patients were c.xamincd fluoro- 


scopically to observe the volume changes of the 
gas pockets .and the gas pressures were measured 
directly before and after each refill. No untoward 
.symptoms or physical signs were recorded during 
the course of SFc pneumoperitoneum. The longer 
periods between refills, viz., five or six weeks with 
SFr. vs. ten to fourteen days with air, and the Ics- 
seiicil discomfort because needle injections were 
less frequent were greatly appreciated by the pa- 
tients. 

The patients in the Veter.ans’ Hospital group re- 
ceived Sl'e injections over periods of three to nine 
months. Refill volumes of 800 to 1,000 cc. were re- 
quired at intervals of five to seven weeks, in con- 
trast to air refill volumes 100 to 200 cc. larger at 
intervals of ten to fourteen days. Records of tem- 
per.ature, i)tdse, hemoglobin, white blood cell count, 
bromsulphalcin retention, blond urea nitrogen, and 
phenosulfonphthalein tests were negative, i. c., 
functions were uniinliaired. 

As a result of the preliminary trials, SFr, is rcc- 
■ >uunended (10) as ’’an ide.-il gas for use in thera- 
peutic artificial jineumopcritoneum and .should also 
be tried clinicrdly in artificial pneumothorax.” 

SUMMARY 

1. Groups of 20 male and 20 female rats, 
each, were treated (a) with .SFr, subcutaneously, 
(h) with SFo inlrapcritoncally, (c) with air sub- 
cutaneously, and (d) with air inlrapcritoncally, 
for a period of a])proximatcly six months. The 
intcrvtils between injections varied from one to 
two weeks. Fach grotip grew normally. 

2. Deaths, jtrcsitmably front infection, oc- 
curred dttring the early part of the experiment; 
the administration of penicillin simultaneously 
with the air or SFc injections controlled the mor- 
talities. Mortality rates were no greater when 
SFc was administered than when air was adminis- 
tered. 

:i. Organ weights lay in the normal ranges. 

-1. In a thorough histological study, no lesions 
were found that were attributed to the treatment 
by SFc. Siiecifically, the skin and mcinbr.anes 
that had been in contact with SFc or with air 
showed no evidence of toxicity or irritation. 

5. Two dogs were niaititaincd with pneiuno- 
periloncum of SFc, one dog for ten months and the 
other dog for nearly seven months. Gas was 
administered at inteiwals varying from one week 


Table 



Air 

SFe 

lola Case No. 1 

March 1051-Scpt. 1952 

1,200 cc. every 10 days 

Sept. 1952-Apnl 195-1 

1,000 cc. every G weeks. 

lola Case No. 2 

July 1951-Scpt. 1952 

1,000 cc. every 10 days 

April 1954- 

1,000 cc. every 2 weeks 

Sept. 1952-April 1954 

SOO-900 cc. every 5 weeks. 

lola Case No. 3 

April 1954 

1,400 cc. every two weeks 

Oct. 1953-April 1954 

1,200 cc. every 5 weeks. 
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to three weeks. Bod)" weights were maintained 
by one dog, the other dog lost some weight but 
regained most of it by the end of the period. 
Organ weights lay in the normal ranges. A 
thorough histological study revealed no tissue 
change that was attributed to the administration 
of SFe. 
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A Study of the In Vitro Reaction of Catalase and 
Hemin with Organic Mercury Compounds* 

By SISTER M. ANGELICE SEIBERT 


The relative inhibitory effect of a series of organic mercurj- compounds (phenyl- 
mercuric nitrate, phenylraercuric hydroxide, /t-chloromercuribenaoic acid. Neo- 
hydrin, and Mercuhydrin) on the catalytic activity of catalase in vitro was studied. 
The inhibition is relatively less with the diuretics. Increasing the concentration of 
all of the mercury compounds gives greater inhibition. Spectrophotometric 
studies of catalase protein, Armour serum albumin and crystalline hemin were made. 
Interaction of the protein — SH with the organic mercury compounds does not ex- 
plain the inhibition under the conditions of this study. The catalase activitj’ of 
hemin is inhibited by the mercury compounds in a system completely devoid of 
— SH groups. The hemin itself is rapidly destroyed by the hydrogen peroxide and 
this reaction is also depressed by the organic mercury compounds. There is no 
spectroscopic evidence for a hemin-mercury or hydrogen peroxide-mercury com- 
pound. Spectroscopic and preliminary polarographic data indicate the necessitj' 
of postulating a ternarj’ complex, hemin-hydrogen peroxide-organic mercury, which 

is relatively stable. 


A T PRESENT there is a variety and unfortunate 
^ confusion of concepts relating to the mode 
of action in vitro and in vivo of several types of 
mercur)" compounds falling under the classifica- 
tion of organic mercury compounds 

^-Chloromercuribenzoic acid (PCMB) has 
been considered a selective reagent for — ^SH bind- 
ing and its reversible inhibition of enzjmie activ- 
ity has led to the expression "sulfhydrj'l-depend- 
ent enzymes” (1). However, the simple inhibi- 
tion of enzyme activity by PCMB does not dem- 
onstrate conclusively that — SH groups are 
essential for the activity of a given enzyune (2, 3). 

Phenylmercuric nitrate (PMN) and phenyl- 
mercuric hydroxide (PMOH) have been shown 
to inhibit in vitro in a non-reversible manner 

* Received July 5, 1957 from the Research Laboratory, 
Ursuline College Louisv die 6, Ky , an affiliated laboratory of 
the Institutum Divi Thomae Foundation, Cincinnati, Ohio 
This study was supported m part by funds from Research 
Corporation, N Y and the Damon Runyon Memorial Fund 
The author wishes to thank Dr C W Kreke, Mount 
Mercy College, Pittsburgh, for fais valuable criticism of this 
work, and 3NIiss Kathleen Pfiaura for technical assistance. 


enzvmes supposedly not requiring — SH groups 
for activity (4). The tn vitro studies of Gold- 
stem and Doherty (5) with cholinesterase indi- 
cate that the problem of the influence of mercur)- 
compounds on enzvTne activity is not adequately 
explained in some instances in terms of — SH 
binding. The demonstration of a direct inter- 
action of organic mercuiy compounds with 
thyroxine and related compounds under mild 
conditions by Frieden and Naile (6) is also of 
interest to this problem. 

Organic mercur)- compounds of the diuretic 
group inhibit both — SH and non — SH dependent 
enz)mes (7) Ruskin and Ruskin (8) have sug- 
gested tliat Oie action of Mercuhydrin may be at 
two different sites of the terminal oxidative chain. 
Riggs and Wolbach (9) investigating the inhibi- 
tor)' effects of organic mercur)' compounds on the 
autocatalytic binding of hemoglobin with oxy- 
gen conclude that the mercury compounds inhibit 
the heme-heme interaction by blocking or modi- 
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fying structural reorganiration which accompanies 
the oxygenation 

Earlier work (4, 10, 11) has shor\n that cata 
lase IS inhibited by PCMB, PMN and PMOII 
This inhibition is relatively mild as compared 
with that observed with cytochrome oxidase and 
succinic dehydrogenase Since this inhibition 
of catalase was apparent!}' not a simple binding of 
essential — SH groups, it was of interest to inves 
tigate further the mode of action of these nierctir} 
compounds and to compare the effects of these 
compounds with those of several organit mcrcur} 
diuretics 

EXPERIMENTAL 

All spcctrophotoiiictnc iiieasurcmciils uere made 
with a Beckman Model DU spcctropliiilometcr 
einplojing a water cooled Hmplioiisc and cell com 
partmciit 

Polarographic measurements were mule with a 
Sargent Model XII Camera Recording Pol trograpli 
An H cell with a saturated calomel electrode and a 
KCl agar bridge was used as the anode Owgcn 
was removed from the test solutions he piss.igc of 
o\}gen-free nitrogen All mtasurenieiits were 
earned out at 25 ± 0 1° The c iinllart h id the fol 
lowing characteristics t = 3 5 sec at i pressure of 
48 cm of mercury on an oiien circuit m the test 
solution The weight of the iiiercun tlropping per 
second, m, was 2 04 mg All solutions were liiifTercd 
to a pH of 7 4 with 0 1 lUphosph itc Intfrer md were 
examined o\ er a poteiiti il range of 0 0 to — 1 8 \ 

Armour No 30 pork liter catalase' was used for 
all the eiizMiic expcriniciits Cnst ilhtie henim was 
purchased from Nutritional Biochcimcals 

The stock solution of catalase was prepired In 
dissolving a w eighed amount of the pow de red curj me 
in 0 1 1/ phosphate buffer, pH 7 1, iiid dihiliiig to 
the required concentration for use The final eon 
centratioii of the ciizime was determined spcctro 
photomctricall} at 406 mu as described in i prc\ lous 
paper (4) 

The hciniii cn st ils w ere dissoh cd in i few drops 
of 6 N NaOII and scscral nil of gl iss distilled w iter 
The solution was then m ide up to tolunic with 
buffer The concentration w as calciil itcd from an 
accurately w eighcd sample of cn stals using a iiiolce 
ular weight of 675 55 The stock solution was 14 
X 10 -‘j1/ 

Basic plicti} Imercuric nitrate and phenx liner 
curie hjdroxidc were purchased from Ilaniiltoii 
Laboratories, Inc , PCMB from the SchacfTcr 
Laboratories, Inc Mcrcuhjdrin and Neohjdriii 
were obtained from Lakeside L iboratorics, Inc, 
Wisconsin ' 

Catalase and liemiti actii it\ was detennmed b\ 
following the breakdown of hjdrogcn peroxide at 
240 m/i according to the tracking method of Beers 
and Sizer (12) w itli some modifications 

In all the experiments the catalase or hemm and 
the inhibitor were preinixcd and allowed to stand 
for one hour before adding the substrate The 
catalase solutions were kept at 10° at all times, 

* These materials uerc generouslj supplied \Mthout char),c 


the hcinin solutions at 25° 

An approximately 4 5 X 10“" jlf HjOj solution 
was prepared bj diluting 1 2 ml of Mallinckrodt, 
A R ,3%IIn02With25ml ofO 1 Hf phosphate buffer 
pll 7 4, for the catalase experiments Por the hemm 
experiments a 8 8 X 10“" j\f solution was used 
In the catal ise experiments 2 ml of the enzyme 
solution were placed in both the blank and expen 
mental cell One ml of buffer was added to the 
bl ink Vt zero time, 1 0 ml of the IIjO; was added 
to tlie enze me solution and the absorbance at 240 
nip read e\er} ten seconds for a ninety second 
period 

In the hemm experiments, 3 0 ml of the hemm 
solution was added to the experimental cell The 
blank cont lined 3 0 ml of cither buffer orof the buffer 
and mercurj coinpoimd At zero time, 0 5 ml of 
ILO- was added to the experimental cell and the 
ciniige III absorb nice w.is followed with time 
I 111 il concentration of the hemm in the spcctro 
photometer cell was 2 7 X 10“" 

RESULTS AND DISCUSSION 

Catal ise studies Table I shows the comparative 
effect of five organic mcrcurx compounds on the 
•ictiv it\ of \rnioiir catalase No 30 The per cent 
depression is caleiil.ited from the rates of change of 
the absorb nice ihiring a one minute interval (from 
Ivvciit} to eight V seconds) of a control catalase 
solution and one contannng the stated molar con 
ceiilration of iiierciirv compound Concentration 
of the mcrciirv compouiitls arc final molar concen 
tration in the reaction mixture 


Taiii I I Di iMti SCION oi Catalase Ictiv its bv 
Oroasic MiReuRV Compounds 


rj Dc 

ils fl 1 X in Ml) prcssion 

Pheii>liiiLrcunc nitrate 23 

p Chloronierciiribciizoic acid 16° 

Phenv hiiercuric hvdroxide 8 

Neohv drill 5 

Mcrcuhv drill 0 


« line (Icprcsemn use obtiincd with n cnnccntretion of 
1 1 X 10 vM Hiehcr conccnlrntions were too sheorbinK to 

permit epcctrophotomctnc meieurcments 

The concciitratioii of catalase in each of the 
reaction mixtures was 1 12 X 10”* Increasing 
the concentration of the merctirv compounds gave 
increased inhibition Mcrcuhjdrin could not be 
used III concentrations greater than 5 X 10”* jE 
because of high absorbance The effect of increas 
mg amounts of Ncohx drm is show n in Fig 1 

\ctiv itv experiments measuring the effect of the 
mcrcurv compounds on the abilitv of hemm to break 
dow II H"0 show ed significant inhibition of this prop 
erty of hemm Table II summarizes these data 
The final molar concentration of the mercury 
compounds was 1 4 X 10”" hemm, 2 7 X 10 
Ar H.O, 1 25 X 10”= Af The temperature was 
25° 

The effect of x arv mg the concentration of Neo 
h) drm and PMN is show n in Fig 2 

A studv of possible incrcaptide formation between 
the mercurj atom of the organic mercurj' compounds 
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Fig. 1. — Effect of Neohydrin on the activity of 
Armour Catalase No. 30. 


Table II. — Depression of the Catalytic Ac- 
tivity OF Hemin by Organic Hg Compounds 


Hg Compds. 

Depression, 

% 

Phenylraercuric nitrate 

75 

Neohydrin 

50 

Phenylmercuric liydroxide 

37 

Mercuhydrin 

14 



Fig. 2. — Effect of organic mercury compounds 
on the catalase activity of crystalline hemin. 9 
Neohydrin; X Phcnylmercuric nitrate. 


and the SH groups of catalase protein and Armour 
bovine serum albumin> indicated that under the 
conditions of these e.xperiments verj- little mercap- 
tide formation occurs as judged by increase of 
absorbance of the solutions at 250 inju. Measure- 
ments were made according to tlie procedure used 
by Boyer (14). In any case the concentration of 
mercury^ compound emploj'ed in the catalase actir-- 
ity experiments is in considerable e.xcess of that 
required for — SH binding. For these studies 
.Armour catalase No. 30 was used witliout further 
purification. This preparation contains only 24^ 
catalase protein. Therefore, in order to prepare a 
^olution of catalase protein an amount 24% greater 
than the calculated amount had to be dissolved 
This resulted in a protein solution having a very 
high nonspecific protein absorbance. The very 
'.inall increase in absorbance obtained in mixtures 
• if this solution and the mercurj- compounds could 
be attributed almost completely to a non-specific 
reaction of the mercury compounds with the non- 
catalase protein. This interpretation is substan- 
tiated by earlier work (4) which showed that a very 
pure crystalline catalase preparation when mixed 
« ith PMN or PMOH showed no spectral shifts nor 
absorbance increase over the entire spectral range 
from 230 rap to 700 mp. Part of the action of the 
mercury compounds must then involve the hematin 
portion of the catalase molecule. 

It was reported in an earlier publication that the 
hemin spectrum is not affected by relatively high 
concentrations of PMN and PMOH and PCMB (4) 
This is in agreement witli the observations of Riggs 
and Wolbach (9) that neither mercuric chloride, 
Mersalyl, PCMB nor meth}’! mercurj' hj'droxide 
alter the spectrum of free ferriheme. Benesch and 
Benesch (13) also report that PMOH and PCMB 
Slave no effect on the absorption spectrum of hemo- 
globin. 

Measurements of the absorption spectra of mix- 
tures of the mercury diuretics, Neohydrin and 
Mercuhydrin, with hemin between 230 mp and 
G50 mp showed no alteration of the hemin or mer- 
cury compound spectra. Likewise no spectral 
changes were demonstrated in mixtures of the mer- 
cury compounds with hydrogen pero.xide. Mix- 
tures of hemin and hydrogen peroxide and of hemin, 
hydrogen peroxide and PMN in concentrations used 
in the activity experiments showed no differences 
in absorption spectra with the exception of a drop 
in absorbance due to the decomposition of the hydro- 
gen peroxide and of the hemin. The spectra were 
run within five minutes after adding the hydrogen 
peroxide. Haurowitz, et al. (15), report a short- 
lived addition product of ferri-heme with hydrogen 
pero.xide in aqueous media. This product is stabi- 
lized in pyridine and gives a characteristic absorp- 
tion spectrum . 

Under the conditions of our experiments, hemin is 
rapidly destroyed by the hydrogen peroxide during 
the reaction as shown by spectral evidence. The 
rate of destruction of hemin was measured by the 
same raetliod as was used in following the break- 
doivn of hydrogen pero.xide e.xcept that the absorb- 
ance was read at the 390 m^ and 580 mix maxima 
of hemin. The change in absorbance during the 
thirty minute period from five to thirty-five minutes 
is shown in Table III. The decomposition of hemin 
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is considerably faster at 25° than at 10° and the PMN 
inhibition of the decomposition reaction is rclativel}’ 
greater at the higher temperature 

Table III Etpect or PMN on the DnsTRUcrioN 
or Hemin by Hydrogen Peronidi: 

A In 

Absorli.incc at 300 rn/i >80 ni|i 
10'’ 25® 2r>® 

Hemin 0 'SOR 0 0:^8 0 075 

Hemin-PMN 0 233 0 380 0 040 


The reaction of hemin and hydrogen pcro\ide 
would appear to be as follows 

b 

Hemin + Hemin-HiO: 

" (complcN) 

— <• Products of 

H;0. decomposition (1) 
■^Decomposition 

of Ileiniii (II) 

Normally in the case of catalase reaction (1) is 
faster than reaction (II) Our data with henim show 
that reaction (II) is tlie faster under the conditions 
stated The organic mercuric compoimds inhibit 
both reactions (I) and (11) It docs not seem neces- 
sary nor justifiahle to [lostulatc two diflertiit modes 
of action for the mercury compounds In both 
instances they apparently work by preventing the 
breakdown of the heniin-HjOi complex Since we 
have no evidence for a hemin-iiicrciiry or a hydro- 
gen pcroxide-mcrcurv complex, the mercury com- 
pounds appareiitlv do not inhibit reaction (a). 
Inhibition of (/)) would result in the accumulation of 
the hemin-hydrogen peroxide complex making it 
observable spectroscopically For this we have no 
evidence The data, then, suggest a ternary com- 
pound which docs not decompose as rapidly as 
reaction (I) or (11) thus inhibiting both the catalytic 
property of the free hemin molecule and the decom- 
position of hemin by hydrogen peroxide. 

b 

Hemin -f- HiOj -f- Hg coiiipd. t=; 

a 

Hemiii-H.O..-llg coinpd — 

Products of » 

IDO. dccoinposition (III) 

Decomposition < (IV) 

of Hemin 

The rate of hydrogen peroxide breakdon n by catalase 
is constant both in the control and mercury treated 
solutions The rate of the hemin reactions (I) to 
(IV) decreases with time due to the simultaneous 
decomposition of the hydrogen peroxide and the 
hemin. 

This hypothesis of a ternary complex is supported 


by evidence from preliminary polarographic analj’- 
scs Polarograms of mixtures of the mercur>' com- 
pounds (0.5 X 10"< jll) and hemin (2 2 X lO'^ 
1/) showed no shift in half wave potentials The 
E'/i for hydrogen peroxide (1.25 X 10~2 j]f) ,yas 
— 0 840. When hemin was added to the half cell 
with the HjOj, the E'/: shifted to —0 4.58. The 
hemin catalyres the reduction of the hydrogen per- 
oxide thereby lowering the energy necessary for the 
polarographic reduction of the latter. The addi- 
tion of PMOH to the cell mixture shifts the jE‘/j 
negatively to —0 714. This negative shift suggests 
the formation of a complex which requires a greater 
■imount of energy for reduction than the hemin- 
hydrogen peroxide complex. 

SUMMARY 

Two mercurial diuretics, Ncoliydrin and 
Mcrciihydrin, inhibit the catalytic activity of 

< atalasc /« vilro Tliis inhibition is compared 
to that given by the same concentrations of other 

< .rganic mercury compounds. 

The organic mcrctiry compounds also inhibit 
the catalase activity of jiurified hemin in a sys- 
tem completely devoid of — SH groups. The 
tiestruclion of hemin by hydrogen peroxide is 
.dso inhibited by these compoimds. 

Spectroscopic and polarographic data indicate 
the necessity of postulating a hcinin-h\-drogen 
peroxide-organic nicrcun,' complex which is 
relatively stable. 

The inhibition of the enzymatic activity of 
catalase is suggested by analogy to involve the 
formation of a catalase porphyrin-hydrogen 
Iiero.xidc-organic mercurx- complex. 
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The Spectrophotometric Determination of Sterols 

in Wool Fat* 

By BLAKE F. PUTNEY and ROBERT CALVO 

Irregularities encountered in the application of the Liebermann-Burchard reaction to 
the determination of cholesterol, isocholesterol and their esters in wool fat unsapon- 
iiiables and wool fat have been investigated. Times and temperatures of color for- 
mation have been found critical in the determination of absorptivities and their 
analytical application. A satisfactory analytical procedure has been developed. 


l *HB WIDE USE of wool fat, its derivatives and 
fractions, in cosmetics and medicinals has 
necessitated a reliable method for determining 
the wool fat content of these preparations. The 
difficulty is that wool fat is a complex mixture 
of many constituents, which vary in their rela- 
tive proportions depending on the source of the 
wool and also on the process of extraction and pur- 
ification. The monograph of wool fat U. S. P. 
is scarcely more than a simple physical descrip- 
tion of the product and gives little indication of 
its chemical composition. 

The commercial availability of several wool 
fat fractions suggested to the authors that var- 
ious studies be carried out on these fractions to 
gain some insight into their chemical composi- 
tion. The spectrophotometric determination of 
cholesterol and isocholesterol appeared to be a 
good starting point for a chemical investigation 
of these products. 

The chemistry of wool fat has been reviewed 
by Lederer and Velluz (1) and Truter (2). The 
name, isocholesterol, as originally proposed for 
the steroid component found in wool fat unsapon- 
ifiable (in addition to cholesterol) has now been 
shown to be a mixture of four distinct compounds ; 
namely, lanosterol (lanostadienol), dihydrolanos- 
terol (lanostenol), agnosterol, and dihydro- 
agnosterol. The mixture has also been referred 
to quite commonly as “the triterpene alcohols of 
wool wax.” In this report, the name isocholes- 
terol, refers to the mixture of the triterpene 
alcohols described above. Some confusion also 
exists in the use of the name, lanosterol, in that 
the wool fat component to which it originallj’- 
referred has now been shown to be an equimolec- 
ular mixture of lanosterol and dihydrolano- 
sterol. The term, lanosterol, is used here to 
refer to the single alcohol component, also known 
as lanostadienol which us identical with krypto- 
sterol. 

* Received Maj' 7. 1957, from the laboratories of Rutgers 
University College of Pharmacy, Newark 4, New Jersey. 

Presented to the Scientific Section, A.Pn.A., New York 
meeting, May 2 , 1957. 


The Liebermann-Burchard reaction for quan- 
titative determination of cholesterol was first 
proposed by Grigaut in 1910, and has since been 
used extensively with many modifications (3) 
to determine the cholesterol content of the blood 
and other body fluids. Other spectrophoto- 
metric methods for determinations of cholesterol 
in blood have been reported by^ Pearson (4) and 
Zlatkis (5) ; no report was found of the use of the 
latter methods in determination of cholesterol 
or isocholesterol in wool fat. A gravimetric 
method for cholesterol in blood has also been 
widely used, but its use in wool fat analysis has 
been seriously questioned by Knol (6) . 

The different colors produced by cholesterol 
and isocholesterol when treated with L.-B. reagent 
uere first obsen-ed by Schulze in 1S90, and stud- 
ied extensively by Lederer and Tchen (7, S) . The 
latter obseiwed that, essentially, the same color 
reaction was given by the other sterols of the iso- 
cholesterol fraction as given by lanosterol, and 
suggested the use of lanosterol as a standard for 
the determination of the isocholesterol content of 
wool fat. 

The application of the L.-B. reagent to choles- 
terol esters has shown that the color is produced 
more rapidly and that the absorbance is great- 
er by approximatel)’^ 20 per cent for equivalent 
cholesterol content than in the case of free 
cholesterol (9). Similarly, Lederer and Tchen 
(7) reported a difference of about 5 per cent in the 
color produced by lanosterol and lanosteryl 
acetate. 

A recent publication by Luddy, ei al. (10), 
reported extensive work on the determination of 
cholesterol and isocholesterol (triterpene alco- 
hols) in wool fat. The chief modifications in this 
procedure involved the determination of iso- 
cholesterol at 550 mg, instead of the wavelength 
of the primar}' maximiun at 450 mg (Fig. 1); 
use of a spectrophotometer; and development of 
the color complexes at room temperature. This 
procedure was questioned because the tempera- 
ture was not controlled and standard solutions 
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of cholesterol and lanosterol were not run under 
the same conditions of tune and temperature as 
the unknown solutions Ducwell (11) has also 
reported use of the L B reaction for detennina- 
tion of cholesterol and isocholestcrol in wool 
fat 

EXPERIMENTAL 

Equipment. — A Bausch and Loiiib Spcctronic-20 
Spectrophotometer, equipped iMth .a Tlioin.is Roto- 
Cell Carrier AssembljU uitli a partitioned Corc\ 
cell having a light path of 1 cm , uas used The 
carrier uas equipped iiith a liquid cooling clninbcr 
through which water was passed in order to main- 
tain the desired temperature 

The samples were prepared in glass stoppered 
25-cc. mixing cylinders of low actinic glass 

Reagents. — The cholesterol (Eislicr Scientific 
Co ) was recrystallized from alcohol-w.itcr and dried 
at 80° for three hours, m p’ 118 5 9 0°, [aJi” 
(CHCU), -38 8° 

Cholesterj'l acetate (Brothers Chcinic.il Co ) 
was recrystallized from .acetone and dried at 80° 
for three hours, m p 113 5-114 0° 

Initially, the lanosterol used was obt.iiiicd bv iso- 
lation from wool fat bv the method of Dorcc .uid Gar- 
ratt (12). ra p 138-138 5° Later, a siinplc of 
"pure lanosterol' (Organon Laboratorus Ltd , 
London. England)’ in p 137 5-138 0°. fa|j” 
(CHCU). -f56 5°, was used 
Lanosteryd acetate was prepared by rentiving 
lanosterol with an excess of acetic aiih) dridc, crj s- 
tallized from alcohol nr acetone and dried at 80° 
for three hours, in p 123-125° The acetate pre- 
pared from the commercial lanosterol, after drj'iiig 
at 80° for three hours, had am p of 120-128° 
Special peroxide free 1,4-dioxaue (Fisher Scientific 
Co, cat no D-111) was used 
Reagent grade chloroform, sulfuric acid, acetic 
anhydride, acetic acid, and wool fat. USB, were 
used 

The Liebermann-Burchard reagent was prepared 
by the method of Luddj' (10) 1 xolumc of cold 

(0°) concentrated sulfuric acid was added to 4 
volumes of acetic anhydride immersed in an icc- 
salt bath The acid was added slowlv with shaking 
to prevent discoloration of the reagent at this point 
The acid-aiihydride mixture was then diluted w itli 2 5 
volumes each of glacial acetic acid and 1,4-dioxaiic 
and stored at 0° The reagent is relativclj' unstable 
and should only be used on the day of its preparation 
It should be rejected if a brown color develops dur- 
ing use 

Stock solutions. — Stock solutions of the sterols 
and their acetates were prepared in reagent grade 
chloroform The solutions had concentrations in 
the range of 6 to 12 nig of sterol in 100 cc of solu- 
tion Wool fat solutions were prepared to eontaiii 
25 to 35 mg of xxool fat in 100 cc of solution The 
solutions of wool fat uiisaponifiable were made to 


1 A H Thomas Co , Phila , Pa 

2 All m p 's are corrected 

* The authors wish to express their appreciation to Mr K 
A Newcomb of the Malmstrom Chemical Corp , Newark, 
N J , for obtaining this sample 



loinplcxcs of cliolcstcrol and lanosterol (10) 


contain 12 to 10 mg of uiisaponifiable in 100 cc of 
'olulioii 

Procedure. — Ten cubic centimeters of the solu- 
tion to be aii.ilvzcd was pipetted into a 25 cc mix- 
ing ciliiider and 5cc. of cold L -B reagent was added 
.\ blank consisting of 10 cc. of chloroform and 5 cc 
ofL-B reagent w. as prepared simultaneously Im- 
mediately after adding the reagent, a stop watch 
w.is started, the cj-liiider inx’crtcd sexer.al times and 
placed in a constant temperature bath, maintained 
.It 30° and protected from light The length of time 
for a sample in the batli x’aricd, as indicated in Table 
I. ill order to allow the color to reach its maximum 
intcnsitv after the solution w as placed in the spectro- 
photometer Water from the bath, at 30°, was 
passed through the cooling chamber of the carrier 
asscniblv 

-\bsorbances were taken at two-minute intervals, 
reading first at 550 nip and then at 030 mn Dur- 
ing the assay, the cell was tunied so that light 
passed through tlie solution only while readings were 
being taken 

Calculations. — In determining the absorptivi- 
ties, the absorbances of cholesterol, lanos- 
terol, and their respective acetates were taken at 
030 ni/u (the wavelength at which maximum light 
absorption occurs for cholesterol and its esters) 
and at 550 mji (the xvax'elength at w Inch a secondary 
maximum of absorption occurs for lanosterol and 
its esters) Fig. 1. This was done in order to take 
into account the colored isocholesterol derivatives 
hax’iiig appreciable absorption at the wavelength 
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at which the cliolesterol color complex has its maxi- 
mum and vice versa. From these data the absorb- 
tivity was calculated as follows: 

Absorptivity (ox) = Absorbancc/Concn. (Gm./L.) 

X length of light path (cm.) 

These absorptivities (Table II) were then used in the 
calculation of cholesterol-lanosterol mixtures (Table 
III) and cholesterj'l acetate-lanosterjd acetate mix- 
tures (Table IV). The following equations were 
employed to determine the amounts of the respective 
sterols in the solutions: Cholesterol (Gm./L.) = 
(^63oOt - A5soOi')/(a£ao “ at'oc'): Lanosterol 
(Gm./L.) = (.dssoOc — Ae3ii<2c')/(aLac ■— ai,'ac') 
in which Am and Am are the absorbances of the 
solution at the respective wavelengths; ac and 
ac' are the absorptivities of cholesterol (or choles- 


terj'l acetate) at 630 and 550 tn/i, respecth-ely; 
ol and ai' are the absorptivities of lanosterol (or 
lanosterj'l acetate) at 550 and 630 m;i respectively. 

In order to determing the significance of the rate 
of color development on the results obtained in the 
following analj'ses, the calculations were carried out 
in tw'o waj's 

Method I. — ^The absorbances emplo\-ed in the 
calculations were those observed at the time of max- 
imum color development for the sterols being deter- 
mined For example, on calculation of a mixture of 
cholesterj'l acetate and lanosterj-l acetate, the 
absorbances were those observed at 18 minutes at 
630 mp and 30 minutes at 550 mu The absorptivi- 
ties emploj'ed were those previouslj" found at the 
corresponding times (Table II), ac and at' at IS 
minutes and at and ac' at 30 minutes In the analy- 
sis of cholesterol-lanosterol mixtures, absorbances 


Table I. — Time Allowed for Color Developmem and Reading of Absorbance of Solutions 



Time 

Reading Times, 

Maximum Color 


to bath 

Mid 


Time, 

Wa\elength 

Sample 

Mm 

Init 

Final 

Mm 

m^i 

Cholesterol 

18 

20 

32 

24 

630 

Cholesteryl Acetate 

10 

14 

32 

18 

630 

Lanosterol 

20 

24 

32 

28 

550 

Lanosterj’l Acetate 

15 

18 

34 

30 

550 

Wool Fat or Acetate mixtures 

10 

14 

32 

18 

630 





30 

550 

Wool fat unsaponifiables or free sterol mixtures 

18 

20 

32 

24 

630 




28 

550 


Table II. — ^Absorptivities of Liebermann-Bdrchard Color Complexes of Sterol Components of 

Wool F.xt 



Cholesterol 

Choi 

Acetate 

Lanosterol 

Lano 

Acetate 

Time, 

C30 

550 

030 

550 

630 

550 

630 

550 

(Min ) 

tQM 




m^ 

mp 


xnp 

14 



5 35 

1 77 





16 



5 44 

1 76 



0 28 

4 00 

18 

4 75 

1 59 

5 43 

1 71 



0 30 

4 51 

20 

4.84 

1.60 

5 34 

1 (i5 



0 32 

5 05 

22 

4.88 

1 60 

5 26 

1 60 



0 32 

5 41 

24 

4 92 

1.59 

5 13 

1 60 

0 47 

5 19 

0 32 

5 52 

26 

4 86 

1 58 

5 02 

1 54 

0 49 

5 33 

0 36 

6 72 

28 

4 79 

1 54 

4 88 

1 56 

0 51 

5 44 

0 34 

5 89 

30 

4 72 

1 53 

4 76 

1 52 

0 53 

5 44 

0 34 

5 95 

32 

4 63 


4.64 


0 54 

5 37 

0 34 

5 90 

34 

•• 




0 56 

5.25 

0 34 

5 89 


Table III. — Results of Analysis of Cholesterol-Lanosterol Mixtures and of Wool Fat Unsapon- 
ifiables and Comparison of Results Obtained by Two Methods op Calculation 


Cholesterol Lanosterol 


Sample 

Taken® 

Found^, % 

Method Method 

Taken® 

Founds, 
Method Ic 

% 

Method 11' 

147-A<' 

0.0243 

100 3 

100.3 

0 0209 

102 4 

102 7 

147-B'* 

0.0318 

103 1 

104 0 

0.0390 

100.6 

100 4 

147-C‘' 

0 0492 

102.4 

102 6 

0 0309 

103 1 

103 3 

147-D‘' 

0.0299 

101 7 

97.7 

0 0390 

100 3 

103 0 


Average 

101 9 

101 0 


101 6 

102 4 

152-A' 

0.1108 

41.7 

40 9 


28 2 

28 8 

152-B' 

0.1089 

41.5 

41 5 


28 1 

28 7 


Average 

41 6 

41 2 


28 2 

28.8 


° The concentration of sterol (or nool fat unsaponifiable) in the color solution expressed as Cm /I, 

^ PercentaRe of known amount of component, found on analysis of mixtures of sterols For wool fat unsapomfiables, per- 
centaRe of cholesterol or isocholesterol (calculated as lanosterol) in wool fat unsaponifiable. 
r See text, d Known mixtures of sterols * Wool fat unsaponifiable. 




208 


Journal of the AircRiCAN Pharmaceutical Association Vol. XLVII, No 3 


were those observed at 24 minutes at 030 mu and 
28 minutes at 550 m/t, absorptivilics were also at 
24 and 28 minutes, respectively 

Method II. — In order to eliminate the long time 
for taking readings necessitated in Method I, calcu- 
lations were made using the average time bctncen 
the respective tunes of maximum color develop- 
ment. In the case of the acetate mixtures de- 
scribed above, the absorbances and the absorptivi- 
tics were all taken at 24 minutes In analysis of 
cholesterol-lanosterol mixtures, the average tunc of 
26 minutes was used 

Calculation by Method 1 nas found to give s.itis- 
factory results in all cases (Tabic III .md IV) 
Method II gave satisfactory results for cholesterol, 
lanosterol and cholesterj 1 acetate, but for laiiosteryl 
acetate, the results were much less precise than the 
results obtained by Method I The tii o methods of 
calculation gave fairly consistent results iilicii whole 
wool fat was analyzed for combined chok sterol and 
isocholesterol (as cholcsteryl acetate and lanostcryl 
acetate) 

DISCUSSION 

In the determination of maximum color develop- 
ment under controlled temperature, it w as found that 
there was a wide variation in the time necessary for 
maximum color deiclopinent of cholesterol, lanos- 
terol and their acetate esters (Fig 2) Cholcsteryl 
acetate develops its ina.ximum in approximately 18 
minutes, while free cholesterol develops its maxi- 
mum color in about 24 minutes As previously 
found by other iincstigators (9), the absorbance of 
the cholcsteryl acetate color complex was about 
20' 0 greater than the absorbance produced by an 
equivalent amount of cholesterol On the other 
hand, laiiosteryl acetate was found to require ap- 
proximately .K) minutes for maximum color develop- 
ment, while free lanosterol required only 28 min- 
utes. As with cholesterol, the absorbance of the 
lanosteryd acetate color complc-x was found to be 
about 20% greater than the absorbance of an equiv- 
alent amount of lanosterol. Ledercr and Tclicn 
(7) had reported a difference of only 5% for lanos- 
terol and lanosteryl acetate This variation in 
time and extent of color development was found to be 
significant in the determination of the amounts of 
esterified cholesterol and lanosterol in niLxtures of 
their acetates The absorbances taken at an ax'cr- 
age time (24 minutes) appeared to be less accurate. 



acetate and lanostcryl acetate. • Cholesterol, 030 
iii/i; O Cholcsteryl acetate, 030 mil ; A Lanosterol, 
.5.50 ina; A Lanostery 1 ncct.ite, 550 mp. 


for lanostcryl acetate in particular, than the absorb- 
ances taken at 18 inimites for cholcsteryl esters 
(wavelength 0.30 nip) and at 30 minutes for lanos- 
teryl acetate (wavelength 550 nip) (Table IV) 
The difference of time for color development of 
uncsteriricd cholesterol and lanosterol is much less, 
4 minutes, and therefore, an average time (20 
minutes) may be used willioiit a great loss of pre- 
cision (Table III, Fig. 3). 

In order to determine the reliability of the analyt- 
ical method on unknown samples of wool fat, these 
samples were analyzed, and tlie content of choles- 
terol and isocholcstcrol esters, calculated as choles- 
tcryl and lanostcryl acetates w as determined .After 
adding known increments of cholcsteryl and lanos- 
tcryl acetates, the solutions were again analyzed 
The concentrations of the new solutions were esti- 
mated on the basis of the sum of the pure ester 
(cholcstery-1 or lanostcryl acetate) added and the 


Table IV Results Obtained on Analysis of Cholesterx'l Acetate-Lanosterxx Acetate Mixtures 
and or IVooL Fat and Comparison of Results Obtained by Two Methods or Calculation 



Cholesteryl Acetate 

VoundK % 

® Metliod Ifc 



Sample 

1 aken° 

Method 1 

Taken“ 

Found 
Method ic 

% 

Method 

148-A'' 

0 0414 

98 1 

98 5 

0 0274 

102.5 

107.1 

148-B‘' 

0 0505 

99 1 

100 6 

0 0302 

104 6 

106 4 

148-C'' 

0.0252 

101 3 

101 3 

0.0549 

102 4 

109 7 


Average 

99 5 

100 1 


103 2 

107 8 

150-A' 

0 2367 

23 1 

23 0 


16 S 

16 8 

150-B' 

0.1720 

23 0 

23 3 


16.1 

17 6 


Average 

23 1 

23 1 


16,4 

17 2 


° The concentration of sterol (or 5\ool fat) in the color solution expressed as Gm /L 

6 Percentafce of known amount of component, found on analysis of acetate mixtures For wool fat, percentage of choles- 
terol and isocholesterol esters m wool fat, calculated as cholcsteryl or lanosteryl acetates 
* See text ^ Known mixtures of acetate esters « Wool fat 
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Fig 3 — Plot showing the relation of time to the 
absorbances of sample runs of wool fat and wool 
fat unsaponifiable at 550 and 630 m^. O Wool fat, 
030 mil, A Wool fat. 550 mju; 9 Wool fat, unsap , 
630 niju, A. Wool fat unsap , 550 npi 


Table V. — Results of Analysis of Wool Fat 
Plus Added Amounts of Cholesteryl and 
Lanostervl Acetates 



Cholesterol Esters 

Isocholesterol Esters 

Sample 

Taken" 

Found b, 

% 

Taken" 

Founds, 

% 

150-A-2 

0 0647 

100 9 

0 0507 

101 4 

150-A-3 

0 0748 

102 0 

0 0617 

104 5 

I60-A-4 

0 0697 

103 7 

0 0563 

101 6 

150-A-5 

0 0596 

102 4 

0 0462 

97 3 

150-B-2 

0 0446 

99 8 

0 0332 

103 9 

I50-B-3 

0 0496 

100 8 

0.0387 

100 8 

150-B-4 

0 0547 

102 0 

0.0442 

104 3 

150-B-5 

Average 

0 0697 

100 8 
101 6 

0 0496 

102 4 
102 0 


® Tbe estimated concentfation of solution, on basis of 
amount of cholesteryl and isocholesteryl esters (calculated as 
cholesteryl and lanosteryl acetates) found tn ivool fat on 
analysts, plus added amounts of cholesteryl and laoosferjl 
acetates, e^p^essed as Gm /L 

b Percentage of estimated quantity found on analysis 


of cholesterol and lanosterol. The results obtained 
agreed with the estimated concentrations of the solu- 
tions (Table VI) 

A further test to determine the reliability of the 
method for estimating the amount of cholesterol and 
isocholesterol in wool fat was made by calculating, 
on the basis of molecular weight, the amounts of 
free sterols equivalent to the esterified sterols found 


Table VI.— Results of Analysis op Wool Fat 
Unsaponipiables Plus Added Amounts of 
Cholesterol and Lanosterol 



Chole'^terol 

Icocholesterol 

s tmple 

Taken" 

round 

% 

Taken" 

Foundlj, 

T 

152-C 

0 0559 

98 3 

0 0374 

100 4 

152-D 

0 0657 

98 9 

0 0436 

100 4 

i54-C 

0 0489 

100 4 

0 0322 

102 3 

I54-D 

Average 

0 0586 

101 2 

99 7 

0 0384 

99 8 
100 7 


* The e'itunated concentration of solution on basis of 
amount of cholesterol and iSocholestero! (calculated as lanos- 
terol) found m wool fat unsaponifiables on analysis plus 
added amounts of cholesterol and lanosterol, expressed as 
Cm L 

b Percentage of estimated quantity fovind on anal>sis 


ill wool fat This value was compared to the amount 
of free sterols in n ool fat estimated on the basis of 
total unsaponifiable from wool fat and the free 
sterols found in the unsaponifiable The calcula- 
tions indicate that comparable results were obtained 
for cholesterol bj' either method of estimation 
(Table VII). In the case of isocholesterol, the 
results obtained by estimation of lanosterol equiv- 
alent to the lanosteryl acetate found in whole wool 
fat w ere somew hat higher than those obtained on the 
basts of the free lanosterol in wool fat unsaponi- 
fiable 


Table VII —Comparison of Results Obtainxl 
BY Determination of Sterols in Wool Fat Di- 
rectly AND Determination op Sterols in Wool 
Fat Unsaponifiables 


Cholesterol esters, calcd as acetate 

23 

0% 

Free cholesterol equiv. to acetate 

20 

8% 

Isocholesterol esters, calcd as lanos- 



teryl acetate 

16 

5% 

Free lanosterol equiv to lano acetate 

15 

0% 

Unsaponifiable (49.3% of wool fat) 


Cholesterol 

41 

0% 

Equiv alent amt in whole vv ooi fat 

20 

5% 

Isocholesterol calcd as lanosterol 

2S 

1% 

Equivalent amt in whole wool fat 

13 

SVo 


amount of the esters calculated to be present on the 
basis of the original analysis. The results obtained 
were found to agree with the estimated content of 
the solutions (Table V) Wool fat unsaponifiables 
were treated in the same manner with added amounts 


CONCLUSIONS 

The application of tlie spectrophotoinetric method 
of Luddy, et al. (10), in the present work was found 
to require modification The difficulty in its applica- 
tion lies in the variable rate of development of the 
color coinple.\es of cholesterol, isocholesterol, and 
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their esters, and in the rapid deterioration of the 
complexes after formation. 

The rate of development of the color com- 
plexes was affected greatly by temperature varia- 
tion. The earlier workers had allowed the reac- 
tion to proceed at room temperature, variations of 
which gave inconsistent results The first step in 
this work was to control the temperature of the re- 
action mixture, so that the rate for each separate 
component would be constant A bath tempera- 
ture of 30° was selected because it was easier to main- 
tain and the rate of color development was in- 
creased in some cases 

Luddy, el a ! , used the absorptivilies of the cho- 
lesterol and lanosterol complexes for the i alcula- 
tion of all solutions whether they contained the free 
sterols or their esters They inserted a factor in the 
calculation of combined cholesterol to take into 
account the 20% greater light absorption liy the 
color complex of cholesterol esters as compared to 
the comple.x of free cholesterol. They did not use 
a factor in calculating combined isocholestcrol on 
the assumption that light was absorbed to the same 
extent by the color complc.xcs of both combined and 
free isocholesterol (10). On the contrary, it was 
found in this work that the laiiostcryl acetate com- 
plex also absorbed about 20% more light than the 
free lanosterol complex 

The difference in rate of development of and 
amount of light absorption by the color complexes of 
the free sterols and their esters was overcome by de- 
termining the absorptivities of the complexes of 
cholesterol, lanosterol, and their acetates at the i\ avc- 
length and time of maximum light absorption for 
the cholesterol complex (030 niii) and the htiios- 
lerol complex (550 m/i). The free sterols, as in 
wool fat unsaponifiables, were calculated by employ- 
ing the absorptivities of the cholesterol and 
lanosterol complexes; and the combined sterols, as 
in wool fat, by employing the absorptivities of the 
cholesterjd and lanosteryl acetate complexes. 
The utilization of different absorptivity values 
corresponding to the free sterols and their esters 
takes into account the difference of light absorption 
by the various color complexes The variation in 
rate of development is compensated for by using the 
absorptivities at the respeetive times of maximum 
light absorption. 

This procedure may be applied to the determina- 
tion of combined sterols in wool fat directly, or to 
the detennination of free sterols in n ool fat urisapoii- 
ifiable The former application has the advantage 
that no previous treatment is necessary, but appar- 
ently this method is less reliable and also requires 
absorbances of unknown solutions to be observed 
at two different times The determination of free 


sterols ill wool fat uiisaponifiable, seems to be more 
accurate and is less difficult to run because the differ- 
ence of time for maximum color development is less, 
and it has been shown that the use of an average 
time between these two maxima gives results which 
are consistent with those obtained by observation of 
absorbances at two different times. 

This method is suggested for the determination 
of wool fat sterols in cosmetic and medicinal prepara- 
tions and current investigation is being carried out 
along tlicsc lines 

SUMMARY 

1. A inoclificd procedure for the spectrophoto- 
inetric detennination of cholesterol and iso- 
cliolcsterol is presented. This method involves, 
the control of temperature during the develop- 
ment of the Liebennann-Burchard color com- 
plexes, the detennination of absorptivities 
of the various sterol components at the time of 
inaxininm color development, and the use of the 
absorptivities of cholesteryl and lanosteryl 
acetate color complexes in detennination of 
combined cholesterol and isocholestcrol in wool 
fat. 

2. This procedure can be applied to the deter- 
mination of combined cholesterol and isocholes- 
tcrol (as cholesteryl and lanosteryl acetates) 
in wool fat directly and also to the detennination 
of free cholesterol and isocholesterol in wool fat 
unsaponifiables. 

3. Data are presented showing results ob- 
tained on application of the method to both wool 
fat and wool fat unsaponifiables. 
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The Identification and Quantitative Analysis of 
Certain Quaternary Ammonium Compounds using 
Ultraviolet Absorption Spectra* 

By M. PERNAROWSKI and L. G. CHATTEN 

The ultraviolet spectra of four quaternary ammonium compounds, 1-hexadecylpyri- 
dinium chloride, /'-diisobutyl-phenoxy-ethoxy-ethyl-dimethyl-benzyl ammonium 
chloride, dodecyl-acetamido-dimethyl-benzyl ammonium chloride, and fie/<z-phe- 
noxy-ethyl-dimethyl-dodecyl ammonium bromide, are reported. The use of the 
spectral characteristics of these compounds in the identification and analysis of the 
pure substance are discussed. The application of the ultraviolet procedure to the 
analysis of commercial preparations containing quaternary ammonium compounds 

is described. 


'T'hb introduction of the quaternary ainmo- 
niutn compounds into commerce provided 
industry with a unique substitute for the toxic 
phenol-type disinfectants. Their widespread use 
in various industrial operations has presented to 
the analyst a challenging problem in separation, 
identification, and quantitative analysis in such 
unrelated substances as eggs (1), milk (2), shrimp 
(3), and beer (4). There have been two basic 
approaches to the analysis of quaternary ammo- 
nium compounds. The first involves the prepara- 
tion of an insoluble derivative of the quaternar}’’ 
ammonium compound and the second involves 
titration of some portion of the molecular entity. 

Substituted ammonium compounds are ca- 
pable of reacting with certain anions to form salts 
which are either insoluble or which may be ex- 
trated from the reacting phase by means of 
organic solvents. Examples of such insoluble 
salts are the ferricyanides, ferrocjmnides, silico- 
tungstates, dichromates, and permanganates. 
Wilson (4) has described a procedure involving 
the preparation of the ferricyanide salt of the 
quaternary ammonium compound. Tilson, Ei- 
senberger, and Wilson (5) showed that these 
basic tjqje compounds were capable to reacting 
with ammonium reineckate. By preparing these 
reineckates and determining their optical crys- 
tallographic properties, they were able to identify 
a large number of quaternary^ ammonium com- 
pounds. By far the most common approach to 
the analysis of this type of compound has been 
the preparation of a complex using indicators 
such as bromophenol blue of bromocresol green 
(1,3, 6-12). The procedure involves the coupling 
of the quaternary ammonium compound with the 
indicator and determining its color intensity in 
a suitable photoelectric colorimeter. 


Several volumetric procedures have been 
reported for the determination of quaternary 
ammonium compounds. Carkhuff and Boyd 
(13) titrated 1-hexadecylpyridinium chloride 
using sodium lauryl sulphate solution and methyl 
yellow indicator. 

Pifer and Woolish (14) showed the quaternary 
ammonium compounds could be titrated in non- 
aejueous solvents with acetous perchloric acid. 
Caswell (15) reported that the halogen portion of 
the molecule could be titrated with silver nitrate 
solution either electrometrically or with dichloro- 
fluorescein indicator solution. 

Experience in this laboratory with ultraviolet 
absorption spectroscopy appeared to indicate 
that the spectra of these compounds might 
offer a means of both qualitative and quantita- 
tive analysis for various commercial prepara- 
tions. While this investigation was in progress, 
a preliminary report on the absorption spectra 
of two of the quaternary ammonium compounds 
discussed in this paper was published by Caswell 
(16). 

EXPERIMENTAL 

This stud}' included the following compounds: 
l-hexadecylpyridinium chloride (Ceepryn® chlo- 
ride; cetylpyridinium chloride); p-diisobutyl-phc- 
noxy-ethoxy-ethyl-dimethyl-benzyl ammonium 
chloride (Phemerol® chloride; benzethonium chlo- 
ride; pheneride; Hyamine 1022®); dodecyl-acet- 
amido-dimethyl-benzyl ammonium chloride (Nopco- 
cide K®); and Beta-phenoxy-ethyl-dimethyl- 
dodecyl ammonium bromide (Bradosol®).’ 

The pure crystalline quaternary ammonium com- 
pounds were analysed b}' titration in a nonaqueous 
solvent prior to use. A sample of the quaternar}' 
ammonium compound was weighed, dissolved in 50 
ml. chloroform and 2 ml. of G% mercuric acetate in 
glacial acetic acid and titrated withO.05 A'^ perchloric 


* Received August 5. 1957 from the Food and Drug Direc- 
torate, Department of National Health and Welfare, Ottawa, * Synonyms taken from the manufacturer’s literature or 
Ontario, Canada. The Merck Index^ 
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acid in dioxane. Methyl red (0.1% solution in gla- 
cial acetic acid) was found superior to crystal violet 
in these titrations and was, therefore, used in all the 
analysis. The solvent system described by Pifer 
and Woolish (14) was found to be equally satisfac- 
tory. 

All preliminary ultraviolet spectra were obtained 
by scanning a suitable solution from 200 m/i to 300 
mju on a Cary recording spectrophotometer. After 
maximum and minimum points had been established, 
analyses of solutions of quaternary ammonium com- 
pounds were conducted using a Beckman DU spec- 
trophotometer. 

(a) 1-Hexadecylpyridinium chloride. — The spe- 
cific extinction coefficient (a,) of l-hcxadccyl|)yridi- 
nium chloride was calculated from the absorbancy 
(As) value observed for a solution containing 0.025 
mg. per ml. One cm. cells were used in all deter- 
minations. This value of Oj was used to determine 
the concentrations of all subsequent solutions pre- 
pared in this laboratory. A series of solutions were 
prepared to contain between 0.01 to 0.05 mg. of 
the quaternary ammonium compound per ml. 
From calculations of the molar extinction coefficient 
(orn) and from a plot of Aj against the concentra- 
tion, it would appear that Beer's Law is obeyed. 
Table I records the results obtained. 

Figure 1 shows the ultraviolet absorption spec- 
trum of 1-hexadecylpyridinium chloride. The 
ultraviolet characteristics of this compound arc 
recorded in Tabie II. The value of nm at 259 in/i, 
the point of peak absorbancy, was approximately 
4280. This figure represents the average value 
found for ten determinations representing two sep- 
arate sets of solutions. An approximate error of 1 % 
was noted between these two sets of determinations. 

(b) f)-Diisobutyl - phenoxy - ethoxy - dimethyl- 
benzyl Ammonium Chloride. — The procedure fol- 
lowed was essentially the same as that reported in (a). 
The solutions studied had concentrations ranging 
from 0.08 to 0.40 mg. of the quaternary ammonium 
compound per ml. Both the molar extinction co- 
efficient and the absorbancy-concentration graph in- 
dicated that Beer's Law was being obeyed. The val- 
ue of Om at 209.5 mu. the point of peak absorbancy, 
showed only slight variation over the whole absorb- 
ancy range of the Beckman DU spectrophotometer. 
This is shown numerically bj' the low standard devia- 
tion reported in Table II. Figure 2 shows the ultra- 


violet spectrum of ^-diisobutyl-phenoxy-ethoxy- 
dimethyl-benzyl ammonium chloride. 



m^ 

Fig. 1. — The ultraviolet spectrum of 1-hexadecyl- 
pyridinium chloride. 


Taule I. — Recovery of Quaternary Ammo.vium 
Compounds from Preparatio.ns of 
Known Co.'uposition 


Quaternary Ammonium 

Purity 

by 

Xon* 

aqueous 

Titra- 

tion, 

Recov- 

ery 

Spcctro- 

photo- 

raetric, 

Stand- 

ard 

Devia- 

tion 

Compound 

% 

Vc 

« = 0 

l-Hexadccylpyridinium 

chloride 

99.8 

100.4 

-fi.i 

d-Phenoxy-ethyl-dimethyl- 
dodccyl .Ammonium 
Bromide 

100.0 

101.0 

±1.7 

Isododccyl-acetamido- 
dimethyl-bcnzyl Ammo- 
nium Chloride 

100.0 

99.1 

±2.0 

/>-Diisobntyl-pheno.xy- 
cthoxy-cthyl-dimclhyl- 
bcnzyl Ammonium 
Chloride 

99.4 

100.0 

±1.0 


Table II. — Ultraviolet Absorption Characteristics of Four Quaternary Ammonium Compounds 


Quaternary Ammonium Compound 

l-Hexadecylpyridinium chloride 

Beta-Phenoxj'-ethyl-dimethj'l-dodecj'l- 
Ammonium Bromide 
Isododecyl-acetamido-dimethjd-benzyl 
Ammonium Chloride 

^-Diisobutyl-phenoxy-ethoxy-ethyl-di- 
methyl-benzjd Ammonium Chloride 


Maxima 

Minima 

259 


268.5 

272.5 

274.5 


263 

260 

257.5 

267 

269 


269.5 

265 

264 

272 

275 



Shoulders 

Optimum 

Concentration 

mg./ml. 

254r-255 

0.04 

264-265 

263-264 

0.20 

252-253 

0.50 

257-259 

0.15 

280-281 



Om 

4280 ±0.7% 
1285 ±1.5% 

425 ± 1.9% 
1430 ± 0.6% 


“ Values of am reported are for the wavelengths underlined. Standard deviations are reported immediately after the an 
value. 
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This quaternarj' ammonium compound was one of 
the two reported in this paper that had been studied 
by Caswell (16). Table II and Fig. 2 show that this 
compound has three points of peak absorption. 
Caswell reported similar observations, indicating 
that ultraviolet maximum occurred at 264 mu, 
269 m/i, and 274 m/i. Within experimental limits, 
these results agree well with those observed in this 
laborator}’’. 

(c) Beta-Phenoxy-ethyl-dhnethyl-dodecyl Am- 
monium Bromide. — Solutions were prepared and 
diluted so that the concentration of the quaternary 
ammonium compound varied from 0.05 to 0.30 mg. 
per ml. Absorbancy-concentration graphs and the 
am values at 268.5 indicated that Beer's Law was 
being obeyed. There appeared to be a slight vari- 
ation between two sets of solutions. The average 
Om value for one set was approximately 1275 while 
that observed for the other set was approximate^' 
1300. In both cases, however, the standard devia- 
tion indicated that either answer was within the 
experimental limits set bj' an}' one series of solutions. 
The average value is reported in Table II along with 
other ultraviolet characteristics of this compound. 
Figure 2 shows the spectral curve for /3-phenoxy- 
ethyl-dimeth 5 d-dodecj’l ammonium bromide. 

(d) Dodecyl-acetamido-dimethyl-benzyl Ammo- 
nium Chloride. — ^The specific extinction coefficient 
for this compound was determined in the usual way. 
The concentrations of the solutions varied from 0.1 
to 1.0 mg. of the quaternarj' ammonium compound 
per ml. Graphical evaluation and am values at 
263 m/i indicated that Beer’s Law was being obe 3 'ed. 
There appeared to be a slight difference in am values 
in those cases where the concentration of the quater- 
nary ammonium compound fell to approximately 
0.1 mg. per ml. and exceeded 1.0 mg. per ml. These 
slight deviations may be expected since the concen- 
trations represent very high and verj' low absorbancj' 
values. These deviations represent an approxi- 
mate error of 2% in calculation of percentage re- 
covery from a known preparation. 

The ultraviolet characteristics of dodecyl-acet- 
amido-dimethyl-benzj'l ammonium chloride are re- 
ported in Table II. An ultraviolet spectrum of this 
compound is shown in Fig. 2. This quaternar 3 ' 
ammonium compound, although not reported in 
tabular form by Caswell (16), was discussed in the 
text of the paper. He reported that this compound 
showed the same ultraviolet characteristics as did 
alkyl-dimethyl-benzyl ammonium chloride and cet 3 'l- 
dimethyl-benzyl ammonium chloride. Evidently 
the absorption appears to be characteristic of the 
benzyl group. There was excellent agreement be- 
tween the results obtained in this laborator 3 ' and 
those reported by Caswell. 

The following general procedure is recommended 
for estimating the concentration of compounds of the 
type mentioned in this paper. 

Weigh accuratel 3 ' the quaternary ammonium 
compound and dissolved in sufficient ivater to make 
the concentration such that it will be suitable for 
ultraviolet examination. Dilution of the original 
solution by the aliquot procedure mo 3 ' be required. 
Since man 3 ' quaternar 3 ' ammonium compounds are 
marketed in an aqueous solution, dilution to the 
required concentration may be the onl 3 ' step re- 
quired. Transfer a portion of the solution to a 1-cm. 
cell, and using water as the blank, scan the solution 



Fig. 2. — The ultraviolet spectra of three quaternary 
ammonium compounds. 


on the Car 3 ' recording spectrophotometer from 220 
to 300 m/i. Determine the absorbancy from the 
chart record or by using a Beckman DU spectro- 
photometer set at the required wave length. By 
observing the characteristics of the spectra and from 
the value of flm obtained for the compound, the 
quaternary ammonium compound ma 3 ' be identi- 
fied with some degree of certainty. For the pur- 
poses of this paper, the Op, value at peak absorption 
has been reported. Values for Om at any other ab- 
sorption maxima or minima may be calculated for 
the purposes of identification. Where the original 
concentration of the quaternar 3 ' ammonium com- 
pound is unknown, a standard should be run under 
identical conditions to establish o* values. 

DISCUSSION 

There appears to be a certain amount of similarity 
between three of the four spectra. Dodecyl-acet- 
amido-dimethyl-dodeC3d ammonium bromide, and 
p - diisobutyl - phenoxy - ethoxy - eth 3 'l - dimethyl- 
benz 3 ’l ammonium chloride both show an absorption 
maxima at 269 m/i. At this point, only Om values 
would serve to distinguish the compounds. In addi- 
tion, the first and last compounds also show absorp- 
tion maxima at approximately 264 m/i. Similarly, 
the second and third compounds show similarit)’ in 
the region 274 m/i . The actual differences are best 
seen in Fig. 2. In this figure, Om values have been 
plotted against the wave length. It will be noted 
that tlie point of greatest difference between ff- 
phenox 3 '-eth 3 -l-dimethyl-dodecyl ammonium bro- 
mide and /)-diisobut 3 'l-phenoxy-eth 3 'l-dimethyl-ben- 
zyl ammonium chloride lies at 275 m/x. This point 
is, therefore, a ke 3 ' point in positive identification of 
the quaternar 3 ' ammonium compound. Experi- 
mental errors may give inconclusive results at 269 
m/I or at 263 to 264 m/i. No difficult 3 ' should be 
experienced in distinguishing between dodec 3 'l- 
acetamido-dimeth 3 -l-benz 3 'l ammonium chloride and 
the above mentioned compounds. 1-Hexadecyl- 
P3'ridinium chloride presents no problem because 
its peak absorption occurs at much lower wave- 
lengths. 
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The method described was applied to several 
pliarmaceutical preparations containing quater- 
nary ammonium compounds. Witli commercial 
preparations, it was found that the precision of the 
method was quite good. One of tlie major difficul- 
ties with pharmaceutical preparations was the 
presence of dyes in cither the aqueous solutions or 
the tinctures. These, if present in high concentra- 
tion, interfered with the analysis. The characteris- 
tics of the absorption curve, in the cases studied, 
were not altered and, therefore, it was still possible 
to identify the quaternarj’ ammonium compound. 
In one commercial preparation analyzed, results 
obtained were approximately 30% higher than that 
stated on the label but the quaternary aininoniiim 
compound was easily identified as /i-diisobutyl- 
phenoxy-ethoxy-ethyl-dimcthyl-benzyl ammoiiitiui 
chloride. 

Caswell (16) reported that interfering substances 
may be removed by acidification of the solution of 
the quaternary ammonium compound and extrac- 
tion of the substance with ether. Another po.ssibic 
approach involves the use of the base line technique. 
It was found in this laboratory that incorporation 
of the dye present in the solution into the blank 
gave satisfactor}- results. If the dye concentration 
is not high, the color intensity is low and the quater- 
nary ammonium compound can be determined. The 
results obtained for a typical preparation arc 
shown in Table III. The results in this Table 
indicate that an error of 10% in the dye concentra- 
tion will still lead to satisfactory results Usually 

Table III. — AnsoRnANCV Values for Colored 
AND Uncolored Solutions of p-DiisonuTVL- 

PIIENOXY-ETHO.XV-ETH'iX-DrMBTHYL-IlENZYL 

Ammonium Chloride 


Detef- 

mma* 

Mk /ml 
<jf Com- 

Mg Rye/ 
1. of 

Mg Dye/ 

L of 


tion 

luiuncl 

Solution 

niank 

A. 

I 

0 12 

0 00 

0.00 

0 .30.8 
0.371 

11 

0 12 

5 00 

5.00 

0.303 

0.3S0 

III 

0 12 

5.00 

4.50 

0.374 

0..372 


a calibration curve was obtained for the dye using a 
Cary recording spectrophotometer and the dye con- 
centration in the commercial preparation was thus 
determined. This was then utilized in preparing a 
proper dye concentration in the blank. The above 
method was found to be very satisfactory for labora- 
tory preparations and for several commercial prep- 
arations. Two commercial preparations could 
not be analyzed in this waj' because of high dye con- 
centration (of the order of 40 mg. per liter in the final 
dilution). 

Not only is the presence of dye a limiting factor, 
but also the presence of alcohol will cause difficulty. 
In this case, the problem is less complex and with 
proper dilution (usually with 95% alcohol) Beer’s 
Law is valid. This was shown to be the case for 


p - fliisobutyl - phenoxy - ctho.xy - ethyl - dimethyl- 
benzyl ammonium chloride, 1-hexadecylpyridinium 
chloride, and dodccyl-acetamido-dimethyl-benzyl 
aininonium chloride. In the presence of alcohol, 
however, peak absorbancies reported in water are 
not valid. These must be established on the basis 
of the preparation being analyzed. Slight shifts 
in peak absorption points and changes in Om values 
were noted for the three preparations listed above. 
As an example, />-diisobutyl-phenoxy-ethoxy-cthyl- 
diincthyl-bcnzyl ammonium chloride showed four ab- 
sorption maxima (X max. = 203, 269, 276, 283 mg) in 
approximately 50% ethanol. It would appear that 
the shoulder at 280-281 mg in aqueous solution be- 
comes a peak in alcoholic solution. The differences 
for the other quaternary ammonium compounds 
were found to be less pronounced. Again, the first 
of these three quaternary ammonium compounds 
li.stcd above was studied in a colored, aqueous alcohol 
solution. By using the technique described above, 
it was foiintl that a linear relationship e.xistcd be- 
tween the absorbancy of the solution and its concen- 
tration. 

In recent months. Crane (17) showed that sodium 
tetraphenylboron formed an insoluble derivative 
with certain quaternary ammonium compounds. 
This is being investigated in this laboratory at the 
present time. Preliminary re.sults show that not 
only quaternary ammonium compounds but also 
other compound.s having a basic nitrogen may be 
separated from mixtures of substances not having 
this property. 

The most plausible approach to commercial prep- 
arations containing quaternary ammonium com- 
pounds would appear to be extraction of the sub- 
stances into a nonaqueous solvent and subsequent 
titration with perchloric acid in dioxanc. This 
approach was investigated and found to give precise 
results. However, the accuracy of the method was 
not .as good as expected. Only about 95% of the 
active ingredient could be extracted using conven- 
tional techniques. 
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The Assay of Procaine Penicillin in Sesame Oil 
by Optical Rotation* 

By B. A. PAPPAS and J. D. DUERR 


The extraction of Procaine Penicillin from a 
suspension containing sesame oil and alu- 
minum monostearate using chloroform and 
formamide with subsequent assay by optical 
rotation is described. It is also compared 
to an assay in present use involving the solu- 
tion of the suspension in hot chloroform and 
subsequent assay by optical rotation. 

NECESSITY CONTROL PROCEDURES in the 
pharmaceutical industry^ must be rapid and 
yet accurate. Most of tlie assays have been 
designed for quick determination and one of the 
quickest is optical rotation. Penicillin salts in 
general can be assayed by' optical rotation after 
finding a suitable solvent. This method, for 
control purposes while formulating and filling, is 
very rapid and accurate. 

MTien the formulation contains a vehicle that 
is difficult to remove from the active material, or 
contributes cloudiness or haziness to the solution, 
the accuracy' of the assay’ procedure invariably' 
suffers. Filtering almost any solution containing 
a solvent commonly' used for the determination 
of optical rotation will result in erratic results, 
usually on the high side. The solvents commonly 
used for the assay of procaine penicillin when 
applied to oil suspensions containing aluminum 
monostearate either did not dissolve the procaine 
penicillin or gave extremely hazy solutions even 
after heating and filtering. The solvent gener- 
ally used is chloroform. The e.\tracts are usu- 
ally' heated and filtered. The present experi- 
ments were undertaken in order to find a sol- 
vent or solvent mixture that would dissolve the 
Procaine Penicillin, free the oil and aluminum 
raonostearate and leave a clear solution ready' for 
measurement by optical rotation. At the same 
time the intention was to eliminate the deviation 
between filtered and nonfiltered solutions, the 
deviation between filtered samples themselves, 
and the deviation due to different heating con- 
ditions used to dissolve the sample suspension. 

EXPERIMENTAL 

Assay of a Standard Suspension of Procaine 
Penicillin in Oil . — A suspension was made to contain 
exactly 300,000 units of procaine penicillin per ml. 
with a specific gra\'ity of 1.0. The vehicle was 2% 


* Received June 2Ci, 1957 from Chas. Pfizer & Co. Icc., 
Process Dev’clopment Laboratory, Pharmaceutical Produc- 
tion and Packaginff Department, Brooklyn, N. V. 


aluminum monostearate in sesame oil. Five in- 
dividual 3-Gm. samples of suspension were trans- 
ferred to separatory tunnels. Fifty ml. of formam- 
ide (Special Decolorized Charles Pfizer Grade manu- 
factured bj' Matheson, Coleman & Bell) and 25 ml. 
of chloroform were added to each separatory funnel 
and the mixture was shaken for approximately 
thirt}’ seconds. The two phases formed were then 
allowed to separate completely' and the bottom form- 
• imide lay'er was optically' clear. Measurements of 
ihe optical rotation of the formamide lay-er were 
made in a l-decimeter tube using the sodium D line 
illumination. The results are shonm in Table I. 

Table I. — ^Angle of Rotation of Five 300,000 
Units/cc. Standards 


Sample 

Total Units 

Angle® 

1 

900,000 

2 64 

2 

900,000 

2.65 

3 

900,000 

2.64 

4 

900,000 

2.63 

5 

900,000 

2.64 


The conclusion, therefore, was that an average 
angle of rotation of 2.04° would be obtained when 
000,000 units of the above standard procaine peni- 
cillin in sesame oil were treated using this procedure. 

The Effect of Varying the Concentration of Ses- 
ame Oil and Aluminum Monostearate. — Samples of 
the standard procaine penicillin containing 900,000 
units each were transferred to separatory funnels. 
Diluent containing sesame oil and aluminum mono- 
stearate was added to each sample. The volume 
of diluent ranged from 1.0-3. 0 ml. The assay' pro- 
cedure was repeated and the formamide solutions 
were read in a 2-decimeter tube. The effect of 
varying concentrations of aluminum monostearate 
and sesame oil on the angle of rotation is sliown in 
Table II. We concluded, therefore, from the results 


Table II. — Effect of Concentratio.n of Sesajie 
Oil and Aluminum Monostearate on Angle of 
Rotation 


Units Procaine 

Voi ol Added 

AnRle ol 

PeaiciUin 

Oil and A.M.S , cc. 

Rotation 

900,000 

1 

5.15 

900,000 

1.5 

5.20 

900,000 

2.0 

5.20 

900,000 

3.0 

5.22 


in Table II that small variations in concentration 
of diluent had no serious effect on the optical rotation 
since the difference between the highest and lowest 
concentration was only 1.34%. 

Reproducibility of Assay Using Different Weights 
of Sample. — Samples of a standard suspension of 
300,000 units/inl. ranging from 0.9300 Gm. to 
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Table III — Reproducibility or Assa\ Using Difeerent Weights or Sample'* 


Wt of 

Units 

An^lc of 

Units 

Units/ml 

Deviation 

in 

Sample, Gm 

Introduced 

Rotation 

Recovered 

Thousands 

0 9306 

279,180 

0 80 

272,727 

293,000 

-6 6 

1 5519 

465,570 

1 40 

477,272 

307,540 

-t-7 8 

1 7596 

527,880 

1 54 

.525,000 

298,400 

-1 3 

2 5786 

773,580 

2 25 

751,894 

291,500 

-8 2 

2 9130 

873,900 

2 55 

869,318 

298,400 

-1 3 

3 0000 

900,000 

2 64 

900,000 

300,000 

0 

3 0000 

900,000 

2 65 

903,000 

.301,000 

+ 1 3 

3 0000 

900,000 

2 61 

900,000 

300,000 

0 

3 0000 

900,000 

2 63 

897,000 

299,000 

-0 7 

3 2450 

973,500 

2 88 

981,000 

302,000 

+2 3 

3 7358 

1,120,740 

3 34 

1,138,636 

.304,600 

+4 9 

3 8280 

1,148,400 

3 38 

1,1.52,272 

301,000 

+1 3 


« Theoretical Potency = 300 000 units /ml Average Assar =» 200 708 iinits/ml , Standard Deviation of Assay = *1,175 
units/ml 


3.8280 Gm were assaj'ed using the same procedure 
The standard procaine in oil suspension was pre- 
pared as /olloiis' An amount of bulk procaine 
penicillin of known potency was mi\cd with sesame 
oil containing 2% aliiinmuin monostearatc to give a 
theoretical potency of 300,000 u/nil The standard 
average angle of 2 04° was used to calculate total 
units per nil recovered by assay The results are 
shown m Table III 

Assay of an Unknown. — Five gallons of a produc- 
tion lot were set aside in the laboratorj and used as 
an unknown before the potency was conririiied All 
subsequent reference to an iiiiknown pertains to 
this 5-gal sample Three samples were assayed 
and their potencj calculated using an optical rota- 
tion of 2 61° equivalent to 300,000 u/inl The 
results are shown in Table IV. 


Table I\' — Assay or Unknow'ns 



Theoretical 

Units 


Units 

Recovered 

Sample 

Introduced 

by Assay 

1 

301,000 

301,200 

2 

710,000 

718,000 

3 

886,000 

889,000 


Reproducibility of Assay. — Twenty samples from 
the unknown mixture of procaine Penicillin sesame 
oil were assayed bj’ tw o technicians using 3 0-Gm 
samples The st.andard angle of 2 64° w as used to 
calculate units per ml of procaine penicillin The 
results are shown in Table V 

Biological Assay of the Same Unknown. — The 
unknown used in the previous experiments w'as 
submitted for the microbiological assay of procaine 
penicillin The results are show n in Table VI. 

Assay Using Chloroform as the Solvent. — Ten 
samples were taken from the same unknown and 
each transferred to a 50-ml volumetric flask. The 
suspension was then shaken with chloroform and the 
flask brought to volume with chloroform A very 
cloudy solution developed The flasks were then 
immersed in hot water until the solution cleared. 


Table \' — Composite or Results or Two Tech- 
nicians’’ 





Dev la- 



Anele 


lion in 

(Dev latinn 

S itn 

of 

Potency 

Thoiis- 

in 

pic 

Rotation 

units/ml 

ands 

Thousands)* 

1 

2 69 

295,400 

+3 5 

12 25 

2 

2 55 

289,700 

-2 2 

4 84 

3 

2 57 

292,000 

+0 1 

0 01 

4 

2 59 

294,. 300 

+2 4 

5.76 

5 

2 57 

292,000 

+0 1 

0 01 

6 

2 58 

293,200 

+ 1 3 

1 69 

7 

2 53 

287,500 

-4 2 

17 64 

8 

2 57 

292,000 

+0 1 

0 01 

9 

2 .58 

293,200 

-fl 3 

1 69 

10 

2 56 

290,900 

-1 0 

1 no 

11 

2 60 

295,400 

-fS 5 

12 25 

12 

2 50 

290,900 

-1.0 

1 00 

13 

2 50 

290,900 

-1 0 

1 00 

14 

2 50 

290,900 

-1 0 

1 00 

15 

2 50 

290,900 

-1.0 

1 00 

16 

2 56 

290,900 

-1 0 

1 00 

17 

2 57 

292,000 

+0 1 

0 01 

18 

2 57 

292,000 

+0 1 

0 01 

19 

2 50 

290,900 

-1 0 

1 00 

20 

2 50 

290,900 

-1 0 

1.00 

** A\erat:e Potency 

= 201,000 unit«!/ml , Standard DeMa 

tion = 1 

.7<J0 imits/ml . 2 a l.imits = 288,320 to 20j.4S0 

units/jn! 

, Confidence inter\ al obser\ cd 

v alue ± 1 2’%. 

ConJidcncc inter\al = obser\cd \alue 

±1 S4% 


Table VI. 

— Results of Biological Assay" 

Sample 

Potency 

Units/ml 

Dev latton 
m 

Thousands 

(Deviation 

ID 

Thousands)* 

1 

285,000 

-fl 

1 

2 

285,000 

-f 1 

1 

3 

280,000 

-4 

16 

4 

295,000 

-fll 

121 

5 

280,000 

-4 

16 

0 

290,000 

+6 

36 

7 

300,000 

+16 

256 

8 

280,000 

-4 

16 

9 

280,000 

-4 

16 

10 

285,000 

+ 1 

1 


» Average Poteney = 281,000 unitv/ml , .Standard Dev la 
tion = fi.ooo units/ml , 2 a Limits = 270,200 to S'l'.oUU 
miUa/ml 05% Confidence interval observ ed value zt5 /o 
99% Confidence interval observed value ±7 28% 
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Table VII. — Potency of Unknown Procaine 
Penicillin in Sesame Oil Using CHCU as Solvent 
AND Filtered Before Reading 


Sample 

Potency 

Units/ml 

Deviation 

(Deviation 

in 

Thousands)* 

1 

311,592 

+ 23 

5 29 

2 

308,210 

- 1 1 

1.21 

3 

314,874 

-h 5 6 

31 40 

4 

316,540 

+ 72 

51.80 

5 

321,538 

+12 2 

148 84 

6 

304,878 

- 4 4 

19 40 

7 

304,878 

- 4 4 

19 40 

8 

304,878 

- 4 4 

19 40 

9 

301,546 

- 7 8 

60 84 

10 

308,210 

- 1 1 

1 21 

11 

304,878 

- 4 4 

19 40 


Average Potency = 309,275 units/ral , Standard Devm 
tion = 5,850 untt^/ml 

2 a Limits = 297,575 to 320,975 units/ml , 95% Con6dence 
interval = Observed value ±3 71%, 99% Confidence inter- 
val = Observed value =kS C7% 


Table VIII. — Potency of Unknoiyn Procaine 
Penicillin in Sesame Oil Using CHCI3 as Sol- 
vent AND Read Unfiltered“ 


Sample 

Potency 

units/ml 

Dev’iation 

in 

Thousands 

(Deviation 

in 

Thousands)* 

1 

299,880 

-3 0 

9 00 

2 

301,546 

-1 4 

1 96 

3 

308,210 

+6 3 

3 97 

4 

306,544 

+3 6 

3 97 

5 

304,878 

+2 0 

4 00 

6 

299,880 

-3 0 

9 00 

7 

299,880 

-3 0 

9 00 

8 

301,546 

-1 4 

1 96 

9 

301,546 

-1 4 

1 96 

10 

299,880 

-3 0 

9 00 


11 


This particular sample of procaine penicillin m oil was 
clear enough to read without having to resort to approxima- 
tion on the part of the technician Average Potency » 
302,905 units/ml 

Standard Deviation = 2,240 units/ml 
2 <r Limits «■ 298,425 to 307,385 units/ml , 95% Confi- 
dence =« 1 47% 99% Confidence =* 2 21% 


(< X Volume of Solution X S G X 1008 
Units/mg)/([fv]“D'‘° X Wt ) = Units/ml 

Procaine Penicillin v here [al"o° = 102; SG = 
1 0; Wt =30 Gm , Vol = 50 ml and Units/mg 
Procaine Penicillin = 1008 The results are shon n 
m Table VII and VIII 

SUMMARY 

1. The potency of procaine penicillin in ses- 
ame oil suspensions can be determined by using 
formamide and chloroform for e.xtraction and 
subsequent measurement of optical rotation 
The average potency comes closer to the average 
reported by the microbiological method than the 
result obtained by determining the potency by 
optical rotation in straight heated chloroform 

2 The average deviation and standard devia- 
tion of this assay is far lower than those obtained 
using either the microbiological assay or the 
chloroform assay. 

3 The results show that the difference ob- 
tained between filtered and unfiltered chloroform 
solutions is verj' great Average and standard 
deviations are higher when the chloroform solu- 
tion is filtered * 

4 Extraction using formamide and chloro- 
form gives results that approach theoretical 
potencies of procaine penicillin in sesame oil 
suspensions much closer than those obtained by 
either microbiological assay or the use of heated 
chloroform. 

5 Since one cannot know in advance whether 
the chloroform solution has to be filtered before 
reading the optical rotation of the solution, it 
would seem advisable to adopt a method that 


Table IX ~A Comparison of Deviations and Per Cent Confidence of the Three Methods o f 

Assay 


Methods 

Average 
Potency’ 
in units/ml 

Standard 
Deviation 
in uiiits/ml 

2 tr limits 

ID 

umts/ml 

05% 

Confidence 
mterv al 

90% 

Confidence 
mterv al 

Formamide chloroform 

291,900 

1,790 

295,480 

±1 22 

±1 84 

Chloroform (filtered) 

309,275 

5,850 

288,323 

320,975 

=3 71 

±5 67 

Bioassaj' 

284,000 

6,900 

297,575 

297,800 

±5 21 

±7 28 

Chloroform (unfiltered) 

302,905 

2,240 

270,200 

307,385 

±1 47 

±2 21 


Care Mas taken that the chloroform solution Mas not 
brought to the boiling point Tlie solutions Mere 
then cooled until tliey returned to a 50-ml volume 
The angle of rotation of each solution M'as read using 
the sodium D illumination both filtered and unfil- 
tered The potency was determined using the folIoM’- 
ing formula: 


eliminates the necessity of filtering at any time. 


* Much weight must be given to conclusion 3 The elTect 
of filtration is not made clear by separate anal>sis of filtered 
and unfiltercd results In realit> the effect of filtration is 
randomly distributed since the practice of necessity is to 
filter unreadable samples This practice leads to very large 
deviations as can readily be seen from casual inspection of 
the separate results 



The Effects of Certain Carbon Sources 
on The Growth of Clavkeps Utoralis’ 

By W. T. GLOOR, Jr.f and H. W. YOUNGKEN, Jr.J 


Comparative growth and dry weight yields of 
Clavtceps Ittorahs, Kawatani, grown in syn- 
thetic media with nine different carbon 
sources are reported. A five per cent man- 
nitol concentration, which served as the car- 
bon source for mycelial growth, produced 
best results Glucose, mannose and Icvu- 
lose produced good growth and weight; 
whereas maltose, sorbitol, gl>cerol, sorbose, 
and xylose gave poor weight yields 

ROWTii or THE ergot ruNGUS Claiiceps pur 
purea (Fries) Tulasne has been accomplished 
on artificial culture under various conditions bj 
numerous workers (1-10) Hoiicicr the groutli 
obtained under these conditions produced either 
no alkaloids or insignificant amounts of them \\ hen 
compared with that produced in the natural sclc- 
rotium of Claviccps Bonns (1) and Kirchhoff 
(2) reported the formation of “sclerotial tissue” 
in artificial cultures but this result uas questioned 
by McCrea (3) uho contended it was not true 
sclerotium but a 'pseiidosclerotium Abe (0) 
suggests that pigmented sclerotial tissue is a neces 
sar> factor for the biosynthesis of ergot alkaloids 
in culture Abe s contention has been in part 
supported b) Sun and Youngken (12) and by Loo 
and Lewis (11) using tu o different experimental 
approaches 

During a screening program of v arious species 
and strains of Claiiceps undertaken m this labor 
ator} , the species Claviccps litoralis, Kauatani 
obtained from Dr T Kaiiatani (13, 14) iias 
found to produce purplish broiin pigmented 
‘‘pseudo sclerotial” tissue in artificial media (12) 
The pigment closely resembled that found in 
natural rye ergot The fact that no alkaloids 
were formed led us to believe that some precursor 
(s) or groivth conditions necessary for the pro- 
duction of alkaloids might be lacking Since it 
IS a well known phenomenon that many fungi 
respond in different wa)s to subtle changes in 
carbon sources during growth on artificial cul 
ture, it appeared of interest to investigate several 
of these conditions ivith respect to the growth, 
pigmentation and alkaloid production of C 

* Recened June 11 1957 from the College of Pharimcy 
University of Washington Seattle Wash 

This research has been supported in part by funds from 
the State of Washington Tund for Medical and Biological 
Research and the American Foundation for Pharmaceutical 
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t Present address Research Laboratories Smith Kline 
and French Philadelphia Pa 

j Drug Plant Laboratories College of Pharmacy Univer 
sity of Washington Seattle Wash Present address College 
of Pharmacy University of Rhode Island Kingston R 1 


It/oialts, Kauatani, grown on synthetic media 
This report describes the results obtained by using 
nine different carbon sources 

EXPERIMENTAL 

Culture Method. — Previous iiork on the groiUh 
studies of C Itloralis, Kaiiatam (13, 14) indicated 
that mallosL might not be as satisfactory a carbon 
source .as oilier compounds Therefore, in prelim 
iinrj work of this study 5% mannitol uas used as 
the carbon source in a modified y east extract peptone 
iiicdiiim (5) described in Tabic I Mannitol pro 
duced better growth results during preliminary 
studies This alcohol has also been isolated from 
ergot sclcrotia both in free form and from Claviceps 
in, a tris'iccliaridc occurring in the sclcrotia 

TAntn I — Mooiriro Yeast Extract-Peptone 
Medium 


Ye ist c.\tract 12 50 Gm 

Peptone 1 25 Gm 

MgSO, 711:0 1 25 Gm 

KII-PO, 2 50 Gm 

Mannitol 50 00 Gm 

Distilled W.iter q s ad 1 00 L 


Eight other cirbon coinpounds, naineh , sorbose, 
111 uiiiosc, IcMilose, glucose, maltose, sorbitol, xylose, 
iiid gliccrol Mere therefore selected and used in a 
molar strength corresponding to a S per cent manm 
lol solution (0 275 Jl/) Each compound Mas made 
up into a separate medium using the same amounts 
of peptone, x cast extract, niagncsmm sulfate, and 
potassium phosphate as described in Table I 

Erlcnnicier flasks of 500 ml capaciti Merc em 
ployed as culture flasks Mith each flask containing 
100 ml of mcduini Pii e milliliters of a mycelium 
suspension Merc inoculated into each flask of test 
medium 

The inoculum was prepared by first inoculating 
the fungus, mIiicIi had been maintained on agar 
slants, into yeast extract-peptone medium contain- 
ing 5% mannitol This preparation Mas alloived to 
groM on a reciprocal laboratory shaker operating at 
tMO luindred 1‘A-iiicli strokes per inimite At the 
end of four Meeks the contents of the flask Mere 
poured into a sterilized steel Waring Blender cup 
and blended into a fine e\ en suspension Fwe 
milliliters of the suspension Mere inoculated into 
each flask of test medium after Minch the flasks 
Mere placed on the mechanical shaker After a 
15 day groiith period, (see Fig 1) the flasks uetE 
harvested by' filtering the groiith through tared 
sintered glass crucibles and thoroughly m ashed nith 
distilled Mater to remove all adhering constituents 
of the medium Tlie groiith Mas dried as much as 
possible using a Buchner flask and \ acuum and then 
placed in a laboratory ly'ophilizer to remove com 
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pletely all reraaiiiiiig moisture, Tlie crucibles were 
then rveighed and the dry weights calculated (Table 
n,Fig.2). 

The spent culture liquids and the lyophilized 
tissues were tested for the presence of alkaloids using 
the procedure reported by Sim and Youngken (12). 
However, no ergot alkaloids could be detected in 
any of the different culture liquids or tissues. 

No attempt was made to compare the results 
obtained above with those reported by other workers 
(1-10) for other species of Claviceps because many 
factors differ in each case. Different strains and 
species have been used as the test organism and a 
wide variety of media and cultuie conditions have 
been reported. Ner’ertheless, the type of growth 
obtained with mannitol was verj’ similar to the 
results reported by Sim and Youngken (12) and con- 
sisted of pigmented "sclerotial” tissues and unpig- 
raented mycelial tissues and contained large amounts 
of fat. This production of fatty material closely 
resembles the situation found in natural sclcrotia; 
however, the fungus failed to produce any alkaloids 
under these artificial conditions. 

The amounts ol m 3 'ce]ia! groirtli ivhich were ob- 
tained using glucose, mannose, and levulose as the 
individual carbon sources are comparable to those 
obtained with mannitol. However, fungal tissues 
grown on these three carbohj'drates were a light 
brownish color instead of the purplish brown color 
which was produced bj' mycelia gromi on mannitol. 
Although some fatty material was also produced b 5 ' 
the organism growing on these three sugars, it did 
not compare quantitatively with the amount of 
lipid material produced by the Claviceps liloralis 
grown on mannitol. 

Maltose as a carbon source produced only half 
as much growth as was produced bj' the control, 
mannitol. This was to be e.\pected as this fact was 
shown by previous work with this particidar organ- 
ism (12). The remaining four carbon compounds, 
sorbitol, glycerol, sorbose, and .vylosc, could be con- 
sidered very poor carbon sources under the experi- 
mental conditions used. The mycelium pellets 
grown on maltose were a dirtj' brown color while 
the pellets grown on the latter four compounds were 
small, tough, dark brown pellets. The production of 
lipid material by the tissues grown on the above five 
carbon sources was also noticeably small by com- 
parison. 



Fig. 1. — Tj-pical mycelial pellets of Claviceps 
htoralis grown under shaking conditions on 5 per 
cent mannitol medium for fifteen days. (XI.) 


MANNITOL 
GLUCOSE 
MANNOSE 
LEVULOSE 
MALTOSE 
SORBITOL 
GLYCEROL 
SORBOSE 
XYLOSE 

0 5 1.0 15 2.0 

GRAMS OF MYCELIAL GROITTH (Oty w1.) 

Fig. 2. — Comparison of dry weights of Claviceps 
Htoralis mycelial growth on different carbohy- 
drates 



Table II.— Cojiparison of Dry Weights of Claviceps litoralis Mycelial Growth on Different 

Carbohydrates 


Test 

Carbohydrate 

Mannitol' 

Glucose 

Mannose 

Levulose 

Maltose 

Sorbitol 

Glycerol 

Sorbose 

Xylose 


Concentration, 

%“ 

5 

5 

5 

5 

10 

5 

2.5 

5 

4 


Av DryWt., 

Standard 

Relative. 

Ntycelium/ 

Deviation 

Dry Wt of 

Flask, Gm. 

of Meaa& 

Growth, % 

2 0120 

±0.0566 

100 

2,0174 

±0.0239 

100 27 

1.9404 

±0.0413 

96 44 

1.7975 

±0 0391 

89 34 

1 . 1397 

±0.0289 

56 65 

0 3343 

±0 0186 

16 62 

0.2722 

±0 0109 

13 .53 

0.2583 

±0.0045 

12 84 

0.1602 

±0 0088 

7 96 


° Calculated on the molar concentration o f 5 per cent m annitol solution (0.2Ta .in. 

* Standard deviation of the mean « ± - 

Control. ^ ~ 



The Effects of Certain Carbon Sources 
on The Growth of Claviceps litoralis* 

By W. T. GLOOR, Jr.f and H. W. YOUNGKEN, Jr.f 


Comparative growth and dry weight yields of 
Clavtceps htorahs, Kawatani, grown in syn- 
thetic media with nine different carbon 
sources are reported. A five per cent man- 
nitol concentration, which served as the car- 
bon source for mycelial growth, produced 
best results. Glucose, mannose and levu- 
lose produced good growth and weight, 
whereas maltose, sorbitol, glycerol, sorbose, 
and xylose gave poor weight yields 

^ ROWTH or THE ERGOT FUNGUS Claiucps pur 
purca (Fries) Tulasne has been accomplished 
on artificial culture under various conditions bj 
numerous tvorkers (1-10) Houetcr the growth 
obtained under these conditions produced either 
no alkaloids or insignificant amounts of them ulieii 
compared with that produced m the natural scle 
rotium of Claviceps Bonns (1) and KircliliolT 
(2) reported the formation of “sclcrotial tissue” 
in artificial cultures but this result w as questioned 
by McCrea (3) who contended it i\as not true 
sclerotium but a ‘‘pscudosclcrolium Abe (9) 
suggests that pigmented sclerottal tissue is a neces 
sar> factor for the biosynthesis of ergot alkaloids 
in culture Abe s contention has been in part 
supported bj Sun and Youngken (12) and bj Loo 
and Lewis (11) using two difTcrent c\pcnmental 
approaches 

During a screening program of various species 
and strains of Claiiceps undertaken in this labor 
atory, the species Claviceps htorahs, Kauatani 
obtained from Dr T Kanatani (13, 1-f) iias 
found to produce purplish brovn pigmented 
‘ pseudo sclerotial” tissue in artificial media (12) 
The pigment closely resembled that found in 
natural rye ergot The fact that no alkaloids 
were formed led us to believe that some precursor 
(s) or growth conditions necessary for the pro 
duction of alkaloids might be lacking Since it 
IS a well known phenomenon that man) fungi 
respond in different ways to subtle changes in 
carbon sources during growth on artificial cul 
ture, it appeared of interest to investigate several 
of these conditions with respect to the growth 
pigmentation and alkaloid production of C 

* Recei\ ed June 11 1057 from the College of Pharmacy 
Uni\ersity of Washington Seattle Wash 
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htorahs, Kawatani, grown on S)nthetic media 
This report describes the results obtained by using 
nine different carbon sources 

EXPERIMENTAL 

Culture Method. — Previous work on the growth 
studies of C htorahs, Kawatani (13, 14) indicated 
that maltose might not be as satisfactory a carbon 
source as other compounds Therefore, in prelim 
marj work of this stud) 5% mannitol was used as 
the carbon source in a modified j east extract peptone 
medium (5) described in Table I Mannitol pro 
duced better growth results during prelirainarj 
studies Tins alcohol has also been isolated from 
ergot sclcrotia both in free form and from Claviceps 
in, a tnsTccliandc occurring in the sclcrotia 

Table I — Modified Yeast Extract Peptone 
Medium 


Yeast CNtract 12 50 Gm 

Peptone 1 25 Gm 

MgSO, 7H:0 1 25 Gm 

KH-PO, 2 50 Gm 

Mannitol 50 00 Gm 

Distilled Water q s nil 1 00 L 


Eight other carbon compounds, iiamcli , sorbose, 
III iiiiiose, lei iilose, glucose, maltose, sorbitol, \}lose, 
and gKecrol were therefore selected and used in a 
molar strength corresponding to a 5 per cent manni 
fol solution (0 275 j 1/) Each compound was made 
up into a separate medium using the same amounts 
of peptone, 1 cast extract, magnesium sulfate, and 
potassium phosphate as described in Table I 

Erlcnmcier flasks of 500 ml capaciti were em 
plojcd as culture flasks with each flask containing 
100 ml of medium Fn e milliliters of a mycelium 

suspension were inoculated into each flask of test 
medium 

Tlie mocnhim was prepared by first inoculating 
the fungus, which had been maintained on agar 
slants, into J cast extract peptone medium contain 
iiig 5% mannitol This preparation was allowed to 
grow on a reciprocal laboraton shaker operating at 
two hundred 1’/— inch strokes per minute At the 
end of four weeks the contents of the flask were 
poured into a sterilized steel Waring Blendor cup 
and blended into a fine even suspension Foe 
milliliters of the suspension were inoculated into 
each flask of test medium after which the flasks 
were placed on the mechanical shaker After a 
15 dav growth period, (see Fig 1) the flasks were 
harvested bj filtering the growth through tared 
sintered glass crucibles and thoroughly washed with 
distilled water to remove all adhering constituents 
of the medium The growth was dried as much as 
possible using a Buchner flask and \ acuum and then 
placed in a laboratory h ophilizcr to remo\ c com 
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pletel 3 ' all remaining moisture. The crucibles rvere 
then weighed and the dry weights calculated (Table 
II, Fig. 2). 

The spent culture liquids and the lyophilized 
tissues were tested for the presence of alkaloids using 
the procedure reported bj' Sim and Youngken (12). 
However, no ergot alkaloids could be detected in 
anj' of the different culture liquids or tissues. 

No attempt was made to compare the results 
obtained above with those reported bj' other workers 
(1-10) for other species of Claviccps because many 
factors differ in each case. Different strains and 
species have been used as the test organism and a 
wide variety of media and cultuie conditions have 
been reported. Nevertheless, the tj'pe of growth 
obtained with mannitol was verj’ similar to the 
results reported bj' Sim and Youngken (12) and con- 
sisted of pigmented "sclerotial” tissues and unpig- 
mented mycelial tissues and contained large amounts 
of fat. This production of fatty material closelj’’ 
resembles the situation found in natural sclerotia; 
however, the fungus failed to produce anj' alkaloids 
under these artificial conditions. 

The amounts of mj'celial growth which were ob- 
tained using glucose, mannose, and levulose as the 
individual carbon sources are comparable to those 
obtained with mannitol. However, fungal tissues 
grown on these three carbohj'drates were a light 
brownish color instead of the purplish brown color 
which 'vas produced by mycelia grown on mannitol. 
Although some fatty material was also produced bj' 
the organism growing on these three sugars, it did 
not compare quantitative!}' with the amount of 
lipid material produced by the Claviceps litoralis 
grown on mannitol. 

Maltose as a carbon source produced only half 
as much growth as was produced by the control, 
mannitol. This was to be e.vpected as this fact was 
shown by previous work with this particular organ- 
ism (12). The remaining four carbon compounds, 
sorbitol, glycerol, sorbose, and xylose, could be con- 
sidered very poor carbon sources under the e.\peri- 
mental conditions used. The mycelium pellets 
grown on maltose were a dirt}' brown color while 
the pellets grown on the latter four compounds were 
small, tough, dark brown pellets. The production of 
lipid material by the tissues grown on the above five 
carbon sources was also noticeably small by com- 
parison. 



Fig. 1. — ^Typical mycelial pellets of Claviceps 
litoralis grow’n under shaking conditions on 5 per 
cent mannitol medium for fifteen days. (XI.) 
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GLYCEROL 
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Fig. 2. — Comparison of dry weights of Claviceps 
htoralis mycelial growth on different carbohy- 
drates 


Table II. — Comparison of Dry Weights of Claviceps litoralis Mycelial Growth on Different 

Carbohydrates 


Test 

CoDcentratJon, 

No, of 

Av Dry Wt.. 
Mycelium/ 

Standard 

Deviation 

Relative. 
Dry W't. of 

Carbohydrate 

%“ 

Flasks 

Flask, Gm. 

of Alean^ 

Growth, % 

Mannitol' 

5 

6 

2 0120 

±0.0566 

100 

Glucose 

5 

7 

2.0174 

±0.0239 

100.27 

Mannose 

5 

7 

1.9404 

±0.0413 

96.44 

Levulose 

5 

7 

1.7975 

±0.0391 

89.34 

Maltose 

10 

7 

1 . 1397 

±0.0289 

56.65 

Sorbitol 

5 

6 

0 3343 

±0.0186 

16.62 

Glycerol 

2.5 

6 

0.2722 

±0.0109 

13.53 

Sorbose 

5 

7 

0.2583 

±0.0045 

12.84 

Xylose 

4 

7 

0 1602 

±0.0088 

7.96 


‘ Calculated on the molar concentration o f 5 per cent m annitol solution (0.275 .1/). 
' Standard deviation of the mean = ± 

t n ■ 


^ Control. 


+ (n - 1) 
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SUMMARY 

A comparative growth study of C. Itloralis, 
Kawatani, on nine different carbon sources has 
been described. 

Of the nine carbon sources tested, mannitol, 
glucose, mannose, and levulose produced abun- 
dant and comparable amounts of growth; mal- 
tose produced only fair growth while sorbose, 
sorbitol, glycerol, and xylose produced poor to 
very poor results. 

The tissue grown on mannitol produced some 
purplish pigmentation resembling that of natural 
ergot while the fungal material grown on the 
other compounds produced only brownish to dark 
brown pigmentation. 

It was noted that the mannitol-grown myce- 
lium produced large amounts of fat-hke material 
while the tissues grown on other carbohydrates 
produced onl 3 ' small amounts The production 
of large amounts of fats and sterols is a condition 
also found in natural ergot. 

IThile none of the fungal tissues grown on the 
various carbon sources, including mannitol. 


produced any detectable amounts of alkaloids, 
mannitol could be considered the most desirable 
carbon source since mycelial tissues grown on it 
produced bj’ comparison more characteristics 
resembling the natural sclerotia than did the 
mycclia grown on the other carbon compounds. 
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The Oxidative Metabolism of Certain Krebs Cycle 
Acids in Tissue Cultures of Claviceps Utoralis* 

By W. T. GLOOR, Jr.f and H. W. YOUNGKEN, Jr.J 


An oxidative metabolism of acetic, pyruvic, 
succinic, fumaric and malic acids is demon- 
strated in mycelial cultures of Claviceps litor- 
alis Kawatani. Carbon- 14 from carboxyl- 
labeled sodium acetate added to cultures was 
found to be incorporated in all but one of 
these acids (succinate). However no de- 
tectable amounts of tricarboxylic acids could 
be isolated from the mycelial tissues. It is 
concluded that a complete Krebs cycle prob- 
ably does not exist in the fungus when it is 
grown under the synthetic culture conditions 
described. 


INCE THE elucidation by Krebs (1) of the tri- 
carboxylic acid cycle in mammalian tissues, 
many attempts have been made to show the 
presence of this metabolic cycle as an oxidative 
pathway in plants and microorganisms. Re- 
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cently Millcrd et al. (2) have shown that tlie com- 
plete Krebs cycle exists in mung bean seedling 
mitocondria. This is the first work to demonstrate 
the presence of the complete cycle in higher plants 
More recently, Krebs cl al. (3), Krampitz el al. 
(4-G) and others (7-9) have reported conclusive 
evidence for the existence of the entire cycle in 
microorgan i sm s . 

In view of the importance of the TCA cycle in 
the oxidative metabolism of carbohydrates in vari- 
ous organisms, it was thought that if such a path- 
way could be demonstrated in a Claviceps spp., 
this might serve as a starting point for further 
attempts to elucidate a biosynthetic pathway of 
alkaloid formation in Claviceps. In the studies 
cited above, manometric data have been an 
imjiortant part of the evidence presented. How- 
ever, preliminary manometric studies proved 
quite disappointing because of the high rate of 
endogenous respiration of the C. liloralis tissues. 
When attempts to overcome this problem proved 
unsatisfactor)', it became necessary to use some 
other method in an attempt to demonstrate the 
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presence of a TCA cycle. This report describes 
the culturing of Claviceps Hloralis, Kawatani, on 
carbon-14 carbox)d-labeled sodium acetate and 
the subsequent isolation of carbon-14 labeled 
TCA cycle components. 

EXPERIMENTAL 

Culture Method — Inoculation cultures of Clavi- 
ceps litoral is mycelial tissues were made b}’ inoculat- 
ing liquid medium by means of an inoculating needle, 
from a stock culture agar slant. The liquid medium 
used in this study consisted of 5% mannitol, 1.25% 
j'east e.xtract, 0.25% KHnPOj, 0.125% peptone and 
0.125% MgSOi.TH^O. These cultures, which con- 
sisted of 100 ml. of inoculated medium in a 500-ml. 
Erlenmeyer flask, were continuously shaken on a 
reciprocal shaker operating at 200 strokes per min- 
ute. After four weeks the cultures were removed 
and the contents of the flask whipped into a fine 
suspension in a sterile Waring Blendor cup. This 
suspension was used to inoculate other flasks of yeast- 
extract-peptone medium to produce the growth used 
in this study. Five milliliters of the suspension 
were inoculated into each flask of 100 ml. of me- 
dium . These flasks were then allowed to grow' on the 
reciprocal shaker for 15 days after which the growth 
was filtered and washed clean of adhering medium 
constituents with distilled water. Under these 
conditions the growth consisted mainly of small, 
roughly-spherical pellets approximately 1-3 mm. in 
diameter. 

The pellets of fungal grow'th material were then 
handled in two ways. One group, approximate^' 
a third of the material, was not treated in any way 
and will be referred to as “freshly harvested mate- 
rial” or “unstarved material.” The organic acids 
were extracted and isolated from this material as 
described below. 

The remainder of the mycelial pellets, usually 
about 200 grams (w'et weight), was placed in 1 
liter of 0.1 M phosphate buffer solution (pH 6.8). 
This mixture was aerated vigorously in a covered 
4-liter beaker for 3 da 5 'S. During the 3-day period 
the buffer solution W'as replaced with fresh buffer 
solution at 4- to 12-hour intervals. At first, the 
aerating solution was checked several times every 
day for possible bacterial contamination; but this 
practice w'as discontinued later w'hen no evidence of 
contamination appeared. The pellets treated in the 
above fashion will be referred to as “starved” mj'ce- 
lium. 

The “starved” material was divided into two 
groups. One part of the mycelial material was given 
no additional treatment but extracted for organic 
acids as described below. The second portion of 
the “starved” material was treated with carbon-14 
carboxyl-labeled sodium acetate. To carry out this 
treatment an arrangement of apparatus was used 
which was similar to that employed by Djao (10) 
(Fig. 1). A 500-ml. Erlenmeyer flask was fitted 
W'ith an inlet tube connected to a bubble trap con- 
taining barium hydroxide solution and an outlet 
tube which led to a series of two bubble traps con- 
taining standardized barium hydroxide solution. 
The second bubble trap was connected to a vacuum 
flask. Into the Erlenmeyer flask were placed 30 
Gm. (wet weight) of “starved” mycelium pellets. 



Fig. 1. — Apparatus for collection of carbon-14 
labeled carbon dioxide released by Claviceps hloralis 
from carboxj'l labeled sodium acetate 


1 16 ml. of 0.1 jM phosphate buffer solution and 4 ml. 
of labeled sodium acetate solution, 0 3 2/ (described 
below). When a vacuum was applied to this system, 
carbon dioxide-free air was admitted through the 
inlet tube into the flask, agitating the mixture and 
flushing the carbon dio.xide from the flask into the 
barium hydroxide solution in the bubble traps. The 
barium carbonate precipitate was used for the 
measurement of ladioactivity. The mycelium was 
treated in this manner and the carbon dioxide col- 
lected over a period of 2 hours. Then the mycelium 
was removed from the solution by filtering, washed 
free of acetate and the organic acids e.\tracted. 
After the individual acids had been separated and 
identified, they were o.xidized separately as de- 
scribed later and their radioactivity content deter- 
mined. 

Tracer Material and Technique — Carbon-14 
carboxyl-labeled sodium acetate having a labeled 
activity of 2 pc per millimole was diluted v ith suffi- 
cient nonradioactive sodium acetate and dissolved 
in distilled water to give a 0.3 M acetate solution. 
When 1 ml. of this solution was diluted to 30 ml., 
the final concentration of acetate was 0.01 M and 
the activity was approximately 25,000 counts per 
minute Specific activity(counts/minute/mg. of 
carbon) of this solution was 3 35 X 10k 

A convenient method of oxidizing samples in 
preparation of isotope assays is by the wet oxida- 
tion method (11) which was employed in this study. 
The carbon dioxide is absorbed in a 0.25 A bar- 
ium hydroxide containing 2% barium chloride. 
The total amount of barium carbonate is determined 
by titrating the excess barium hydroxide with 0.12 
iV lu'drochloric acid using phenolphthalein as the 
indicator and calculating the amount of carbonate 
from the difference between the blank and the sample 
titrated. The barium carbonate precipitate was 
then collected and washed three times with 25 ml. 
portions of 95% ethanol. Several aliquots of each 
carbonate precipitate were homogenized in ethanol 
and plated on copper disks. Radioactivitj' meas- 
urements were made with a windowless flow 
counter (Tracerlab Windowless Flow Counter, Model 
SC-16) and an automatic scaling unit (Nuclear 
Scaling Unit, Model 163). These measurements 
were then corrected for background count (usually 
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SUMMARY 

A comparative growth study of C. liloralis, 
Kawatani, on nine different carbon sources lias 
been described. 

Of the nine carbon sources tested, mannitol, 
glucose, mannose, and levulose produced abun- 
dant and comparable amounts of growth; mal- 
tose produced only fair growth while sorbose, 
sorbitol, glycerol, and xylose produced poor to 
very poor results. 

The tissue grown on mannitol produced some 
purplish pigmentation resembling that of natural 
ergot while the fungal material grown on the 
other compounds produced only brownish to dark 
brown pigmentation. 

It was noted that the mannitol-grown myce- 
lium produced large amounts of fat-like material 
while the tissues grown on other carbohydrates 
produced only small amounts. The production 
of large amounts of fats and sterols is a condition 
also found in natural ergot. 

While none of the fungal tissues grown on the 
various carbon sources, including mannitol. 


produced any detectable amounts of alkaloids, 
mannitol could be considered the most desirable 
carbon source since mycelial tissues grown on it 
produced by comparison more characteristics 
resembling the natural sclerotia than did the 
mycclia grown on the other carbon compounds. 
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The Oxidative Metabolism of Certain Krebs Cycle 
Acids in Tissue Cultures of Claviceps litoralis* 

By W. T. GLOOR, Jr.f and H. W. YOUNGKEN, Jr.J 


An oxidative metabolism of acetic, pyruvic, 
succinic, fumaric and malic acids is demon- 
strated in mycelial cultures of Claviceps litor- 
alis Kawatani. Carbon-14 from carboxyl- 
labeled sodium acetate added to cultures was 
found to be incorporated in all but one of 
these acids (succinate). However no de- 
tectable amounts of tricarboxylic acids could 
be isolated from the mycelial tissues. It is 
concluded that a complete Krebs cycle prob- 
ably does not exist in the fungus when it is 
grown under the synthetic culture conditions 
described. 


INCB THE elucidation by Krebs (1) of the tri- 
carboxylic acid c)’cle in mammalian tissues, 
many attempts have been made to show the 
presence of this metabolic cycle as an oxidative 
pathway in plants and microorganisms. Re- 
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ccnlly Millerd ct al. (2) have shown that the com- 
plete Krebs cycle exists in mung bean seedling 
mitocondria. This is the first work todemonstrate 
the presence of the complete cycle in higher plants. 
More recently, Krebs et al. (3), Krampitz el ai. 
(4-G) and others (7-9) have reported conclusive 
evidence for the existence of the entire cycle in 
microorganisms. 

In view of the hnportance of the TCA cycle in 
the oxidative metabolism of carbohydrates in vari- 
ous organisms, it was thought that if such a path- 
way could be demonstrated in a Claviceps spp., 
this might serve as a starting point for further 
attempts to elucidate a biosynthetic pathway of 
alkaloid fonnation in Claviceps. In the studies 
cited above, manometric data have been an 
important part of the evidence presented. How- 
ever, preliminary manometric studies proved 
quite disappointing because of the high rate of 
endogenous respiration of the C. litoralis tissues. 
When attempts to overcome this problem proved 
unsatisfactory, it became necessary to use some 
other method in an attempt to demonstrate the 
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presence of a TCA cycle. This report describes 
the culturing of Claviceps litoralis, Kawatani, on 
carbon-14 carboxyl-labeled sodium acetate and 
the subsequent isolation of carbon- 14 labeled 
TCA cycle components. 

EXPERIMENTAL 

Culture Method — Inoculation cultures of Clavi- 
ceps litoralis mycelial tissues were made by inoculat- 
ing liquid medium by means of an inoculating needle, 
from a stock culture agar slant. The liquid medium 
used in this study consisted of 5% mannitol, 1.25% 
yeast extract, 0.25% KHjPOj, 0.125% peptone and 
0.125% MgS 04 . 7 H 20 . These cultures, which con- 
sisted of 100 ml. of inoculated medium in a 500-ml. 
Erlenmeyer flask, were continuously shaken on a 
reciprocal shaker operating at 200 strokes per min- 
ute. After four weeks the eultures were removed 
and the contents of the flask whipped into a fine 
suspension in a sterile Waring Blendor cup. This 
suspension was used to inoculate other flasks of j^east- 
extract-peptone medium to produce the growth used 
in this study. Five milliliters of the suspension 
were inoeulated into each flask of 100 ml. of me- 
dium. These flasks were then allowed to grow on the 
reciprocal shaker for 15 days after which the growth 
was filtered and washed clean of adhering medium 
constituents with distilled water. Under these 
conditions the growth consisted mainly of small, 
roughly-spherical pellets approximately 1-3 mm. in 
diameter. 

The pellets of fungal growth material were then 
handled in two ways. One group, approximately 
a third of the material, was not treated in any way 
and will be referred to as “freshly harvested mate- 
rial” or “unstarved material.” The organic acids 
were extracted and isolated from this material as 
described below. 

The remainder of the mycelial pellets, usualh' 
about 200 grams (wet weight), was placed in 1 
liter of 0.1 M phosphate buffer solution (pH 6.8). 
This mixture was aerated vigorously in a covered 
4-liter beaker for 3 daj^s. During the 3-daj' period 
the buffer solution was replaced tvith fresh buffer 
solution at 4- to 12-hour intervals. At first, the 
aerating solution was checked several times every 
day for possible bacterial contamination; but this 
practice was discontinued later when no evidence of 
contamination appeared. The pellets treated in the 
above fashion will be referred to as “starved” myce- 
lium. 

The “starved” material was divided into two 
groups. One part of the mycelial material was given 
no additional treatment but extracted for organic 
acids as described below. The second portion of 
the “starved” material was treated with carbon-14 
carboxyl-labeled sodium acetate. To carry out this 
treatment an arrangement of apparatus was used 
which was similar to that employed by Djao (10) 
(Fig. 1). A 500-mI. Erlenmeyer flask was fitted 
with an inlet tube connected to a bubble trap con- 
taining barium hydroxide solution and an outlet 
tube which led to a series of two bubble traps con- 
taining standardized barium hydroxide solution. 
The second bubble trap was connected to a vacuum 
flask. Into the Erlenmeyer flask were placed 30 
Gm. (wet weight) of “starved” mycelium pellets. 



labeled carbon dioxide released b 5 ’ Claviceps litoralis 
from carboxyl labeled sodium acetate 

1 16 ml. of 0.1 M phosphate buffer solution and 4 ml. 
of labeled sodium acetate solution, 0.3 11/ (described 
below). When a vacuum was applied to this system, 
carbon dioxide-free air was admitted through the 
inlet tube into the flask, agitating the mixture and 
flushing the carbon dioxide from the flask into the 
barium hydroxide solution in the bubble traps. The 
barium carbonate precipitate was used for the 
measurement of ladioactivity. The mycelium was 
treated in this manner and the carbon dioxide col- 
lected over a period of 2 hours. Then the mycelium 
was removed from the solution by filtering, washed 
free of acetate and the organic acids extracted. 
-Ifter the individual acids had been separated and 
identified, they were oxidized separately as de- 
scribed later and their radioactivity content deter- 
mined - 

Tracer Material and Technique — Carbon-14 
carboxyl-iabeled sodium acetate having a labeled 
activity of 2 pc per millimole was diluted with suffi- 
cient nonradioactive sodium acetate and dissolved 
in distilled water to give a 0.3 4/ acetate solution. 
When 1 ml. of this solution was diluted to 30 ml., 
the final concentration of acetate was 0.01 jl/ and 
the activity was approximately 25,000 counts per 
minute. Specific activity(counts/ininute/mg. of 
carbon) of this solution was 3.35 X 10’. 

A convenient method of oxidizing samples in 
preparation of isotope assays is by the wet oxida- 
tion method (11) which was employed in this study. 
The carbon dioxide is absorbed in a 0.25 N bar- 
ium hydroxide containing 2% barium chloride. 
The total amount of barium carbonate is determined 
by titraling the excess barium hydroxide with 0.12 
N hj-drochloric acid using phenolphthalein as the 
indicator and calculating the amount of carbonate 
from the difference between the blank and the sample 
titrated. The barium carbonate precipitate was 
then collected and washed three times with 25 ml. 
portions of 95% ethanol. Several aliquots of each 
carbonate precipitate were homogenized in ethanol 
and plated on copper disks. Radioactivitj' meas- 
urements were made with a windowless flow 
counter (Tracerlab Windowless Flow Counter, Model 
SC-16) and an automatic scaling unit (Nuclear 
Scaling Unit, Model 163). These measurements 
were then corrected for background count (usually 
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20 ±2 counts/ininute) and self absorption (see 
Fig 2) and calculated as specific activity (counts/ 
minute/mg of carbon) 



4 6 12 16 20 24 28 32 

mg BaC*(^ per plate 


Fig 2 — Self absorption correction curve for BaC'Oa 


Samples of injcelium inaternl «crc dried coin- 
pletelj in a lyophihzcr prior to o\idation Samples 
of acetate or other radioactue liquids uere neutra- 
lized with sodium h>dro\ide solution and evaporated 
to drjness under reduced pressure before oxidation 
If the activitj of a sample was too high, a smaller 
aliquot of the material uas diluted uith nonradio 
active glucose and oxidized again in order to keep 
the counting rate between 100 and 2000 counts per 
minute 

Extraction and Isolation of Organic Acids — 
The organic acids were extracted bj boiling 30 Gni 
(wet weight) of mjeehum pellets in 30 ml of 0 1 A’’ 
sodium hydroxide and filtering The residue was 
re treated m the same manner three times The 
aqueous extracts were combined and neutralized, 
if necessary, with sodium hjdroxide solution and 
ex aporated to dryness The dried extract w as then 
taken up w ith 2 5 ml of 0 2 A^ H-SOj and chromato- 
graphed using the method of Eaton and Klein (12) 
At least four samples of each of the three groups of 
mjxehal pellets described above were extracted and 
chromatographed Each fraction was titrated 
with 0 01 N NaOH and the amount of acid in 
each fraction calculated This information was 
plotted and the amount of each individual acid 
determmed The organic acids isolated from the 
acetate-treated, "starved” material were oxidized, 
their radioactivity counted, and specific activity 
calculated The results are show n m Table I 

DISCUSSION AND CONCLUSIONS 

From the results obtained above it appeared that 
an oxidative cycle involving some of the compon 


Tabi e I — Comparison or Organic Acid 
Concentration in Fresh Pellets, Starved 
Peli ets and Acetatf-Treated Pellets of 
Claviceps litoralis 



Mg 


Mg Acid 



Acid 

Mg Acid 

Isolated 



Isolated 

Isolated 

Acetate 



from 

from 

treated 

Specific 


I rcsfi 

Starved 

Starved 

Activ 


Pellets 

Pellets 

Pellets® 

ity!> 

Acetate 

2 5G 

0 94 

1 57 

262 

Pyruvate 


2 75 

7 28 

335 

Succinate 


1 57 



Fiimarate 

0 30 

1 00 

3 74 

1307 

Malate 

0 32 

1 43 

3 28 

2058 

Total Acids 

3 18 

7 GO 

15 87 



“ C irbon 14 carboxyl libeled sodium icetite 
t> Specific icti\it> = counts per minute per mg carbon 


cuts of the TCA cj clc w as in operation A signifi 
vaiit amount of acetate was isolated from the fresh 
iinstarved” material along with small amounts of 
funiarate and inalatc The entire amount of ace 
tatc isolated should not be considered as coming from 
such an oxidative cjcle, for, when a general extrac 
tion method is used, all acetate, whether "active” 
icetatc or acetate from a metabolic "acetate pool,” 
vv ill be extracted 

The "starved” material showed approxiniatelv a 
100 per cent increase m total acids isolated compared 
to the amount found in the fresh material, indicating 
perhaps that the conditions of aeration and starva 
lion enhanced the oxidative processes and forced 
the organism to utilize reserve materials The 
starved,” acetate treated material showed a 200 
per cent increase in total acids In both latter 
cases acetate was found in the least amount while 
pj ruvate appeared m the greatest quantity Fuma- 
ratc and malate appeared m approximatelj the same 
iinoiints in each separate group of material It is 
reasonable to believe that a portion of the carbohj 
drate would be oxidized through the cjcle With 
the cj cle operating at a higher rate than in the fresh 
material, it could oxidize the labeled acetate at a 
more efficient pace 

In all cases no citrate or isocitrate could be iso 
latcd This would indicate that the entire TCA 
cjcle as elucidated bj Krebs was not functioning, 
however, these acids maj’ have been present m 
minute amounts too small to be detected or thej mav 
have been absent The absence of citrate and iso 
citrate could also be explained on the basis of the 
work bj^ Ochoa ct al (13, 14) These workers 
reported the finding of an enzjme present in micro 
organisms which not onlj^ decarboxylated / malic 
acid, but also decarboxjdated oxalacetic acid The 
result of these decarboxjdations was the formation of 
PJ ruvate which, m turn, was conv’erted to lactic 
acid bv lactic dehj drogenase How ever, since lac 
tic acid could not be detected in C liloralts, the 
possibilitj exists that lactic delij drogenase was 
lacking or might have been inactive in the fungus 
allowing an accumulation of pj ruvate to occur 
Considering the above two points, it would seem 
reasonable to believe that the formation of citrate 
would be prevented to a great extent and such a 
situation would also explain the accumulation ot 
PJ ruvate 
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Although the TCA cycle could be prevented from 
operating in its entirety by such an enzyme, the 
cycle would exist in part if, through the Thunberg- 
Wieland reaction, the acetate were incorporated into 
the cycle in the form of suceinate. Suecinate was 
isolated from the "starved,” untreated material, but 
the failure to isolate succinate from the "starved,” 
acetate-treated mycelial pellets weakens such a h 3 ’^- 
pothesis unless the presence of a highly active form of 
succinic dehj'drogenase could be shown to exist in 
C. litorahs No work along this line was attempted. 
From suecinate the carbon could follow the pathwax' 
through fumarate and malate to pyruvate, and this 
acid could then be decarboxylated to form acetate. 

From the results obtained it appears that the 
entire TCA cycle does not function in C. litorahs 
when it is grown under artificial conditions used in 
this studj', but a partial cycle does exist as an oxida- 
tive pathway in this fungus. However, consider- 
ing the low specific activity of the isolated, labeled 
acids, it is possible that some other oxidative path- 
way plays a more important role in the oxidative 


metabolism of C. litorahs than does anx* organic 
acid cj'cle xvhich may resemble the complete TC.A 
cx'cle 
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A Comparative Study of Surfactant Influence on the 
Release of Ions from an Emulsified Ointment Base* 

By JOHN F. STARKf, JOHN E. CHRISTIAN, and H. GEORGE DeKAY 


An apparatus has been designed and an in 
vitro method employing radioisotopes has 
been developed to study medicament release 
from pharmaceutical semisolids. Radio- 
labeled mercuric and iodide ions have been 
incorporated into hydrophilic bases emulsi- 
fied with 1, 3, and 5 per cent concentrations of 
anionic, cationic, and nonionic surface active 
agents and the ability of the bases to release 
the contained ions has been measured 

' I 'he sUBSERxaENCE of the nexver hydrophilic 
bases must of necessity be a measure of their 
ability to release a contained medicinal agent. 
The hydrophilic character of the emulsified 
semisolid, the surfactant classification, concen- 
tration and particle size, and the solubility and 
pH of the incorporated medicament appear, 
among other factors, to influence the release 
pattern. 

An in vitro method, simulating the actual con- 
ditions under xvhich a medicated ointment is 
frequently used, xx'as developed to study medica- 
ment release. Because of the ease and extreme 
sensitivity of detection, radioisotope labeled com- 
pounds xx'ere employed to represent the medicinal 

^ Received July 24, 1957, from the Bio-Nucleonics Labora- 
tory, School of Pharmacy, Purdue XJni\ ersity, Lafayette, Ind 
Presented to the Scienti6c Section, A Ph. A , New York 
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fraction of the hydrophilic bases 

The release patterns of a modified U. S. P. 
X\’ hydrophilic ointment base (1), emulsified 
xxdth x'arious concentrations of ionic and nonionic 
surface actix'e agents, hax'e been measured over 
predetermined time interx^als The effect of 
surfactant classification, concentration and elec- 
trostatic influence on the ability of the emulsi- 
fied x'^ehicles to release the labeled ions has been 
studied 

EXPERIMENTAL 

Design of the Apparatus. — The apparatus (Fig 1) 
supported a section of 3V< inch standard stretch 
seamless cellulose tubing,* securely attached to the 
apparatus in such a manner as to support a slight 
positwe head of pressure and thus xxithstand the 
contact of the circulating liquid xi ithout leaking. 
The cellulose enabled more reproducibility of re- 
sults than is usually possible xvith a living excised 
membrane. 

The counting chamber x\as designed so as to 
alloxv fluid floxv around the counter housing x\ ithout 
actually xxetting and contaminating the contained 
Geiger tube An R I D L. Alodel 200 Scaler* in 
conjunction xxith a bismuth cathode side-xx indoxv 


1 The VisLing Corporation, Chicago 38, 111 
* Radiation Instrument De\ elopment Laboratorj', Chicago, 
III 
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Fig 1 — Diagram of the release app iratus A, 
Membrane Station, B, Ground GI iss Surface, 
C, Perforated Extension (to prevent an ionic con- 
centration gradient beloii the membrane), D, 
Stirring Compartment E, Connecting Arms, F, 
Counter Housing, G, Counting Chamber 

counter,® geometricallj seated in the counter hous 
mg, ivas used to determine tlie radioactmtj 
Shielding, in the form of lead shot contained in a 
copper housing designed to fit across the connecting 
arms, protected the counter from extcrinl sources 
of ionizing radiation 

A phj siological solution containing the chlorides 
of sodium, potassium, calcmm, and inagncsiuni (2) 
was used as the circulating liquid \ rheostat 
controlled magnetic bar, enclosed in the stirring 
station, provided the neeessarj circulation 

A constant temperature bath of 2 liter capacitj 
was constructed of sheet copper to accommodate 
the release apparatus All experimental work was 
conducted at 37° ± 1 ° 

The bases containing the labeled ions were placed 
in a Incite holder and carefullj weighed for applica- 
tion to the membrane The holder was cut from 
7-mm stock, 50 x 65 mm and a hole 32 mm in 
diameter was bored in the center of the section 
The Incite was backed with aluminum foil, forming a 
cup to support bases of uniform thickness, known 
weight, and total activitj 

Base Preparation. — The U S P XV hj drophilic 
ointment base was modified by using selected ionic 
and noniomc surfactants in 1, 3, and 5% concen 
trations as emulsifj ing agents A constant aqueous 
phase was maintained by adjusting the amounts of 
white petrolatum and stearjl alcohol to accommo- 
date the varying surfactant levels A portion of 
the water was omitted in the formulation and sub- 


* Nuclear Chicago Chicago, III 


seqiicntly replaced with dilutions of the radioactive 
solutions With other than these changes, the 
U S P method of formulation was followed 
The general formulas of the bases used are shown 
in Tabic I 

Tahi e I 


' Quantities Gm 


Ingredients 

Surfactant 

1 

Conen 

3 

Per Cent 

5 

Metlij Iparabcii 

025 

025 

025 

Prop} Ip irabcn 

015 

015 

015 

Stcar} 1 alcohol 

27 0 

20 0 

25 0 

White petrolatum 

27 0 

26 0 

25 0 

Emulsifier 

I 0 

3 0 

5 0 

Prop} leiic gl} col 

12 0 

12 0 

12 0 

Purified water 

23 0 

23 0 

23 0 

Labeled dilution” 

10 0 

10 0 

10 0 

To make about 

100 0 

100 0 

100 0 


a Refers to eitlier Nal**> or Hg®’* (NOj)j dilutions contain 
ing 60 mg /ml of earner 


Sodium radio-iodidc (I‘”) and mercurj (Hg“®) 
nitrate,* containing a labeled anion and cation 
respcctixclj , were cmplojed to simulate the medica 
incut fractions of the bases These isotopes haie 
coiixenient halflnes and emit characteristic gnmma 
radiations of ncarlj the same energy Dilutions 
containing 50 mg /ml of carrier were prepared so 
that the volume incorporated imparted 1,500 to 
5,000 counts per minute® as determined by the pro 
cedure described below 

A portion of the base containing the labeled 
medicament was placed m a 2 dram, collapsible, tin 
tube for convenience in filling the Incite holder and 
weighing of the standardization sample 

Base Standardization. — ^An accurately weighed 
representatn c sample of radioactne ointment of 
approximatclj 0 5 Gm was dispensed from the col 
lapsible tube into a 100 ml \ olumetric flask The 
base w.is dissoh cd m a w.arm mixture of equal parts 
of cth) 1 alcohol and chloroform, the solution cooled, 
and brought to xoliiine with the sohent mixtuie 

The 100 ml of solution was added to a standard 
ization apparatus modeled after and identical to the 
counting section of the release apparatus and the 
radioactivitj determined The actuitj was ex 
pressed in terms of CPM per unit weight of base 
and was used to calculate the total activitx of the 
base applied to the membrane in the release stud} 

The standardization of the base under conditions 
identical to those in the determination of the re- 
lease activit} enabled expression of the final results 
III terms of per cent of the total medicament applied 
to the membrane 

Medicament Release Studies — The magnetic 
bar was placed into the stirring compartment and 
the membrane attached to the release apparatus 
The ph} siological solution was added and the air 
pocket beneath the membrane was removed b} 
displacement The apparatus was stationed in the 
37° bath, the shielding was placed in position, and 
the counter was inserted into the housing Rheo 
stat controlled stirring was commenced and an ad 
ditional physiological solution was added up to a 


* Obtained from Oak Ridge National Laboratory Oak 
Ridge Tenn Operated for the United States Atomic Energy 
Commission by Union Carbide Nuclear Company 

* Counts per minute hereinafter referred to as CPM 
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predetermined and constant height on the counter 
housing. This insured that the liquid level with 
regard to the pre-positioned counter was identical 
to that used in the standardization procedure and 
subsequent determinations. 

Background activity determinations were made 
in eaeh instance with the Incite holder (foil side 
doivn) in position on the membrane; thus, any 
small fraetion of the ionizing radiation which pene- 
trated the shielding was recorded as part of the 
background. The Incite holder was then inverted 
and the foil backing of the holder was rubbed gently 
to promote uniform contact between the base and 
the membrane. 

A stopwatch was started immediatelj’ after apply- 
ing the base to the membrane and after four minutes 
had elapsed, the radioactivity of the physiological 
solution was determined over a period of two min- 
utes. The corrected activity, expressed in CPM, 
was divided by the total activity of the base applied 
to the membrane, and multiplied by 100. This rela- 
tive value, expressed as per cent, was used as a 
measure of medicament release at the five-minute 
interval. Similar activity measurements indicated 
the release at the end of 10, 15, 20, 25, 30, 40, 50, 
60, 75, 90, 105, 120, 135, 150, and 170 minutes. 

The experimental data for iodide and mercuric 
ion are presented in Table II. Although the release 
measurements were conducted at sixteen different 
time intervals, only values indicative of the release 
at the end of two hours are reported for conciseness. 


DISCUSSION 

A survey of the data revealed that the ability of 
the hydrophilic bases to release the ions under 
study followed a characteristic pattern, especially 
with regard to surfactant concentration and t>T 5 e. 

Maximum release of both the iodide ion and mer- 
curic ion was evidenced from bases emulsified with 
1% surfactant concentrations. The bases emulsi- 
fied ivith 3% concentrations exhibited a decreased 
ability to release the incorporated ions. At the 5% 
level the release was generally further retarded. 
In an earlier publication Barker, et al. (3), reported 
that iodide was released to a greater extent from 
hydrophilic bases emulsified with low rather than 
higher levels of nonionic surfactants, as measured 
by a modified agar plate method. The results ob- 
tained by the method reported here are in agree- 
ment with Barker’s findings. Maximum release 
within each group, ionic or nonionic, was generally 
noted at the lowest concentration level employed, 
namely 1%. 

The ionic or nonionic nature of the agents utilized 
to emulsify the vehicles substantially influenced the 
release. The nonionic group of surfactant promoted 
the release of both the iodide and mercuric ions to a 
greater extent than did the anionic or cationic group. 
In the case of iodide ion, the anionic surfactants 
provided for greater release than the cationie; 
whereas, in the case of the mercuric ion there was no 
significant difference between the effects of these 
two types. 


Table II. — The Release of Iodide and Mercuric Ions'* from Hydrophilic Ointment Bases* Emulsi- 
fied WITH 1, 3, and 5 Per Cent Concentrations of Ionic and Nonionic Surface Active Agents 


Surfactant Listings 

Iodide Ion Releasedd. Conen 

of 

Mercuric Ion Releasedd, Conen of 

1 

3 

5 

1 

3 

5 

Aerosol® OT 

18.5 

13.2 

9.8 

8.1 

4.6 

3.5 

Antarate K 

14.5 

9.1 

10.9 

5.7 

2.3 

1.7 

Blendene 

20.4 

14.7 

11.3 

5.0 

3.9 

3.2 

Emulgade F 

18.1 

16.2 

16.6 

7.7 

5.6 

3.8 

Sodium lauryl sulf. 

17.4 

16.3 

14.8 

6.3 

5.9 

6.1 

Soluble base 11 

15.6 

12.2 

9.8 

5.9 

2.1 

2.5 

BTC 100% 

7.9 

7.8 

6.7 

3.2 

1.1 

1.0 

Emcol E-607S 

12.0 

8.5 

6.4 

6.7 

2.4 

2.0 

Ethomeen C/15 

16.7 

19.4 

17.3 

6.7 

2.6 

2.8 

Ethyl cetab 

11.4 

8.0 

8.0 

5.7 

1.6 

1.6 

Katapol PN-430 

14.7 

8.6 

7.0 

4.8 

2.4 

2.1 

Triethanolamine 

11.3 

10.4 

8.9 

6.2 

5.0 

2.9 

Brij® 35 

21.8 

15.4 

16.2 

10.3 

5.1 

3.7 

Emulsifier L-32 

20.0 

4.7 

4.6 

6.2 

4.0 

2.4 

Ethomid C/15 

13.7 

12.5 

10.9 

7.5 

4.7 

3.3 

G-2000C 

21.0 

11.9 

9.9 

11.5 

7.0 

4.3 

G-2152 

22.9 

19.1 

16.4 

10.7 

7.1 

5.9 

G-7596J 

23.9 

17.2 

18.3 

11.4 

6.5 

5.6 

Myrj® 52 

21.1 

17.5 

17.2 

9.9 

8.9 

6.1 

Neutronyl 834 

20.9 

7.7 

4.4 

7.5 

3.0 

3.7 

Nonisol® 100 

20.2 

16.9 

15.8 

10.6 

6.0 

5.5 

Promulgen 

22.7 

17.9 

14.8 

13.0 

7.9 

6.4 

Tween® 40 

26.1 

17.6 

19.0 

12.4 

6.6 

4.9 

Tween 80 

26.3 

20.3 

20.4 

8.8 

6.4 

2.5 


a The iodine and mercury were in the chemical forms Nal and Hg(NOj)i respectively. 

6 The hydrophilic bases were modifications of the U. S. P. XV hydrophilic ointment. Ten per cent water was omitted in for- 
mulating the bases and subsequently replaced with the labeled dilutions. The aqueous phase of each base was constant and 
the increased amounts of emulsifier were compensated for by equally reducing the amounts of stearyl alcohol and white petro- 
latum. 

c Surfactants 1-6 are classified anionic; 7—12 are classified cationic; and 13-24 are classified nonionic. J. W. McCutcheon’s 
"Synthetic Detergents and Emulsifiers — Up To Date," III, 1955, may be consulted for suppliers of the surface-active agents 
employed in this study. 

d The values reported represent the medicament released at the end of 120 minutes A study of the variation that could be 
expected between individual determinations was conducted and percentage errors of 2 3 to 4 1 were found, well within the ex-‘ 
pected deviation. 
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CONCLUSION 

It can be generally stated that maximum re- 
lease of a medicinal agent may be expected from 
a base emulsified with a nonionic surfactant in as 
low a concentration as is feasible to impart the 
required emulsion character and stability; how- 
ever, the release of a given medicament is de- 
pendent upon manj' factors and each formula- 


tion must be considered individually for medica- 
ment release characteristics. 
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The Paper Chromatography and Electrophoresis of 
Selected Therapeutic Agents I.* 

The Paper Chromatography of Antihistaminic Agents 


By BETLEIGH C. COX, HAROLD C. HEIM, and CHARLES F. POE 

The paper chromatography of some anuhistamines has been performed with six 
solvent systems. Pretreatment of the paper with monosodium citrate resulted in 
consistently lower and more widely var) ing R; values, in all of the solvent systems 
used. A greater degree of resolution was obtained. The solvent systems that 
provided the most successful resolution of a mixture of the antihistamines were: 
(.r) isoamyl alcohol-water-citric acid, 50 50:3 Gm.; {b) w-butanol-water-amyl ace- 
tate, 10:1:4 v/v; and (c) isoamyl alcohol- water-ethyl acetate, 10:1:3 v/v. 


'■fl ■'here are numerous antihistaminic com- 
potmds in use today, and many exhibit 
similarities of chemical structure. The problem 
of identification and resolution of these substances 
has become complex. The antihistamines have 
been analyzed by means of their melting points, 
spectrophotometric patterns (1, 2), polarographic 
curves (3), qualitative reactions (4, 5), and ion- 
exchange resin behavior (6). 

Paper chromatography offers a method of 
identification and recovery of minute amounts 
of these compounds. The resolution of a mix- 
ture of the antihistamines is made possible by the 
use of this technique. This paper describes 
the paper chromatographic behavior of a repre- 
sentative group of the antihistamines. 

EXPERIMENTAL 

Apparatus. — The chromatographic chamber was 
a Research Equipment Corp. Chromatocab, Model 
A 300. 

Materials. — All solvents and chemicals were C.P. 
or Analytical Reagent grade. 

The following compounds were studied: Diphen- 
hydramine hydrochloride (Benadryl®), thonzyla- 

* Received July 18, 1956, from the College of Pharmacy, 
.University of Colorado, Boulder, 

Presented to the Scientific Section, A Ph A , Detroit meet- 
ing April 1956, 


mine hydrochloride (Neo-hetramine®), do.xylaraine 
succinate (Decapryn®), tripelennamine hydrochlo- 
ride (Pyribenzamine®), chlorcyclizine hydrochlo- 
ride (Di-Paralene®), pyrilamine maleate (Neo- 
Antergan®), pyrathiazine hydrochloride (Pyrrolr- 
zote®), antazoline hydrochloride (Antistine®), meth- 
apyrilene hydrochloride (Thenylene®), pheniraraine 
maleate (Trimeton®), chlorpheniramine maleate 
(Chlor-Triraeton®) and phenindamine tartrate 
(Thephorin®). 

Solvent Systems. — (o) w-Butanol-water-citric 
acid, 50:50:3 Gm.; (fe) isoamyl alcohol-water- 
citric acid, 50:50:3; (c) n-butanol-water-ethyl 

acetate, 10:2:1 v/v; {d) K-butanol-water-ethyl 
acetate, 10:1:2 v/v, (e) isoamj'l alcohol-water- 
ethyl acetate, 10:1:3 v/v, (/) «-butanol-water- 
amjd acetate, 10:1:4 v/v. 

The mobile phase was the organic layer, in all 
instances. In all experiments involving K-butanol, 
fresh solvent was necessary- for each resolution to 
achieve reproducible R / values. 

Paper. — Whatman No. 1 chromatography paper, 
in strips 34.0 cm. long and 1.3 cm. wide, was used. 
Pretreated strips were used in each solvent system. 
Pretreatment consisted of thoroughly wetting the 
paper in 5 per cent aqueous monosodium citrate, 
blotting the excess solution and drying at 70° fo'' 
20 minutes. 

Experimental Procedure. — Descending chroma- 
tography was used. A solution of approximately 25 
meg. of antihistamine in 95% ethanol was applied 
to each strip. After drying, tlie strips were placed 
in the Chromatocab for an equilibration period of 
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nine hours A constant volume of 150 ml of develop- 
ing solvent was added to the trough in all experi- 
ments Seventy-five ml. of the aqueous phase 
were placed in the bottom of the chamber. Develop- 
ment was performed at 23 ° ± 0.5°. The strips were 
air dried and sprayed with modified Dragendorff 
reagent (7) for detection of the compounds 

RESULTS AND DISCUSSION 

The Rf values of the antihistamines, as deter- 
mined in the various solvent systems, are listed in 
Table I Although 18 determinations were made 
with each antihistamine, only the most characteris- 
tic ones are included in the table Also, the results 
uith untreated paper are omitted Some experi- 
ments were performed in which the ascending method 
was used 


high Rf values, and poor resolution Lactic acid as 
the third component produced no improvement 
The solvent s 5 'stem n-butanol-water-citric acid, 
50 50:1 Gm. gave loner Rf values, but unsatis- 
factorj' resolution, upon untreated strips However, 
pretreated strips produced considerably improved 
resolution of the compounds Increasing the citric 
acid content to 3 Gm further improved the resolu- 
tion. WTien the citric acid content was increased 
to 5 Gm., the resolution was decreased because there 
were a group of Upvalues in a high range, and a group 
in a low range. Thus, it appears that optimum 
resolution of these compounds is attained with the 
solvent system n-butanol-water-citric acid 50 50 3 
When isoamyl alcohol was used as the solvent, 
the Rf values were consistently loner than nhen 
« butanol was used Some compounds, such as 
chlorcyclizine hydrochloride, pjTathiazine hydro- 
chloride, and phenindamine tartrate, exhibited high 


Table I. — Rf Values of Antihistaiunes 


' Soh ent System'* — — 

Compound 1 2 3 4 5 6 


Diphenhj’dramine hydrochloride 

0 

87 

0 

75 

0 

94 

0 

68 

0 

72 

0 

65 

Thonzj'lamine hydrochloride 

0 

79 

0 

56 

0 

88 

0 

56 

0 

45 

0 

49 

Doxylamine succinate 

0 

39 

0 

16 

0 

59 

0 

38 

0 

20 

0 

28 

Tripelennamine hydrochloride 

0 

49 

0 

23 

0 

70 

0 

42 

0 

28 

0 

31 

Chlorcyclizine hydrochloride 

0 

97 

0 

79 

0 

97 

0 

SO 

0 

77 

0 

69 

Pyrilamine maleate 

0 

48 

0 

31 

0 

68 

0 

39 

0 

26 

0 

33 

Pyrathiaziiie hydrochloride 

0 

90 

0 

88 

0 

96 

0 

79 

0 

74 

0 

76 

Antazoline hydrochloride 

0 

88 

0 

84 

0 

95 

0 

78 

0 

67 

0 

63 

Metapyrilene hydrochloride 

0 

50 

0 

19 

0 

73 

0 

44 

0 

29 

0 

35 

Pheniramine maleate 

0 

44 

0 

25 

0 

61 

0 

40 

0 

23 

0 

24 

Chlorpheniramine maleate 

0 

78 

0 

49 

0 

86 

0 

49 

0 

35 

0 

43 

Phenindamine tartrate 

0 

89 

0 

81 

0 

93 

0 

73 

0 

70 

0 

72 


** 1 n-Butanol-water-citric acid, 50 50 3 Gm , with pretreated paper 2 lsoam>l alcohol-water citric acid, 50 50 3 
Gm , with pretreated paper 3 «-Butanol-water-ethyl acetate 10 2 I \/v. with pretreated paper 4 «-Butanol-water 
ethyl acetate, 10 1 2 v/v, with pretreated paper 5 Isoarayl alcohol water-ethyl acetate, 10 1 3 v/v, with pretreated 
paper 6 «-Butanol-water-amyl acetate, 10 1.4 v/v, with pretreated paper 


With the apparatus used in this study, the Rf 
values were found to be essentially the same as those 
obtained with the descending method 

The use of a large chromatographic chamber 
necessitated an adequate equilibration period and a 
strict control of quantities of mobile and stationary 
solvent phases The development period of nine 
hours produced a solvent flow of 20 0 to 22 0 cm., 
and increased accuracy Rf values were slightly 
erratic if the solvent flow was permitted to reach a 
point two or three cm from the end of the strip 

Pretreatment of the paper with monosodium cit- 
rate produced a significant improvement in the chro- 
matography of these compounds The spots were 
more discrete and more readily visible The back- 
ground was initially colorless, w*hereas upon un- 
treated strips, the background was initially orange. 
The resolution of a mixture of compounds was 
improved, in most instances 

The addition of acetic acid as the third component 
to a u-butanol-water solvent system resulted in 


Rf values regardless of the solvent system used. 
On the other hand, compounds such as doxylamine 
succinate, pyrilamine raaleate, and pheniramine 
maleate exhibited generallj* lower Rf values and the 
magnitude oi Rf was found to be dependent to a 
considerable extent upon the solv*ent system used 
The Rf values of p 3 Tathiazine hj-drochloride v*aried 
between 0 74 and 0 96; those of methapvTilene 
hv'drochloride between 0 19 and 0 73 This char- 
acteristic is useful as a guide to the selection of a 
resolving system 
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Notes 


A Note on the Crystallography of ^-Propoxyphene Hydrochloride* 

By HARRY A. ROSE 


A NEW COMPOUND, (f-propoxyphene hydro- 
chloride, prepared at the Lilly Laboratories 
has about the same analgesic response as 
codeine phosphate (1) The chemistry of the 
compound is discussed elsewhere (2, 3). Data 
are given here which permit the identification of 
this compound by crystallographic methods 
Chemically, (f-propoxyphene hydrochloride is 
<x-d-4.- dimethy lamitio - 1 ,2 - diphenyl - 3 - methyl - 2- 
propionyloxybutane hydrochloride and has the 
following structure 


O 



CHs 


EXPERIMENTAL 

Crystallization from ethyl acetate resulted in 
orthorhombic prisms elongated parallel to the b 
axis The crystals showed tlie prism (llOj and the 
orthodome (lOlj Measurements of the interfacial 
angles gave the following results: 110 > TlO (polar) 
94° 18' (optical). 93° 58' (X-ray), 101 > 101 (polar) 
86° 03' (optical), 86° 10' (X-ray) 

The X-ray powder diffraction data were obtained 
using copper radiation and nickel filter with a 
camera 114 6 mm in diameter A uavelength 
value of 1 5405 A was used in the calculations The 
indexing of the powder pattern was done on the basis 
of single crystal rotation patterns around both the 
b and c axes 

On heating, d-propoxyphene hydrochloride melts 
in the range 168—171°, The melt does not crystallize 
on cooling 


Table I —X-Ray Crystallographic Data 


Unit Cell Dimensions no = 12 83 A, 5o = 13 75 A, 

Co = 12 00_ 

Formula Weight per Cell 4 
Formula Weight 375 9 

Density 1.173 Gm./cc (flotation), 1 181 Gm /cc. 
(x-ray). 

Axial Ratio a:b:c = 0 9331 1 0 8727 
Space Group F2i2i2i 


* Received July 1, 1957 from the Analytical Department, 
Eh Lilly and Company, Indianapolis, Ind 


Table II. — Optical Crystallographic Data 


Refractive Indices. (5893 a 1, 25°). a = 1.560 
0 = 1.582, Y = 1 638 

Optic Axial Angle. (4-) 2 V = 66° (calcd. from a, 
0 and 7) , 

Optic Axial Plane. 100 
Acute Bisectrix. 7 = c 


Table III. — X-Ray Powder Diffraction Data 


d 

t/h 

hk I 

d (calcd) 

9.50 

0 

03 

110 

9 38 

8 79 

0 

33 

101 

8 76 

7 40 

0 

20 

111 

7 39 

6 39 

0 

03 

200 

6 41 

6 02 

1 

00 

120, 002,021 

6 06, 6 00, 5 97 

5 60 

0 

03 

201 

5 66 

5 38 

0 

03 

121 

5 41 

5 06 

0 

27 

112 

5 05 

4 55 

0 

20 

022 

4 52 

4 38 

0 

20 

202, 221 

4 38, 4 37 

4 08 

0 

07b 

312,310, 131,301 

4 17,4 08,4 06, 





4.03 

3 86 

0 

07 

311 

3 87 

3 76 

0 

20 

230 

3 73 

3 65 

0 

07 

320 

3 63 

3 50 

0 

20 

132, 302, 321 

3 50, 3 48, 3 47 

3 35 

0 

07 

123 

3 34 

3 21 

0 

13 

400, 141 

3 21,3 20 

3 10 

0 

07 

401 

3 10 

3 01 

0 

07 

240, 331.411 

3 03. 3 03, 3 01 

2 92 

0 

13 

303, 142 

2 92, 2 91 

2 86 

0 

07 

313 

2 86 

2 78 

0 

03 

332 

2 77 

2 70 

0 

03 

204 

2 72 

2 62 

0 

07 

151,341 

2 62,2 61 

2 52 

0 

13 

224. 510 

2 53,2 52 

3 46 

0 

07 



2 40 

0 

03 



2 34 

0 

07b 



2 27 

0 

03 



2 23 

0 

03 



2 14 

0 

03b 



2 09 

0 

03b 



2 02 

0 

03 



2 00 

0 

03 



1 95 

0 

03 



1 89 

0 

03 
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A Note on Specific Rotation and Temperature Coefficient* 

By JOSEPH ROSIN and C. J. WILLIAMS 


Je' 


r 




1 


I T IS UNIVERSALLY accepted that the temperature 
at which it is determined affects optical rotation 
as it does other physico-chemical properties, e. g., 
specific gravity, refractive index, etc. For this 
reason numerical data of these properties are either 
“suffixed" with the temperature at which the data 
apply or were measured, or it is implied by specific 
statements in the introductory remarks In the 
United States Pharmacopeia and the National 
Formulary the temperature for measuring rotation 
is 25°; in the British Pharmacopoeia and the major- 
ity of European Pharmacopoeias it is 20°. 

In the past several years the senior author has had 
correspondence with several laboratories about 
reported divergences in the specific rotation between 
laboratories on the same samples This situation 
came to focus in a collaborative study of the purity 
of an amino acid Discrepancies in the reports on 
the specific rotation were of a puzzling magnitude. 
Normal variations in concentration, in the authors’ 
experience even as much as 60%, would not account 
for the differences Nor could they be attributed, 
so it was thought, to normal variations in laboratory 
temperatures In chemical laboratories it is gen- 
erally assumed that a deviation of ± 2-3° from the 
standard temperature has no significant effect on 
specific rotation value As a matter of last resort 
a e decided to check experimentally the effect of tem- 
perature variations within approximately the range 
of usual laboratory temperatures 
The solution of the chemical in a 100 mm polarira- 
eter tube fitted with a thermometer was cooled to 
the low temperature (20° or 22°) and the rotation 
measured by taking the mean of 6 to 10 readings 
The temperature of the solution was then raised by 
warming one or two degrees and the rotation deter- 
mined as before described After observing the rota- 
tion at the highest temperature (30°) the solution 
was cooled to the original lowest temperature and the 
rotation again determined at this temperature. 
This was done to make sure that no deterioration 
of the chemical had occurred during the intervals. 
The first value found at the lowest temperature and 
that of the check did not deviate from each other by 
at most one degree of specific rotation 

The temperature "coefficient” — the increase or 
decrease in specific rotation per degree difference in 
temperature — was thus found surprisingly large for 
the chemical first investigated, and when the re- 
ported values by the several laboratories were cor- 
rected for the temperature at which they were deter- 
mined by the coefficient we established, the results 
were harmonious 

This finding induced us to test several other me- 
dicinal chemicals for their specific rotation tempera- 
ture coefficient See the results in Table I , 

The specific rotation values in the Table are on the 
anhydrous basis The solvent, when not otherwise 
indicated in the last column, is water 

Of the 16 specimens thus examined, 6 showed a not 
insignificant temperature coefficient, and half of 
them a rather large one. This study emphasizes 
what is well known in science that assumptions are 
not to be relied upon. 


♦Received November 15, 1957 from the Laboratories of 
Merck & Co , Rahway, N J 
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Didcrcncc m degrees of specfie rotation determined at highest and lowest temperatures Mn I AT HCl ‘la CTOH + CHCli In Dioxane. 


Book Notices 


La Raziivolfia B> Livio Mediani Casa Editrice 
Ambrosiana, Milan, 1957 xvi + 582 pp 16 5 
K 22 cm 

This book revievis, in a competent manner, the 
historj . chemistry, and pharmacology of the several 
known species of Raun olfia It includes references 
to the original literature, but has no index 

Science looks al Smoking A New Inquiry into the 
Effects of Smoking on Your Health By Eric 
Northrup Coward McCann, Inc , New York, 
1957 190 pp 13 5 X 20 5 cm Price 53 

An effort is made to inquire into the effects of 
smoking, and to appraise some of the reports that 
have been so widelj circulated The reports on 
smoking as a cause of lung cancer and heart failure 
are review ed and evaluated The author points out 
that faulty research methods and preconceived 
attitudes have made some of the publicized con- 
clusions invalid and suspect, and that as a result 
the public has been unduli alarmed by the hasty re- 
lease of inconclusive reports and findings 

Tables for Use with Binomial Samples By Donald 
Mainland, Lee Herrera, and Marion 1 
Sutcliffe Department of Medical Statistics, 
Ixeiv York University, New York, 1957 \i\ -f 83 

pp 27 5 \ 21 cm Price $2 
The statistical tables published by Mainland and 
his collaborators during the past eight years are of 
pharmaceutical interest All of the tables, with 
instructions, are now reissued in book form by photo- 
offset from typed material, with a stiff (twillpex) 
cover and spiral binding It contains many more 
entries than in the ongmal versions, in order to 
minimize the need for interpolation The tables 
remove the need for computation or reduce it to a 
line or two of simple arithmetic Tables I-IV are 
for the significance testing of fourfold contingency 
tables (comparison of two percentage frequencies) 
Tables V-IX show binomial confidence limits for 
sample sizes from 1 to 100,000, with intervals of 1% 
or less between sample percentages for the 95% and 
99% limits, and somewhat wider intervals for the 
80% limits Estimates of sample sizes required 
under various conditions are obtainable from all the 
tables, but Table X is speciallj designed for this 

Veterinary Toxicology (Formerly Lander’s Veterinary 
Toxicology) By R J Garner The Williams 
& Wilkins Company, Baltimore, 1957 (distribu- 
tors for Bailliere, Tindall and Cox, London) iv 
-f- 415 pp 15 \ 23 cm Price $7 50 
This book was published originally under the 
title “Lander’s Veterinary Toxicology,’’ the last 
edition of which appeared in 1945 Since that time, 
so much new material has accumulated that it 
has been necessary to prepare a complete revision 
Most toxic compounds to which animals may be 
exposed have been covered by dividing them into six 
classifications These classifications include in- 


organic substances, organic compounds (I) drugs 
(II) pesticides, and (III) miscellaneous In two 
other chapters poisonous plants and radioactive 
materials are discussed from a toxicological stand 
point The eighth and final chapter covers quite 
adequately methods employed in toxicological 
analysis 

Volumetric Analysts, Vol III-Ttlrahon Methods 
Oxidation-Reduction Reactions By I M Kolt 
hoff and R Belcher with the cooperation of V A 
Stenger and G Matsuyama Interscience Pub 
lishers, Inc , New York, 1957 ix 714 pp 16 
X 23 cm Price SIS 

The third and last volume of “Volumetric Anal 
jsis" deals exclusively with oxidation-reduction 
titrations It is logically arranged m a senes oi 
fifteen chapters, is well documented throughout, 
and is provided with author and subject indexes 
The first chapter discusses reactions, indicators, and 
general techniques in oxidation reduction titrations 
Other chapters discuss potassium permanganate as 
a volumetric reagent, oxidimetry w ith permanganate 
and with ceric salts, potassium dichromate as oxidiz- 
ing titrant, lodometry, determination of water with 
the Karl FiscJier reagent Other chapters cover the 
use of potassium lodate as an oxidizing titrant, o\i 
dation of organic compounds with periodate, po 
tassium bromate as a titrmietric reagent, oxidation 
with hypohahtes, titrations with iron, titaninm 
and other strong reducing agents, and miscellaneous 
titraiits The book constitutes a useful reference to 
titration methods involving oxidation reduction 
reactions 

Advances in Pest Control Research Vol I Edited 
by R L Metcalf Interscience Publishers, Inc , 
New York, 1957 vii 514 pp 15 x 23 cm 
Price Sll 

This IS the first in a series of selected contributions 
by^ specialists in fields related to pest control 
research The pests include economically destruc 
ti\ e species of plants and animals, variously' classified 
as vnuses, bacteria, fungi, weeds, protozoa, 
nematodes and other helminths, molluscs, insects 
and other arthropods, fish, birds, and rodents 
The text of this volume includes the following 
subjects Control of health hazards associated w ith 
the use of pesticides. The chemistry' and mode of 
action of herbicides. Uses of radioisotopes in 
pesticide research. The chemistry of action of 
organic phosphorus insecticides. Mechanisms of 
fungitoxicity. Recent advances m control of soil 
fungi. Repellents for biting arthropods. The status 
of systemic insecticides in pest control practices. 
Chemical analysis of pesticide residues, and Bio 
assay of pesticide residues The text includes many 
references which are given at the end of each 
chapter A good subject index is appended 

The sty’le, format, type, and binding of the book 
are very good The text material represents good, 
comprehensive review s w ith suggested approaches to 
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further research. The book should be very useful in 
public health, pharmacy, chemistry, agriculture, 
and analytical libraries. 

Basic Fads of Pharmacology. By S. M. Brooks. 

W. B. Saunders Co., Philadelphia, Pa., 1957. 

323 pp. 14 X 20.5 cm. Price $4. 

This textbook is designed to present the essential 
facts of pharmacology to the members of the nursing 
profession — especially student nurses. The author 
claims little originality for most of the text except 
the organization and literary style. The latter are 
excellent. Included is a tabulation of important 
drugs in current use — giving generic name, common 
or trade name, U.S.P., N.F., or N.N.R. listing, and 
classification, use or condition treated. A glossary 
and a general index are appended. 

Basic Pharmacology for Nurses. By Jessie E. 

Squire. The C. V. Mosby Co., St. Louis, 1957. 

265 pp. 17.5 X 25.5 cm. 

This book is a good text for teaching the required 
pharmacology to nurses. The arrangement of 
material is intended to aid in memorizing the 
information, and the "assignments” include good 
review questions. A glossary of frequently used 
terms and an index are included. 

Cosmetics: Science and Technology. Edited by 

Edward Sagarin. Interscience Publishers, Inc., 

New York, 1957. xLx + 1,433 pp. 16.5x24.5 cm. 

Price S25. 

This comprehensive compilation of technical 
information on cosmetics and practical formulations 
is a very useful addition to the literature in its 
field. The text is divided into four major divisions 
headed: The scope of cosmetics. Toilet preparations 
(about 800 pages), Manufacture and technology. 
Physiological considerations, and Legal considera- 
tions. 

The similarity between cosmetic formulations and 
pharmaceutical lotions, ointments, aerosols, etc., 
make this book a very valuable reference for the 
pharmacy as well as the cosmetic laboratory. 
The text is documented with references that are 
given at the end of each chapter. An index of trade 
names of materials used in cosmetic formulations, a 
list of suppliers, an author index, and a subject 
index are appended. 

The type, format, printing, and binding are very 
good in this book that should find a place in many 
laboratories and libraries. 

The Dermatologist's Handbook. By Ashton L. 

Welsh. Charles C Thomas, Publisher, Spring- 

field, 111., 1957. xii -f- 427 pp. 21.5 x 28 cm. 

Price $15. 

This book represents an attempt to organize into 
a rational systematic classification, for purposes 
of instruction and reference, the topical and inter- 
nal therapeutic agents concerning which a derma- 
tologist must have knowledge. It is noted that 
synthetics, detergents, excitants, irritants are with 
us and about us; and that the dermatologist is 
confronted daily with manifestations of sensitivity 
to external agents and to internal agents consumed 
voluntarily or prescribed by other physicians. 


The book is an arrangement utilizing pharmaceutical 
dosage forms and pharmacologic classifications for 
external preparations and therapeutic indications 
for grouping preparations used internally. 

Although the compilation is not intended to cover 
all classes of drugs completely, there are enough 
"representative compositions” to give the im- 
pression that the title "Dermatologist’s Forinular 3 -” 
might be more suitable for this volume. The 
information, which is presented in abstract mono- 
graph form, should be useful as a ready reference. 
The book is very well printed, has a good format and 
clear type, and has a good binding. An index of 
manufacturers and distributors and a subject index- 
are appended. 


Hormonal Regulation of Energy Melaholism . Com- 
piled and edited by Laurance W. Kinsell. 
Charles C Thomas, Publisher, Springfield, 111,, 
1957. xii -F 242 pp. 15 x 23 cm. Price S5.25 
This book records the papers and discussions of a 
Conference on Hormonal Regulation of Energy 
Metabolism. Subjects included are; Certain aspects 
of hornional regulation of carbohydrate metabolism. 
Hormonal regulation of enzymatic activity. The 
anterior pituitary in relation to energy metabolism, 
The mechanism of the influence of pituitarj' growth 
hormone on metabolism. The thyroid in relation to 
energy metabolism. Insulin — reminiscences. Dia- 
betes and the insulin problem, and The adrenal 
cortex and energy metabolism. The importance of 
insulin in overall energj^ metabolism is stressed by 
its frequent inclusion in discussions of all phases of 
the problem. 

The book has a good style, with excellent type, 
format, and binding. Its one shortcoming is the 
absence of a general index, which detracts from its 
usefulness as a reference volume. 


Rogers' Inorganic Pharmaceutical Chemistry. 6th ed. 
By Taito O. Soine and Charles O. Wilson. 
Lea & Febiger, Philadelphia, 1957. 705 pp. 

15.5 X 23.5 cm. Price S9.50 
The textbook, that was originally written by 
Charles H. Rogers, has again been revised to be used 
readily with U. S. P. XV and N. F. X by students and 
practitioners of pharmacy. Aside from the modern- 
ization of the text material, changes from the 5th 
ed., which was reviewed in This Journal, 41, 
339(1952), include: deletion of discussions of non- 
official compounds of interest only from a chemical 
standpoint; deletion of discussions of pharmaceuti- 
cal preparations in which official inorganic com- 
pounds occur, and provision of a statement on the 
purpose of these compounds in each preparation. 
The text follows closely the Periodic Table arrange- 
ment of the elements. 

The text, type, format, and binding are very good. 
The inclusion of the kind of information that has 
been useful and helpful in the past assures the 
continued popularity of this book. 

Pharmacology and Oral Therapeutics. 11th ed. By 
Edward G. Dobbs. The C. V. Mosby Company, 
St. Louis, 1957. 579 pp. 14 x 22 cm. Price S9. ^ 
This is the 11th edition of a well-known textbook 
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formerly published under the title "Pharmacology 
and Dental Therapeutics.” It now contains new 
material pertinent to the field of oral medicine. It 
covers many new drugs that have appeared since 1951 
and the descriptive material conforms to the current 
revisions of the United States Pharmacopeia and the 
National Formulary. 


' Chemical Properties of Organic Compounds, an 
Introduction. By Elliot N. Marvell and 
Albert V. Logan. John Wiley & Sons, Inc., 
New York, 1957. x + 326 pp. 14.5 x 23 cm. 
Price $4.75. 

This book uses theoretical organic chemistry as a 
basis for teaching introductory organic chemistry. 
Reactions have been chosen to emphasize principles 
and reduce the reader’s memory burden. The con- 
cept of studying “functional groups” is stressed, and 
special topics are limited to those involving chem- 
istry that will be useful to those this book was de- 
signed to serve. 


Textbook of Pharmacognosy. 7th ed. By George 
Edward Trease. The Williams and Wilkins 
Company, Baltimore, 1957. viii -f 806 pp. 13.5 
X 21.5 cm. Price $8.50. 

The 7th edition of this standard textbook by 
Professor Trease has been thoroughly revised and 
includes more information than heretofore on the 
newer physical and chemical methods of drug evalua- 
tion. The botanical side of pharmacognosj’, how- 
ever, has not been deemphasized. 


to everyone professionally or personally concerned 
with neurological disabilities. 


Manual of Nutrition. 4th ed. Prepared by the 
Adviser’s Division (Food) of the Ministry of 
Agriculture, Fisheries and Food. First edition by 
Magnus Pyke. Printed by Fosh and Gross Ltd., 
London, for Philosophical Library, New York, 
1957. 70 pp. 15 X 24 cm. Price $3.50. 

This is the 4th edition of a book first published in 
Great Britain in 1945. It presents the principles of 
nutrition and good, healthy feeding. 

y./J- 


The Chemistry of Organic Medicinal Products. 4th' 
ed. Edited by Glenn L. Jenkins, Walter H. 
Hartung, Kenneth E. Hamlin, Jr., and 
John B, Data. John Wiley and Sons, Inc.,j 
New York, 1957. x + 569. 15.5 x 23.5 cm. 

Price $10.75. 


This new edition shows an extensive revision of the 
material in the third edition, thus bringing the 
subject matter well up to date. New material con- 
tained in the revised ivork includes a chapter on 
antibiotics and an increased section on hormones. 
All references, where possible, to the in viva action 
of drugs are given and many new compounds of 
pharmaceutical interest are discussed. In this re- 
vision, much of the elementary organic chemistry 
and material on little used compounds have been 
deleted, thus making room for the newer material 
without appreciably enlarging the text. 


Aids to Materia Medica and Therapeutics. 5th ed. 
By J. W Hadgraft. Bailliere, Tindall and Cox, 
London, 1957, (The Williams and Wilkins Com- 
pany, Baltimore), viii 259 pp. 10 x 16 cm. 
Price $3.25. 

This little book is designed to indicate to the medi- 
cal student the way in which drugs are formulated 
for use in therapeutics and the alternative prepara- 
tions available. It has been completely revised in 
accordance with the British Pharmacopoeia of 1953 
and the Addendum 1955. 

The Chemistry of Natural Products. Vol. I, The 
Alkaloids. Edited by K. W. Bentley. Inter- 
science Publishers, Inc., New York, 1957. vii -p 
237 pp. 15 X 23 cm. Price $4. 

Important facts about the structural chemistry of 
alkaloids and the degradative and synthetic means 
whereby the structures were elucidated are presented 
and illustrated by a profusion of formulas. 

Ten Million and One, Neurological Disability as a 
National Problem. By the Arden House Confer- 
ence sponsored by the National Health Council. 
Edited by Alice Fitz Gerald and Justus J. 
ScHiFFERBS. Hoeber-Harper, New York, 1957. 
XV -f- 102 pp. 13.5 X 20.5 cm. Price $3.50, 

This book explores possibilities of meeting the 
problems posed by neurological disabilities and illus- 
trates how a cooperative approach to the problem 
can hope to yield better results in diagnosis, treat- 
ment, management, education, and vocational place- 
ment of the neurologically disabled. It is of interest 


Introduction to Protein Chemistry. By Sidney W. 
Fox and Joseph F. Foster. John Wiley & Sons, 
Inc., New York, 1957. viii -f 459 pp. 15 x 23 
cm. Price .$9.50. 

This book covers the fundamental aspects of pro- 
tein chemistry and indicates ways in which the 
knowledge is basic to biology, nutrition, and food 
technology. 

The Lynn Index. A Bibliography of Phytochemistry 
{Monograph I). Organized and edited by John 
W. ScHERMERHORN and Maynard G. Quimby. 
Massachusetts College of Pharmacy, Boston, 
1957. 46 pp. 15 X 23 cm. Price $1. 

The late Dr. Eldin V. Lynn, Chairman of the 
Department of Chemistrj’’ at the Massachusetts 
College of Pharmacy, spent many years searching the 
literature for references to phytochemistry. This 
collection has come to be known as the "Lynn File. 
The organizing and editing of the material for pub- 
lication as The Lynn Index was started in June 1957. 
It is estimated that seventy or eighty issues will be 
needed to complete the project. The contents of 
each monograph will be so arranged that one can 
determine what work has been reported on a given 
plant and what constituents have been isolated and 
identified. Each monograph will be concerned with 
species from a single plant family or from a group 
of related families. The contents of Monograph I 
deal with the order Centrospermae and include 
nearly 400 references to approximately sixty genera 
distributed among the following families; Aizoacoe, 
Amaranthaceae, Caryophyllaceae, Chenopodiaceae, 
Nyctaginaceae, Phytolaccaceae, and Portulacaceae. 



ANNOUNCEMENT 


This issue of the Scientific Edition of the Journal of the American 
Pharmaceutical Association is supplied in two parts. Part I is the custom- 
ary edition of the Journal, and Part II is a supplement carrying the list of 
active members of the American Pharmaceutical Association, the list of 
current Association officers, a brief history and summary of the Association’s 
activities, the list of officers of the Association and places of meeting since 
its organization, the Constitution and By-Laws of the Association and the 
By-Laws of the Council, the House of Delegates and the Sections, the Certifi- 
cate of Incorporation, the Code of Ethics, the lists of national, state and local 
pharmaceutical organizations with the names of their Secretaries, the list of 
accredited Colleges of Pharmacy, State Boards of Pharmacy, and other simi- 
lar information. 

Prior to 1945, the Proceedings of the American Pharjiaceutical Asso- 
ciation were published either separately or in installments in the monthly 
Journal. Since 1949, we have been issuing the information referred to in the 
previous paragraph as a supplement to the Scientific Edition of the Journal 
so that it could be available as a separate volume to those who refer to this 
information frequently. The Proceedings of the Annual Convention are 
published in narrative form in the Practical Pharmacy Edition of the Journal 
immediately following the annual convention. 

The Proceedings of the 1954 and 1955 conventions were published in nar- 
rative form in the September, 1954 and June, 1955 numbers respectively of the 
Practical Pharmacy Edition of the Journal of the American Pharmaceu- 
tical Association and continued in subsequent editions of the Journal as 
far as the addresses and reports of special interest are concerned. Many 
of the scientific papers and those dealing with practical pharmacy, economics, 
history, education, and legislation which were presented at the various section 
meetings have been or are being published in various issues of either the Scien- 
tific or Practical Pharmacy Editions of the Journal. 

The membership list, which is a part of the supplement to the March, 
1958, Scientific Edition, includes active members in good standing as of De- 
cember 31, 1957, and also those members who were not listed in any previous 
printed list but who may not have continued to be in good standing up to De- 
cember 31, 1957. Such arrangements have been made to assure continuation 
of availability of a published list of all members in one of the Association 
publications since its origin. Members who joined the Association after 
January 1, 1958, have been listed in one of the issues of the Practical Phar- 
macy Edition of the Journal appearing since that date, and their names will, 
of course, be included in the next membership list to be published. 

Members of the Association are earnestly requested to check the accuracy 
of the address given with their names and send us any necessary changes. 


Robert P. Fischelis, Secretary 
American Pharmaceutical Association 



BRIEF HISTORY AND SUMMARY 
OF THE ACTIVITIES OF THE 
AMERICAN PHARMACEUTICAL ASSOCIATION 


The American Pharmaceutical Association 
was formally organized in Philadelphia, October 
6-8, 1852, following a preliminary meeting of 
leaders of the profession in New York City in 
1 851. Perhaps the most important factor leading 
to the formation of the organization was a de- 
sire on the part of the pharmacists and physicians 
of that day to improve the quality of dnigs which 
were being imported. The leaders in the move- 
ment to organize the Association were practicing 
pharmacists, members of faculties of Colleges of 
Pharmacy, and other persons of scientific train 
ing who were anxious to maintain and achieve 
higher standards of professional practice and im- 
provement of the quality of drugs offered to the 
American people. 

The objectives as stated in the Constitution 
were to “unite the educated and reputable phar- 
macists of America in an effort to improve and 
regulate the drug market by preventing the im- 
portation of inferior, adulterated, or deteriorated 
drugs, and by detecting and exposing home adul- 
terations, to encourage proper relations with the 
other health professions; to improve pharmaceu- 
tical science by diffusing scientific knowledge, 
fostering pharmaceutical literature, developing 
talent, stimulating discovery and invention, and 
encouraging domestic production and manufac- 
ture of drugs and medicines; to regulate educa- 
tion and training of pharmacists; to suppress 
empiricism and to restrict the dispensing and dis- 
tribution of medicines to qualified pharmacists; 
to uphold standards of authority in the education, 
theory, and practice of pharmacy with a view to 
the highest good and the greatest protection to 
the public." 

The Association’s membership includes prac- 
ticing pharmacists, wholesale druggists, pharma- 
ceutical manufacturers and their representatives, 
drug importers, teachers, research workers, edi- 
tors and publishers of pharmaceutical literature, 
pharmaceutical chemists, food and drug officials, 
hospital pharmacists, association officials, stu- 
dents, and pharmacists in the government serv- 
ice. 

Annual dues for Active Members are S15, in- 
cluding the Practical Pharmacy Edition of the 
Journal. Associate Membership is open through 
Student Branches to students in accredited 
schools and colleges of pharmacy. Such members 
have all the privileges of active membership 
except those of voting, holding office, or serving on 
standing committees of the Association. They 
enjoy full privileges of voting and holding ofiice 
in Student Branches of which they are members. 


Associate (student) member dues are $3.00 a 
year, including the Practical Pharmacy Edition of 
the Journal or the Scientific Edition of the Jour- 
nal; or .$5.00 a year when both editions of the 
Journal are included. Of these amounts, $1.00 
is remitted to the Student Branch for its support. 

The by-laws also provide that any person ap- 
proved by the Council as meeting the qualifica- 
tions for active membership in the Association 
may be granted life membership if he pays to the 
Treasurer the sum of $250 during the first ten 
years of his connection therewith and also to any 
active member, not in arrears, who after 10 years 
shall pay the sum of $200, or after 15 years the 
sum of .$150, or after 20 years the sum of $120 or 
after 25 years the sum of $75. Any member who 
may have paid annual does for 40 consecutive 
years, may become a life member upon approval 
by the Council. 

Separate subscription to the Journals is $10.00 
a year for the Scientific Edition of the Journal 
and $5.00 a year for the Practical Pharmacy Edi- 
tion of the Journal or $14.00 a year for both edi- 
tions. 

Publications of the Association include the 
National Formulary, which is now in its tenth 
edition; the Pharmaceutical Recipe Book, now 
out of print; the Scientific Edition of the Jour- 
nal OF THE American Pharmaceutical As- 
sociation, now in its forty-seventh volume; the 
Practical Pharmacy Edition of the Journal of the 
American Pharmaceutical Association, now 
in its nineteenth volume; and Drug Standards, 
formerly known as the Bnlletin of the National 
Formulary Committee, now in its twenty-sixth 
volume. The Association also publishes mono- 
graphs on selected subjects at irregular intervals. 

The Association holds annual meetings. The 
Association’s 33 Local Branches and 76 Student 
Branches in various cities hold monthly or semi- 
monthly meetings. 

The Association makes two scientific awards; 
The Ebert Prize, consisting of a medal, awarded 
annually to the author of the best paper published 
in the Scientific Edition of the Journal; and The 
Kilmer Prize, consisting of a gold key, awarded 
annually for the best paper submitted by a Senior 
Student in a College of Pharmacy on a subject re- 
lated to pharmacognosy. 

At the request of the Chilean Iodine Educa- 
tional Bureau Inc., the Association has acted as 
sponsor of an Award for Research in the Phar- 
maceutical Chemistry of Iodine. This is an 
award of $1,000 given in recognition and encour- 
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agement of outstanding research in the chemistry 
and pharmacy of iodine and its compounds as 
applied in pharmacy or medicine. 

The New York Branch of the American 
Pharmaceutical Association also makes an 
annual award known as The Remington Honor 
Medal to the man or woman who has done the 
most for American pharmacy during the preced- 
ing year or whose efforts during a number of 
years have resulted in the most important con- 
tribution to American pharmacy 

The Association is governed between annual 
conventions by the Council consisting of sixteen 
members, and its principal business at annual 
meetings is carried on by the House of Delegates 
which is made up of representatives of State and 
National Pharmaceutical Associations, Sections of 
the Association, the Council and the Past Presi- 
dents. 

The Association participates actively in the 
American Council on Pharmaceutical Education, 
the American Foundation for Pharmaceutical 
Education, American Documentation Institute, 
the U. S. Pharmacopceial Convention, the Ameri- 
can Association for the Advancement of Science, 
the National Health Council, the International 
Pharmaceutical Federation and the Pan-Ameri- 
can Pharmaceutical Federation and other groups. 

Its representatives are often called into consul- 
tation by various Government agencies on mat- 
ters pertaining to pharmaceutical education; 
manpower; and production, standardization, and 
distribution of drugs and medicines. It also 
maintains a close liaison with the armed forces 
and with other professional and scientific associa- 
tions, foundations and conferences. 

The activities of the laboratories of the Asso- 
ciation are directed toward the establishment 
and improvement of standards of purity, quality, 
and strength of drugs and medicines, particularly 
those of the National Formulary. They also in- 
clude researches and routine procedures asso- 
ciated with prescription problems, establishmentof 
tolerances for extemporaneous compounding, dis- 
pensing techniques and the development of dos- 
age forms for drugs. 

Through its Committee on Pharmaceutical Re- 
search the Association makes research grants for 
studies relating to the standardization and devel- 
opment of drugs. 

The Association maintains its own building 
and laboratory, library and museum facilities in 
Washington. The building and grounds, including 
the memorial to all pharmacists who served in the 
wars of our country, occupy the block on Con- 
stitution Avenue between 22nd and 23rd Streets. 
This building also houses the editorial and ad- 
ministrative offices of the Association. 

The members of the American Pharmaceuti- 
cal Association function as individuals in the 
general sessions of the Association at the na- 


tional convention. The general sessions may 
take final action on any item of business acted 
on by the House of Delegates. 

The reports of all Officers and Committees and 
of the Council are referred to the House of Dele- 
gates and the House takes action on recommenda- 
tions offered from these sources and from in- 
dividual members of the House. Usually such 
action is taken through the Committee on Resolu- 
tions, which submits its recommendations to the 
House. The recommendations are then debated 
and finally acted upon. They must be approved 
at the final general session of the Association 
before they become the policy of the Association 
on the subject covered. 

The Council of the Association acts for the 
House of Delegates and for the Association in 
the interim between national conventions Since 
the Secretary of the Association is also the Secre- 
tary of the House of Delegates and of the Coun- 
cil and is designated as the General hlanager of 
the Association, it becomes his duty, as the Ad- 
ministrative Officer, to implement the actions 
taken by the Association with the help of the 
other officers, committees and the staff. 

The varying interests of the members of the 
American Pharmaceutical Association are 
provided for at the convention through meetings 
of the Sections of the Association. There are 
six Sections, namely, the Scientific Section, the 
Section on Practical Pharmacy, the Section on 
Education and Legislation, the Section on Phar 
maceutical Economics, the Section on Historical 
Pharmacy and the Pharmacy Student Section. 
These sections provide opportunities for the pre- 
sentation of papers and discussions on a wide va- 
riety of subjects. 

There are also a number of affiliated and re- 
lated organizations which meet either immediately 
prior to, or subsequent to, the annual meetings of 
the American Pharmaceutical Association. 
Of these, the American Society of Hospital Phar- 
macists and the American College of Apothecaries 
are affiliated organizations, which means that 
membership in these Associations is limited to 
persons holding membership in the A. Pii. A 

The Association also has affiliated with it the 
Women’s Auxiliary of the A. Ph. A., which is an 
organization of wives and other female relatives 
of male members of the parent Association, 
organized to assist in carrying out the A. Pii. A. 
objectives. Although it is principally a social 
organization, the objectives of the Auxiliarj’ in- 
clude development of scholarship funds and other 
activities in the interest of women pharmacy 
students. 

As the -Association enters its lOGth year of 
activity it is geared to the presentation of a well- 
rounded program designed to sponsor and carry 
out activities in the field of health and medical 
care, which will serve the best interests of the 
public and the profession. 


CONSTITUTION AND BY-LAWS 

OF THE 

American Pharmaceutical Association 


CONSTITUTION 

(With all amendments to December 31, 1957) 


Article I. Name and Seal. This Association 
shall be called the "American Pharmaceutical 
Association ” The Association shall have an 
official seal. 

Article 11. Objects. This Association shall ex- 
ist for the following purposes: 

1. To improve and promote the public health 
by aiding in the establishment of satisfactory stand- 
ards for drugs, and to aid in the detection and pre- 
vention of adulteration and misbranding of drugs 
and medicines, and to take such steps as an Asso- 
ciation and in cooperation with other organizations 
as will assure the production and distribution of 
drugs and medicines of the highest quality. 

2 To foster and encourage interprofessional 
relations to the end that pharmacists, physicians, 
and members of other allied professions may con- 
tribute to the promotion of the public health and 
welfare in fullest measure. 

3. To improve the art and science of pharmacy 
for the general welfare of the public by fostering the 
publication of scientific information relating to the 
practice of pharmacy, and by the preparation and 
distribution of publications which will record the 
progress of pharmacy and aid in the development 
and stimulation of discovery and invention and in 
interesting competent personnel in the practice of 
pharmacy as a career. 

4. To provide a system of education and training 
in the art of pharmacy, calculated to produce com- 
petent personnel for all phases of the practice of 
pharmacy and the training of pharmacists as a means 
of providing the greatest protection for the public at 
large. 

5. To support a system of licensure and regis- 
tration of pharmacists which will assure to the public 
the availability of competent personnel to discharge 
the accepted functions of the practice of pharmacy 
and assure the availability of pharmacists and phar- 
maceutical service which will provide at all times 
for the distribution of drugs and medicines under 
the supervision of qualified pharmacists. 

6. To develop, maintain, and enforce a Code of 
Ethics which will assure to the public the highest 
type of pharmaceutical service, safeguard the pro- 
fessional relations between medical practitioners, 
pharmacists, and patients, and develop intrapro- 


fessional relations which will tend to uplift the pro- 
fession scientifically, spiritually and morally. 

7. To cooperate to the fullest extent in conduct- 
ing research examinations, investigations, experi- 
ments, and in the dissemination of information in the 
field of pharmacy with agencies of the United States 
Government, such as the United States Public 
Health Service, The Surgeons General of the Army 
and Air Force, The Bureau of Medicine and Surgery 
of the Navy, The Department of Medicine of the 
Veterans Administration and similar agencies of 
States and Territories of the United States. The 
Association may accept grants in aid and other 
forms of payment for the expenses of conducting 
such research, examinations, investigations and ex- 
periments as it may be requested to make by the 
Congress of the United States, or any agency of the 
United States Government, or the Government of 
any State or Territory of the United States. 

Article HI. Membership. This Association 
shall consist of active, associate, life and honorary 
members, and shall hold its meetings annually. 

Article IV. Headquarters — ^American Institute 
of Pharmacy. Implementation of the aims and 
objects of the American Pharmaceutical Asso- 
ciation shall be accomplished through a head- 
quarters organization established and housed in tlie 
American Institute of Pharmacy. 

Article V. Officers. The officers of the Asso- 
ciation shall be a president, two vice-presidents and 
an honorary president, who shall be elected for a 
term of one year, and a secretary, a treasurer and 
nine councilors, who shall be elected for a term of 
three years. The officers shall be elected as pro- 
vided in the By-Laws and shall hold office until the 
installation of their successors. 

Article VI. Organization. The functions of the 
Association are performed by the members through 
the agency of the General Sessions, the House of 
Delegates, the Couneil, the Sections, and the 
Branches, as prescribed by the By-Laws. 

Article VII. Investment of Moneys and Funds. 
Funds of the Association, available for investment, 
may, with the approval of the Council, be invested 
by the Treasurer, in United States Government, 
State, Municipal, County or other securities accept- 
able as security for postal savings deposits, and in 
such securities only. 
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Article VUI. Amendments. Every proposition 
to alter or amend this Constitution shall be distrib- 
uted to the members at least thirty days prior to 
the annual meeting, either by direct mail or in the 
Journal. Every amendment shall be read at the 
first General Session of the annual meeting, and shall 
be balloted upon at a subsequent General Session 


when, upon receiving the affirmative votes of two- 
thirds of the members present, it shall become a part 
of the Constitution. Any proposition to amend the 
Constitution for the purpose of permitting the ex- 
penditure of the permanent invested funds of the 
Association shall require a majority of seven- 
eighths of the members present for its passage. 


BY-LAWS 

(With aU amendments to December 31, 1957) 
CHAPTER L— MEMBERSHIP 


Article I. Kinds of Membership. In accordance 
with Article III of the Constitution, the Council may 
elect active, associate, life and honorary members of 
the Association. 

Article II. Active Members. Any pharmacist 
of good professional standing is eligible to active 
membership. The Council may at its discretion 
grant membership to reputable nonpharmacists 
who are desirous of advancing the interests of phar- 
macy, and who are informed concerning the aims of 
the Association and willing to accept the obliga- 
tions imposed by membership. The annual fee for 
active membership shall be determined by the 
Council. 

Active members may vote at the annual sessions 
of the Association and participate in the eleetion 
of the general officers. 

Article III. Associate Members. Any student, 
undergraduate or graduate, regularly enrolled in 
any school or college of pharmacy, holding mem- 
bership in the American Association of Colleges of 
Pharmacy or accredited by the American Council on 
Pharmaceutical Education, and having a duly organ- 
ized Student Branch of this Association, may, 
upon application, be elected an associate member. 
The fee for such membership shall be set by the 
Council. Upon graduation, associate members 
shall automatically become active members, but no 
extra fee shall be charged for the remainder of the 
associate membership year. Graduate students, 
who devote at least one-half of their time to gradu- 
ate study, may elect to continue as associate mem- 
bers until completion of graduate studies. Asso- 
ciate members shall not be entitled to vote nor to 
hold office, except in Student Branches. 

Article IV. Life Members. Upon approval by 
the Council any person meeting the qualifications 
for active membership may be granted life member- 
ship under the following alternative conditions: 
(1) If he has been an active member and paid annual 
dues for forty consecutive years. (2) If he pays the 
life membership fee determined by the Council. 
Life members, who are exempt from all annual dues, 
shall continue to enjoy the privileges of active mem- 
bership. 


(In accordance with the foregoing By-Law the 
Council has passed the following rule: Any person 
who meets the qualifications for active membership 
in the Association and who shall pay to the Treas- 
urer the sum of S250, and also any active member 
not in arrears who after ten years shall pay the sum 
of $200, or after fifteen years the sum of S150, or after 
twenty years the sum of $120, or after twenty-five 
years the sum of $75, may become a life member.) 

Upon the death or resignation of a life member, 
the life membership fee paid by such member shall 
be transferred from the life membership fund to the 
general fund of the Association. 

Article V. Honorary Members. Professional 
and scientific workers of note and other persons of 
distinction who are recommended to and approved 
by the Council may be elected to honorary member- 
ship. They shall not be required to pay dues, nor 
shall they be eligible to hold office or to vote. 

Article VI. Election. Membership Year. Each 
application for membership shall bear the endorse- 
ment of two active members of the Association in 
good standing and shall be accompanied by the dues 
for at least one year. A two-thirds vote of the 
Council is required for election to any class of 
membership. 

The period of membership shall be one year from 
the first day of the month immediately following the 
date of election, and may be renewed for like periods 
by the further payment of the annual dues. 

Each member shall pay in advance the annual 
dues of the class to which he belongs. 

Article VII. Suspension. Reinstatement. All 
members whose annual dues are in arrears for a 
period of more than six months after payment is 
due shall be dropped from membership. 

Any member whose membership has been with- 
drawn for nonpayment of dues may be readmitted 
by submitting the usual one 5-ear’s membership fee 
and making application for membership as if he 
were a new member;- or he ma5' be readmitted with- 
out such application on pa}Tnent of all dues in 
arrears. In the latter case his membership shall 
date from the time when he first joined the Asso- 
ciation. 
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Article VIII. Resignations. Resignation of 
membership shall be made in ivTiting to the Secre- 
tary, but no resignation shall be accepted from any- 
one in arrears to the treasury. The Secretary shall 
acknowledge all resignations in writing and shall 
report them to the Council. 

Article IX. Expulsion. Any member may be 
expelled for improper professional conduct or for 
violation of the obligations of the Constitution and 
By-Law's or the Code of Ethics adopted by the Asso- 
ciation. No person shall be expelled unless he 
shall have been given due notice of the charges and 
shall have had an opportunity to be heard by the 
Council, or, upon his request, by a Committee ap- 
pointed by the House of Delegates. All charges 
must be made in writing to the Council by at least 
two active members in good standing. The Council 
shall take such steps as may be necessary and fair 
to the accused to establish the accuracy of the 
charges. No person shall be expelled unless he shall 
have received for expulsion two-thirds of all the 
votes cast at an executive session of the 


House of Delegates. 

Article X. Journals, Subscriptions. The sub- 
scription rates of the Journals of the Association 
shall be fixed by the Council. Members of the Asso- 
ciation shall be entitled to a reduction in the regular 
subscription rates of the Journals and such sub- 
scriptions may be combined with or made a part of 
the annual dues fixed by the Council. 

Publications of the Association which are issued 
on a periodic subscription basis shall be sent to each 
subscriber for the period covered by the subscrip- 
tion. In the case of members of the Association 
whose subscription fees are combined with the 
annual dues, the period during which the publica- 
tions are supplied shall coincide with the member- 
ship year. The names of subscribers or members 
who are in arrears for two months after payment is 
due shall be dropped from the subscription list and 
the Association shall assume no obligation for sup- 
plying missing numbers of Journals for the period 
in which the subscription or membership was in 
arrears. 


CHAPTER II.— ELECTION OF OFFICERS 


Article I. Nomination of President, Vice-Presi- 
dent, Councilors, Chairman, and Vice-Chairman of 
the House of Delegates. Not less than three 
months prior to the month of the Annual Meeting, 
the Secretary of tlic Association shall send to each 
member of the House of Delegates a blank on which 
the member may nominate one candidate for each of 
the offices of President, First Vice-President, Second 
Vice-President, and Councilor, and Chairman and 
Vice-Chairman of the House of Delegates, all of 
whom shall be members of the American Pharma- 
ceutical Association in good standing. The 
nominations shall be returned not less than two 
months prior to the opening of the Annual Meeting. 
The Secretary shall prepare an alphabetical list of 
eligible persons having received two or more nomi- 
nations and submit this list to the Chairman of the 
Nominating Committee of the House of Delegates. 
This list shall be announced by the Secretary at the 
first session of the House of Delegates. At the first 
session additional nominations may be presented for 
an office, provided that such nominations shall be 
attested by two Delegates. From this combined 
list the Nominating Committee shall present to the 
second session for approval by the House of Dele- 
gates three candidates, one of whom shall be, as 
hereinafter provided, elected President to serve for 
one year, three candidates for First Vice-President, 
one of whom shall be elected for one year, three 
candidates for Second Vice-President, one of whom 
shall be elected for one year, and nine candidates for 
Councilor, three of whom shall be elected for three 
years, and one candidate for each of the offices of 
Chairman, and Vice-Chairman of the House of Dele- 
gates who shall be members of the House of Dele- 
gates. No person shall be nominated for the office of 
Councilor who .shall have been elected to this office 


for two consecutive terras unless one convention shall 
have been held between the end of his second term 
and the beginning of the term for which he is nomi- 
nated. The Council is empowered and directed to 
fill all vacancies in the list of candidates, which may 
occur by death or resignation, after the adjournment 
of the Annual Meeting of the Association and prior 
to the issuance of mail ballots, and having due re- 
gard for the conditions of eligibility hereinabove set 
forth. 

Article II. Election of Officers. The names of 
the candidates for Association officers shall be sub- 
mitted by mail to every dues-paid, active member 
of the Association by the Secretary within two 
months after their nomination, together with a re- 
quest that the member indicate on a ballot enclosed 
for that purpose his choice of candidates for the 
offices to be filled and return the same by mail within 
thirty days of the date printed on the ballot. The 
officers of the House of Delegates shall be elected 
as provided in the By-Laws of the House of Dele- 
gates. 

Article HI. Counting of Ballots. The ballots re- 
ceived within thirty days of the date printed on the 
ballots are to be delivered by the Secretary to the 
Board of Canvassers, who shall count the votes of 
active, dues-paid members only, and shall in turn 
certify to the Secretary the result of the election, 
after which the names of the successful candidates 
shall be published in the Journal of the Associa- 
tion. 

Article IV. Installation of Officers and Coun- 
cilors. The officers thus elected by a plurality of 
votes, together with the other officers elected as 
hereinafter provided, shall be installed at the final 
general session of the first annual meeting of the 
Association following their election. 
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Article V. Election of Honorary President. 
The Honorary President of the Association shall 
be elected annually by the House of Delegates 
at its second session on nomination by the 
Council. 


Article VI. Election of the Secretary and the 
Treasurer. The Secretary and the Treasurer of the 
Association shall be elected triennially by the 
House of Delegates at its second session on nomi- 
nation by the Council. 


CHAPTER III.— DUTIES OF THE OFFICERS AND THE COUNCH 


Article I. President. The President shall pre- 
side at all general sessions of the Association and 
shall perform the customary and parliamentarj' 
duties established by usage. He shall prepare an 
address to be presented at the first general session of 
the annual meeting following his installation. He 
shall nominate the members of the standing com- 
mittees unless otherwise provided for, and submit the 
names of the nominees to the Council for ratification 
at the first meeting of the Council held after his in- 
stallation. He shall be an ex-officio member of the 
Council. 

Article H. Vice-Presidents. In the event of the 
decease or incapacity of the President, the First 
Vice-President shall assume the duties of the Presi- 
dent for the unexpired term of office, and in the 
event of the decease or incapacity of both the Presi- 
dent and First Vice-President, the Second Vice- 
President shall assume the duties of the President 
for the unexpired term of office. 

Article HI. Secretary. The Secretary shall 
keep the minutes of the general sessions of the 
Association and of the House of Delegates. He 
shall verify the credentials of the members of the 
House of Delegates. He shall prepare for publica- 
tion the official program. He shall give notice of 
the time and place of annual and special meetings 
of the Association and of the House of Delegates. 
He shall notify members and officers of their election 
and committee members and delegates of their ap- 
pointment. He shall revise the roll of members. 
He shall collect the dues of the members of the Asso- 
ciation and remit the same to the Treasurer of the 
Association. He shall perform such other duties 
as may be directed by the House of Delegates or 
Council. He shall be an ex-officio member of the 
Council. The Secretary shall also serve as General 
Manager of the Association and shall have execu- 
tive supervision over its activities, including direc- 
tion of and responsibility for the headquarters build- 
ing and the activities of the Association carried on 
therein subject to such limitations as are otherwise 
provided in these By-Laws or as may be provided 
for by action of the Council. In the event of the 
resignation, decease or incapacity of the Secretary, 
the vacancy shall be filled by vote of the Council 
until the next annual meeting of the Association. 

Article FV. Treasurer. The Treasurer shall be 
the custodian of all moneys, securities and deeds be- 
longing to the Association, and shall hold the same 
subject to the direction and disposition of the Coun- 
cil. He shall be an ex-officio member of the Council. 
In the event of the resignation, decease or in- 


capacity of the Treasurer, the vacancy shall be filled 
by vote of the Council until the next annual meeting 
of the Association. 

Article V. Bonding of Officers and Employees. 
The Secretary and Treasurer and such other officers 
and employees of the Association, as the Council 
may direct, shall be bonded for the proper care and 
disposition of the funds of the Association which 
may come into their hands, in such amounts and in 
such manner as may be prescribed by the Council. 

Article VI. Membership of the Council and the 
Executive Committee of the Council. The Council 
shall consist of 16 members comprising nine elected 
Councilors, the President, the immediate Past 
President, the Vice-Presidents, the Secretary and the 
Treasurer of the Association, and the Chairman of 
the House of Delegates. The term of each member 
shall cease when his successor has qualified. 

The President, the Chairman of the Council, the 
Chairman of the House of Delegates, the Secretarj' 
and the Treasurer shall constitute the Executive 
Committee of the Council. 

Article VH. Vacancies. Vacancies among elected 
Councilors shall be filled by vote of the Council for 
the remainder of the unexpired term of the person 
replaced. In filling such vacancy the Council shall 
make its selection from the list of nominees at the 
last previous election. 

Article VIH. Meetings — Quorum. The Council 
shall meet immediately after the Annual Meeting 
of the Association and at such other times as it may 
determine, or at the call of the Chairman, or on a 
call signed by a quorum of the Council, or as other- 
wise provided for. Nine members shall constitute a 
quorum. 

Article IX. Duties. The Council shall have super- 
vision of all property, funds, finances and publica- 
tions of the Association. It shall select the Editors 
of the Association publications. It shall fix the 
date and select the hotel headquarters for the 
Annual Meeting, shall name the Local Secretary and 
may select a place for the Annual Meeting when, for 
any reason, the place chosen by the House of Dele- 
gates is found to be unavailable. It shall nominate, 
for election by the House of Delegates, the Honorary 
President, the Secretary and the Treasurer of the 
Association. It shall fix the dues of members and 
the subscription and sale prices and advertising rates 
of the publications of the Association. It shall fix 
the salaries and emoluments of officers and em- 
ployees and shall prepare an annual budget for the 
Association. It shall ratify the standing commit- 
tees nominated bs' the President unless othenvise 
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provided for. It shall act on applications for mem- 
bership in the Association, and shall perform such 
other functions as may be designated in the By-Laws 
or be assigned from time to time by the Association 
and the House of Delegates, The Council shall act 
for the Association and for the House of Delegates 
in the interim between meetings and shall submit 
through its Secretary to the House of Delegates at 
its first session during the annual meeting an annual 
report 


Article X. National Formulary and Supplements. 
The Council shall from time to time provide for 
the publication of such new editions of the National 
Formulary and for the publication of such supple- 
ments thereto as it may deem necessary. The 
Council shall also by resolution specify the dates 
from and after which such new editions of the 
National Formulary or of the Supplements 
thereto shall supersede the revision previously 
official. 


CHAPTER rV.— HOUSE OF DELEGATES 


Article I. Duties of the House of Delegates. 
It shall be the function of the House of Delegates to 
interpret the objectives of the American Pharma- 
ceutical Association as stated in the Constitution 
in terms of contemporary requirements and to serve 
as the legislative and policy forming body of the 
Association. 

(a) It shall be the duty of the House to give con- 
sideration to all appropriate proposals, emanating 
from constituent bodies represented in the House of 
Delegates, 

(i) The officers of the House of Delegates are 
hereby charged with the duty of arranging the pro- 
grams of interim and annual meetings of the House, 
so as to allow for a full discussion and debate of 
contemporary problems, thereby providing the basis 
for a long-range planning and the establishment of 
current and long-range policies. 

(c) The officers of the House of Delegates in 
collaboration with the Council of the American 
Pharmaceutical Association are further charged 
with the duty of properly delegating recommenda- 
tions of the House to the appropriate officers and 
committees so as to assure dissemination of informa- 
tion on the policies adopted and their implementa- 
tion by whatever means may be feasible and desir- 
able 

Article II. Membership. The House of Delegates 
shall be composed of accredited representatives of 
the following organizations representing the mem- 
bers of the Association, apportioned as stated be- 
low, and of certain ex-officio members as enumerated 
below. All members of the House of Delegates shall 
be duly qualified members of the American Phar- 
maceutical Association for not less than three 
consecutive years at the time of their appointment 
and shall maintain their membership during their 
term of service as Delegates. 

(o) One delegate from each of the sections of the 
Association. 

(b) One delegate from each local branch of the 
Association which is currently in good standing, 
provided that if the local branch has more than 
three hundred members, one delegate shall be elected 
for each two hundred members or major fraction 
thereof. 

(c) One from each State Pharmaceutical Asso- 


ciation and each territorial Pharmaceutical Asso- 
ciation which has been officially recognized by the 
American Pharmaceutical Association for at 
least one year and one additional representative 
for each additional two hundred or major fraction of 
two hundred dues-paid members of the American 
Pharmaceutical Association where such member- 
ship of the State Association or territorial associa- 
tion exceeds two hundred. 

{d) The members of the Council, the President- 
elect, and the Past Presidents simll be delegates ex- 
officio. The retiring chairman of the House of Dele- 
gates shall become a delegate ex-officio for a period 
of five years following the expiration of his term of 
office. Past chairmen of the House of Delegates who 
served as chairmen of the House of Delegates at the 
1950, 1951, 1952, 1953 and 1954 conventions shall 
be ex-officio members of the House of Delegates 
until a five-year period following the convention at 
which they served as chairmen of the House of 
Delegates has expired. 

(e) One delegate from each of the following named 
organizations: National Conference of State Phar- 
maceutical Association Secretaries, the Plant Science 
Seminar, American College of Apothecaries, Ameri- 
can Society of Hospital Pharmacists, National Asso- 
ciation of Retail Druggists, National Association of 
Boards of Pharmacy, American Association of Col- 
leges of Pharmacy, National Wholesale Druggists’ 
Association, Federal Wholesale Druggists’ Associa- 
tion, American Drug Manufacturers’ Association, 
American Pharmaceutical Manufacturers’ Associa- 
tion, the Proprietary Association of America, 
National Association of Chain Drug Stores, Ameri- 
can Institute of the History of Pharmacy and such 
other organizations as may be officially recognized by 
the American Pharmaceutical Association as 
entitled to representation. 

(/) In the absence, for good and sufficient reason, 
of a fully qualified delegate from any organization en- 
titled to membership in the House of Delegates and 
on recommendation of the Committee on Credentials 
and the unanimous consent of the House of Dele- 
gates, a duly authorized representative of any or- 
ganization entitled to membership in the House of 
Delegates who may not meet, in full, the qualifica- 
tions for membership in the House of Delegates may 
be seated as an alternate delegate. 
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Article III. Term of Service. 

(а) In the initial formation of the House of Dele- 
gates under these By-Laws, one-third of the dele- 
gates shall be elected or appointed for terms of one 
year, one-third for terms of two years and one-third 
for terms of three years; the designation of the 
terms for which election or appointment shall be 
made, shall be determined by -lot under the direction 
of the presiding officer prior to adjournment of the 
Annual Meeting at which this By-Law is adopted. 
The House shall adopt such additional rules as may 
be necessary in providing for the expiration 
of the terms of one-third of the membership each 
year. Thereafter the term of each elected or ap- 
pointed delegate shall be for three years. These 
provisions shall not apply to delegates ex-officio. 

(б) The Secretary of each constituent or affiliated 
organization entitled to elect or appoint one or more 
delegates shall certify to the Secretary of the 
American Pharmaceutical Association not later 
than January 1 of each year, the name, address and 
term of each elected or appointed delegate from said 
organization for the ensuing year and shall name the 
individual or individuals to be disqualified as a result 
of any officially determined change in the number 
of delegates to which said organization is entitled 
under the By-Laws. 

(c) The term of office of the delegates ex-officio, 
shall be for the term of their service in their respec- 
tive offices. 

Article IV. Alternate Delegates. 

(a) No alternate delegate shall be qualified for the 
delegates ex-officio. 

(jb) The secretary of each constituent or affiliated 
organization entitled to elect or appoint one or more 
alternate delegates shall certify to the Secretary, not 
later than 30 days before the date of the annual 
meeting each year, the name, address and term of 
each elected or appointed alternate delegate from 
said organization for the ensuing year. 

(c) An alternate delegate may gain admission 
to the sessions of the House of Delegates upon the 
presentation of duly certified credentials from the 
organization from which he was elected or appointed. 
He may not vote on any matter coming before the 
House of Delegates except on due notice by the Sec- 
retary that the accredited delegate he represents is 
absent for good and sufficient reasons. 

Article V. Meetings — Quorum. 

(a) The House of Delegates shall meet not later 
than the second day of the annual meeting of the 
Association and thereafter as necessary to transact 
the business of the House of Delegates or upon the 


call of the Chairman, or upon the written request 
of one-third of the qualified delegates representing a 
majority of the affiliated State Associations, provided 
that the House of Delegates shall conclude its busi- 
ness prior to the final general session of the Associa- 
tion; provided further that the House of Delegates 
shall hold a meeting of not less than two days during 
the interim between the conventions of the Associa- 
tion, and the Chairman and Secretary shall be vested 
with authority to arrange for the time and place of 
such interim meetings. Insofar as practical, the 
interim meetings shall be held either in October or 
November following the annual convention of the 
Association. 

(6) Special meetings of the House of Delegates 
may be called in the interim between annual meet- 
ings of the Association at the call of the Chairman 
with the consent of the Council or by a resolution 
passed by a majority of the Council, in either case 
with the written assent of one-third of the voting 
delegates, or upon written request of one-third of the 
voting delegates. 

(c) A quorum for the transaction of business shall 
be declared if one-third of the total number of quali- 
fied delegates con tituting the House of Delegates 
shall be present at any regular or special meeting of 
the House of Delegates. 

(d) The House of Delegates shall adopt By-Laws 
for the conduct of its business which shall not be in- 
consistent with the Constitution and By-Laws of the 
Association. 

Article VI. Officers. The officers shall consist of a 
Chairman and a Vice-Chairman. The Secretary of 
the Association shall act as Secretary of the House 
of Delegates. These officers shall serve for one year 
or until their successors are installed. The Chair- 
man shall present an address, at the first session of 
the annual meeting of the House, upon any subject 
which he deems of pharmaceutical importance. 

Article VII. Selection of Time and Place of 
Annual Meeting and General Business. The House 
of Delegates shall select the time and place of the 
annual meeting and shall transact all general busi- 
ness of the Association not otherwise provided for 
in the Constitution and By-Laws. 

Article VIH. Fraternal Delegates. Fraternal 
delegates may be received from any of the depart- 
ments of the United States Government, from the 
student branches of the American Pharjiaceutical 
Association, and such other organizations as the 
House of Delegates may determine. Such fraternal 
delegates may be granted the privilege of the floor 
but shall not be entitled to vote. 
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CHAPTER V.— SECTIONS 


Article I. Sections and Additions. To expedite 
and render more efficient the work of the Associa- 
tion, the following sections are provided: 

1. Scientific Section. 

2. Section on Education and Legislation. 

3. Section on Practical Pharmacy. 

4. Section on Pharmaceutical Economics. 

5. Section on Historical Pharmacy. 

Additions to or deletions from the list of sections 

may be made by the House of Delegates upon the 
recommendation of the Council. 

Article H. Membership. Attendance upon the 
meetings of the sections and the presentation of 
competent papers therein shall be open to any mem- 
ber of the American Pharmaceutical Association. 
Each section, with the approval of the Council of 
the American Pharmaceutical Association, shall 
establish the qualifications for membership in such 
section and no person shall be eligible to vote or hold 
office in such section who does not satisfy the require- 
ments for membership. 

Article III. Meetings — Quorum. The sections 
shall meet at such time and place, during the annual 
meeting of the Association, as may be provided for 
in the annual program. Fifteen members shall con- 
stitute a quorum at any meeting of a section. 

Article TV. Delegate to the House of Delegates. 
Each section shall elect by ballot a voting delegate 
to the House of Delegates who shall hold office for 
the period of time for which he is elected or until a 
successor is elected 

Article V. Officers. Each section shall, with the 
approval of the Council of the American Pharma- 
ceutical Association, adopt such By-Laws, rules 
and regulations, and name such officers and com- 


mittees as may be necessary for the proper conduct 
of its work. 

Article VI. Duties — Records. Each section 
through its officers shali solicit papers and propose 
suitable subjects for discussion at its annual meet- 
ings, arrange the business of the section in advance 
and perform such duties as may be referred to it. 
It shall make an annual report to the House of Dele- 
gates. The minutes of each meeting, together with 
all documents and papers which belong to each 
section, must be placed immediately after the meet- 
ing in the hands of the Secretary of the Association 
for publication and safe-keeping. 

Article VII. Papers — Submission and Disposal. 
Any person desiring to submit a paper to the Asso- 
ciation shall present to the secretary of the section 
to which it refers, at least 10 days prior to the annual 
meeting, an abstract of said paper indicating its con- 
tents and consisting of not less than 50 nor more than 
200 words. The paper itself shall be submitted to 
the officers of the section for approval prior to its 
first meeting. Not more than 15 minutes shall be 
allowed for the presentation of any paper unless by 
the unanimous consent of the section. All papers 
presented to the sections shall become the property 
of the Association with the understanding that they 
are not to be published in any other publication prior 
to their publication in those of the American 
Pharmaceutical Association, except with the con- 
sent of the editor of the appropriate Journal and 
the Chairman of the Committee on Publications of 
the Council. Papers and addresses submitted by 
special invitations of the officers of the sections shall 
not be subject to the requirements of this Article. 
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CHAPTER VI.— LOCAL BRANCHES AND STUDENT BRANCHES 


Article I. Local . Branches of the American 
Pharmaceutical Association. 

(o) A local branch of the American Pharhaceu- 
tical Association may be established by the Council 
upon the petition of not less than 15 members of the 
Association, in good standing residing within the 
area defined in their petition. 

(6) A local branch shall be chartered on the basis 
of whole counties at least some part of which does not 
lie within a radius of 45 miles from the headquarters 
of the local branch. However, when counties exceed 
10,000 square miles in area, or where the topo- 
graphical nature of the county makes it seem de- 
sirable, the Council may, at its discretion, permit the 
county to be divided among two or more local 
branches. Both headquarters of the local branch 
and territory are subject to the approval of the 
Coundl. Changes in headquarters or territory of a 
local branch already chartered shall be made only by 
vote of the Council. 

(c) Any local branch chartered in accordance with 
the provisions of this By-Law which fails to maintain 
a paid membership in the Association of 15 or more 
members, as provided in the By-Laws, shall auto- 
matically forfeit its charter. 

(d) A local branch may be dissolved by the Coun- 
cil for good and sufficient reasons. 

(e) All members of the American Pharmaceu- 
tical Association in good standing, residing in that 
portion of the United States chartered by the 
Council as the territory of a local branch shall be 
considered members of that local branch and shall 
be so enrolled and shall be entitled to all privileges 
such local branch may grant under the Constitution 
and By-Laws of the Association, provided, how- 
ever that members not residing within the territory 
of a local branch may be enrolled therein as pre- 
scribed in the By-Laws. 

(/) Each local branch shall make By-Laws for its 
own government which shall be subject to the ap- 
proval of the Council and not inconsistent with the 
Constitution and By-Laws of the Association. 
Such By-Laws shall be submitted to the Council, 
through the Executive Secretary of the Association 
for approval. 

(g) A local branch shall elect its oivn ofiicers and 
delegates to the House of Delegates. All selections 
for office and changes in office shall be officially 
transmitted promptly by the Secretary of the local 
branch to the Executive Secretary of the Associa- 
tion. 

(A) No local branch or committee thereof or local 
branch officer, acting in an official capacity, shall 
issue any resolution or statement or take official 
action in the name of the American Pharmaceu- 


tical Association without approval of the Council 
of the Association. 

(i) A local branch shall receive a refund of a 
portion of the annual dues paid by its members to 
the Association as provided by the Council. 

(j) A local branch may assess dues and raise or 
collect funds to be expended for local purposes in 
harmony with the provisions of the Charter of the 
Association and may have the entire management 
and control of these funds. 

(k) A local branch may receive donations or be- 
quests made to said local branch and may expend 
or invest the same in the interest of said local branch 
at the discretion of its governing body. 

(/) Each local branch shall submit to the Council 
an annual report of its operations including an item- 
ized statement of receipts and expenditures and in- 
vestments of its funds. 

Article H. The Student Branches of the American 
Pharmaceutical Association. 

(a) A Student Branch of the American Pharma- 
ceutical Association may be established by the 
Council upon the petition of not less than 15 stu- 
dents in good standing, matriculated in a College, 
School, Department or Division of Pharmacy hold- 
ing membership in the American Association of 
Colleges of Pharmacy and/or accredited by the 
American Council on Pharmaceutical Education 
The petition of such students shall be recommended 
in writing by not less than five members of the Asso- 
ciation, three of which shall be members of the 
Faculty of the College, School, Department or 
Division of Pharmacy in which the students are en- 
rolled. 

(i) Members of a Student Branch shall pay an 
annual membership fee to the Association in an 
amount fixed by the Council, a portion of said an- 
nual membership fee shall be credited to a subscrip- 
tion to the Journal op the American Pharma- 
ceutical Association, Practical Pharmacy Edi- 
tion, and a second portion, to be determined by the 
Council, shall be returned to the Student Branch to 
be expended by the said Student Branch in the 
furtherance of the aims and objectives of the 
Association. 

(c) Members of a Student Branch shall be known 
as Junior Members of the American Pharmaceuti- 
cal Association until they have completed the re- 
quirements for the degree in Pharmacy. 

(d) Any Student Branch which fails to maintain 
a dues-paid membership of not less than 15 regularly 
matriculated students shall automatically forfeit its 
charter. 

(e) Any Student Branch may be dissolved by the 
Council for good and suffident reasons. 
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CHAPTER Vn— AFFILIATED ORGANIZATIONS 


Organizations entitled to representation in the 
House of Delegates, which carry on activities de- 
signed to encourage and promote public health 
services and the advancement of pharmacy in this 
field, may be designated as affiliated organizations 
and their individual members may be designated as 
affiliates. 

To be designated as an affiliated organization, the 
Executive Committee or other governing body of 
the organization shall apply to the Council of the 
American Pharmaceutical Association for such 
designation. If the Council approves such designa- 
tion, it shall fix the terms of affiliation by means of a 


written agreement mutually satisfactory and signed 
by the officers of the respective organizations. Such 
agreement shall include, among other provisions, 
reference to the extent of the services to be supplied 
by the staff of the American Pharmaceutical 
Association and its publications; the annual dues or 
other financial contribution of the affiliated organiza- 
tion, if any; the limitations of joint public state- 
ments; and the use of the name of the American 
Pharmaceutical Association in any joint or in- 
dividual pronouncements. Affiliation may be ter- 
minated by the Council on due notice for cause or 
upon mutual consent of the parties to the agreement. 


CHAPTER VIII.— FINANCES 


Article I. Source of Funds. The necessary funds 
for carrying on the activities of the Association may 
be derived from membership dues, from the publica- 
tions of the Association, from sustaining funds, 
maintenance funds, grants, bequests, contributions, 
investments and from any other sources approved by 
the Council. The Council shall appropriate the 
funds necessary to defray the expenses of the Asso- 
ciation. 

Article II. Deposit of Moneys. The Treasurer 
shall deposit all moneys received by him with a 
reliable banking company, or companies, recom- 
mended by the Committee on Property and Funds 
and approved by the Council, where said moneys 
may be drawing interest for the benefit of the Asso- 
ciation, unless otherwise provided for. Said moneys 
shall be deposited in the name of the American 
Pharmaceutical Association. 

Article III. Payment of Moneys or Funds. Mon- 
eys or funds shall be paid out by numbered voucher 
checks signed by the Secretary and Treasurer. 

Article TV. Payment of Bills. Unless otherwise 
provided for, the correctness of every bill shall be 
certified by the person contracting the same and by 
the Secretary, and the latter shall note on the bill 
the appropriation against which the bill is to be 
charged. A voucher check showing the appropria- 
tion against which the payment is charged shall 
then be drawn and signed by the Secretary. Upon 
receipt of the check, together with the original bill, 
the Treasurer shall complete the check, affix his sig- 
nature and return the check with the bill to the Sec- 
retary who shall forward the check and file the bill. 
In the event of the incapacity of either the Secretary 
or the Treasurer, the signature of the Chairman of 
the Council shall be accepted in lieu of that of the 
officer incapacitated. 

Article V. Investment of Money or Funds Un- 
less otherwise provided for, the money or the funds 


of the Association may be invested in bonds, deeds 
and other securities upon recommendation of the 
Committee on Property and Funds and the approval 
of the Council. 

Article VI. Designation of Banks and Safe De- 
posit Vaults for Funds, Securities and Deeds. The 
Committee on Property and Funds shall annually 
recommend to the Council for approval the banks 
and safe deposit vaults in which the funds, securi- 
ties and deeds of the Association shall be kept for 
the ensuing year. 

Article VH. Custodian of Funds, Securities, and 
Deeds, The bank books, securities and deeds shall 
be in the name of the American Pharmaceutical 
Association with the Treasurer as custodian, 
and the accounts of the same shall be kept by 
him. 

Article VIH. Auditing of Accounts. The Com- 
mittee on Finance shall on or about December 1 of 
each year recommend to the Council for its approval 
a certified public accountant, or accountants, who 
shall audit all accounts of the Association before 
March 1 of the next fiscal year, and who shall report 
the results of the audit promptly to the Council 
through its Secretary. 

Article IX. Annual Reports of the Secretary and 
Treasurer. The Secretary and Treasurer shall 
balance the accounts of the Association and prepare 
their financial reports as promptly as possible after 
the close of the fiscal year. Their reports, with the 
books, accounts, vouchers and other pertinent data, 
shall he promptly made available to the accountant 
or accountants for audit. 

Article X. Expense of Bonds of Secretary and 
Treasurer. The expense of the bonds required to be 
given by these officers or any other officers or em- 
ployees of the Association shall be paid by the Asso- 
ciation. 

Article XI. Merging of Balances. All balances 
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CHAPTER Vni.— FINANCES {Continued) 


remaining from appropriations at the dose of each 
fiscal year shall be turned back into the treasury 
unless otherwise ordered by the Council. 

Article XII. Fiscal Year. The fiscal year of the 
Ajierican Pharmaceutical Association shall coin- 
cide with the calendar year. 


Article XHI. Expenditure of Funds. Any action 
taken by the Association, or by the House of Dde- 
gates, or by any of the Sections, which involves an 
expenditure of funds of the Association, shall be 
submitted to the Council for consideration and final 
disposition 


CHAPTER IX.— STANDING AND SPECIAL COMMITTEES 


Article I. Standing Committees. Unless other- 
wise provided for, there shall be nominated by the 
President and ratified by the Council the following 
Standing Committees: 

1. Committee on Local Branches. 

2. Board of Canvassers. 

3. Committee on Membership. 

4. Committee on Legislation. 

5. Committee on United States Pharmacopeia. 

6. Committee on National Formulary. 

7. Committee on Pharmaceutical Research. 

8. Committee on Ebert Prize. 

9. Committee on Kilmer Prize. 

10. Committee on Public Relations. 

11. Committee on the Status of Pharmacists in 

Government Service. 

12. Committee on Policy and Planning. 

13. Committee on Student Branches. 

14. Committee on Social and Economic Rela- 

tions. 

15. Committee on Professional Relations. 

16. Committee on Constitution and By-Laws 

17. Committee on National Defense and Secu- 

rity. 

18. Committee on International Relations. 

Article H. Board of Canvassers. The Board of 
Canvassers shall be composed of three members ap- 
pointed by the President. It shall carry out the 
duties provided for under the election of officers. 

Article HI. Committee on Memhership. The 
Committee on Membership shall be composed of a 
General Chairman, District Chairmen and State 
Chairmen, the latter each with one or more asso- 
ciates. It shall be the duty of this committee to in- 
vite the membership of pharmaci.sts and others in- 
terested in pharmacy and to cooperate with the state 
associations in the effort to bring their membership 
into the American Pharmaceutical Association. 

Article IV. Committee on U. S. P. The Com- 
mittee on the United States Pharmacopeia shall be 
nominated by the President of the Association as 
follows: Two members to be appointed for five 
years, and two for four, three, two, and one years, 
respectively, each vacancy occurring by expiration of 
term to be filled by a new appointment for five years. 
The Committee sliall elect its own chairman an- 
nually. It shall collect statistics regarding the fre- 
quency with which official and nonofficial remedies 
are used in legitimate practice, and shall endeavor 
to ascertain the general wishes and requirements of 


the profession throughout the country in regard to 
any de.sired changes or improvements in the Pharma- 
copeia. It shall also note errors of any kind found in 
theU. S. Pharmacopeia so as to facilitate and aid the 
work of the National Committee of Revision of the 
U.S.P. 

Article V. Committee on National Formulary 
The Committee on National Fonnularj’ shall con- 
sist of a chairman elected by the Council for a tern, 
of five years and ten members elected by the Council 
two to serve for a term of one, two, three, four and 
five years, respectively, and the Director of the 
A. Ph. a. laboratory who shall be a member of the 
Committee, ex-officio; each vacancy occurring from 
expiration of term shall be filled by election for the 
unexpired term. The Committee shall elect a Vice- 
Chairman and a Secretary from its own membership. 
This Committee shall serve as an executive com- 
mittee of revision of the National Formulary. The 
chairman of the Committee on National Formulary, 
with the advice and consent of the members of the 
executive committee shall nominate to the Council 
additional participating members to the number of 
not more than 60, to constitute an advisory panel 
on National Formulary. Sub-committees may be 
organized for general or specific projects as required 
by the executive committee. The Committee on 
National Formulary shall report annually, or as 
often as required, to the Council. 

Article VI. Committee on Pharmaceutical Re- 
search. The Committee on Pharmaceutical Re- 
search shall be elected by the Council, two members 
to serve for a term of five years, two for a term of 
four years, two for a term of three years, two for a 
term of two years, two for a term of one 3 ’ear and 
after the expiration of the one-year term two mem 
bers shall be elected annually for a term of five vears. 
The Chairman of the U. S. P. Revision Committee, 
the Chairman of the Committee on N. F., the Chair- 
man of the Scientific Section of the A. Ph. A., the 
Secretary of the A. Ph. A. and the Treasurer of the 
A. Ph. A. shall be associate members of the Com- 
mittee. The Committee on Pharmaceutical Re- 
search shall endeavor to promote research along 
pharmaceutical lines and shall advise the Council as 
to the use of the research funds of the Associa- 
tion. 

Article VH. Committee on Ebert Prize. The 
Committee on Ebert Prize, which shall be appointed 
by the Chairman of the Scientific Section, with the 
approval of the Council, shall, at the next annual 
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meeting after the one at which papers are presented, 
determine which, if any of them, has met the re- 
quirements of the founder of the prize. In all re- 
spects it shall be governed by the stipulations ex- 
pressed by the donor. 

Article VIII. Committee on Kilmer Prize. The 
Committee on Kilmer Prize shall be appointed by 
the Chairman of the Scientific Section, with the 
approval of the Council, and shall award the Kilmer 
Prize in accordance with the rules and regulations 
which may from time to time be adopted by the 
Scientific Section and approved by the Council. In 
all respects it shall be governed by the stipulations 
expressed by the donor. 

Article IX. Committee on Policy and Planning. 
The Committee on Policy and Planning shall be 
appointed by the President of the Association. It 
shall be the duty of this Committee to formulate a 
long-time program of policy by which the Associa- 


tion may work steadily from year to year in an or- 
derly fashion toward the attainment of the objectives 
as set forth in Article II of the Constitution. The 
Committee shall also discharge such other duties as 
may be assigned to it by the Council. 

Article X. Duties of Standing Committees. The 
duties of the Standing Committees, unless otherwise 
provided for, shall be those assigned to them by the 
Council. 

Article XI. Special Committees. Special Com- 
mittees of the Association shall be appointed by the 
President of the Association, and unless otherwise 
provided shall consist of four members and a Chair- 
man. Special Committees of the House of Delegates 
shall be appointed by the Chairman of the House of 
Delegates. Special Committees shall serve for a 
period of one year unless otherwise specified in the 
terms of their appointments. 


CHAPTER X.— GENERAL MEETINGS 


Article I. Time — Sessions. The meetings shall 
be held annually. In case a national emergency 
prevents holding a meeting as scheduled, it shall be 
the duty of the President with the advice and consent 
of the Council to call the next annual meeting as 
soon as practicable after the emergency. At least 
three general sessions of the annual meeting shall be 
provided for, the First General Session to be held on 
the first day of the annual meeting. 

Article H. Order of Business. At the First Gen- 
eral Session of the annual meeting, the President’s 
address shall be received and referred to the House of 


Delegates At the Second General Session the ad- 
dress of the President-Elect shall be received. At 
the Final General Session the report of the House of 
Delegates shall be received and the officers for the 
ensuing year shall be installed. At any general 
session such other general business as may be pre- 
sented may be transacted. 

Article III. Authority of the General Sessions. 
Proceedings and official actions of the House of Dele- 
gates are subject to review and approval of the 
General Sessions. 


CHAPTER XI.— RULES OF ORDER AND DEBATE 


Article I. Rules and Appeals. The ordinary rules 
of parliamentary bodies shall be enforced by the pre- 
siding officer, from whose decision, however, appeals 
may be taken, if required by two members, and the 
meeting shall thereupon decide without debate. 

Article II. Motions. When a question is regularly 
before the assembly and under discussion, no motion 
shall be received but to adjourn, to lay on the table, 
for the previous question, to postpone to a certain 
day, to commit or amend, to postpone indefinitely; 
which several motions have precedence in the order 
named. A motion to adjourn shall be decided with- 
out debate. 

Article III. Debate. No member may speak 


twice on the same subject, except by permission, 
until every membei wishing to speak has spoken. 

Article TV. Voting. On the call of any two mem- 
bers, the ayes and nays shall be ordered, when every 
member shall vote, unless excused by a majority of 
those present, and the names and manner of voting 
shall be entered on the minutes. 

Article V. Points of Order. On all points of 
order not covered in these By-Laws, the Associa- 
tion shall ^be governed by the latest edition of 
Robert's Rules of Order. 

Article VI. Quorum. Twenty-five active mem- 
bers shall constitute a quorum for the transaction of 
business. 


CHAPTER Xn.— MISCELLANEOUS 


Article I. Quorum of Committees. A majority of 
the members of any of the standing or special com- 
mittees shall constitute a quorum for the transaction 
of business. 

Article II. Council and Committees — Voting by 
Mail. In all questions arising before the Council or 
before any of the Standing or Special Committees, 
and which can be disposed of by positive or negative 


vote, the Chairman of the Council or the Chairman 
of any of these Committees may take the vote of their 
respective bodies in writing, and the same shall have 
the same force and effect as if members had been 
personally present, a majority of the votes cast being 
considered sufficient to decide a question. The 
ayes and nays of such votes taken by the Council 
shall be entered upon the minutes of said Council. 
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CHAPTER XU— MISCELLANEOUS {Continued) 


Article UI. Conflict or Inconsistency. If any By- 
Law of the Council or House of Delegates or any of 
the Sections is found to be in conflict or inconsistent 
with these By-Laws, the provisions of these By-Laws 


shall be given precedence until such time as the 
conflict or inconsistency may be corrected by proper 
amendment of the respective By-Laws. 


CHAPTER XHI.— AMENDMENTS 


Article I. Amendments. Every proposition to 
alter or amend these By-Laws shall be submitted in 
writing at a general session, referred to the Com- 
mittee on Constitution and By-Laws for report, and 


may be balloted upon at any subsequent general 
session, when, upon receiving the votes of three- 
fourths of the members present and voting, it shall 
become a part of the By-Laws. 


BY-LAWS OF THE COUNCIL 

(With all amendments to December 31, 1957) 
CHAPTER I.— ELECTION AND DUTIES OF OFFICERS 


Article I. Officers — Organization. The officers of 
the Council shall consist of a Chairman, a Vice- 
Chairman and a Secretary. The Secretary of the 
Association shall be the Secretary of the Council. 
No member of the Council shall hold the office of 
Chairman for more than two successive terms. 

The Chairman and Vice-Chairman shall be elected 
and assume the duties of their respective offices at 
the organization meeting of the Council, which shall 
be held within twenty-four hours of the adjournment 
of the final general session of the annual con- 
vention of the American Pharmaceutical Asso- 
ciation. 

Article II. Duties of the Chairman. The Chair- 
man shall preside at all meetings of the Council, and 
at his request, or in his absence, or on account of any 
inability to preside, the Vice-Chairman shall assume 
the duties of the Chairman, or, in the absence of both, 
a Chairman pro-tempore chosen by the Council shall 
perform the duties of Chairman. 


Article IH. Duties of the Secretary. The Secre- 
tary shall keep fair and correct minutes of the pro- 
ceedings of the Council and shall carefully preserve 
all reports and communications received by the 
Council. 

The Secretary shall call to order the organization 
meeting of the Council and preside during the elec- 
tion of its chairman. He shall likewise call for the 
election of a Chairman pro-tempore on the occasion 
of the absence or disability of the Chairman and 
Vice-Chairman. 

The Secretary shall conduct the official corre- 
spondence of the Council and arrange for the trans- 
action of the business of the Council by correspond- 
ence in the interim between meetings. He shall 
announce all votes promptly and keep the members 
of the Council informed of all business at regular in- 
tervals 


CHAPTER H,— COMMITTEES 


Article I. Standing Committees. The Standing 
Committees of the Council shall consist of an 
Executive Committee, a Committee on Finance, a 
Committee on Property and Fund.s, a Committee on 
Publications, and an Advisory Committee on A. Ph. 
A. Laboratory. The Committees on Finance, Prop- 
erty and Funds, Publications, and the Executive 
Committee shall be appointed entirely from the per- 
sonnel of the Council. 

Article II. Executive Committee. The Executive 
Committee shall consist of the President of the As- 
sociation, the Chairman of the Council, the Chair- 
man of the House of Delegates, the Secretary and 
the Treasurer of the Association. This Committee 
shall act for the Council in emergencies and shall dis- 
charge such other duties as may be assigned to it. 
All actions by the Executive Committee shall be 
reported to the Council. 

Article III. Committee on Finance. The Com- 
mittee on Finance shall consist of three members of 
the Council appointed by the Chairman with the 


consent of the Council, and shall each year, prior to 
January 1, present to the Council for its considera- 
tion a tentative budget for the ensuing fiscal 3 'car. 
No payment shall be made in excess of any of the 
said appropriations of the budget finally approved 
by the Council for the fiscal year except by a special 
vote of the Council, provided, however, that the 
Treasurer is authorized to transfer from one appro- 
priation account to another such amount as may be 
needed at any time, the amount of any such transfer 
not to exceed the sum of fifty (S50.00) dollars. 

All motions and resolutions involving the expendi- 
ture of any sum in excess of twenty-five (S25.00) 
dollars shall have the approval of the Finance Com- 
mittee before being voted upon by the Council. 

All appropriations made for any fiscal year shall 
lapse at the end of the said fiscal year; provided, 
however, that accounts properly chargeable against 
any of said appropriations prior to their expiration, 
but not received by the Secretary of the Association 
until after the end of the fiscal year, may be paid 
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from such appropriation in case the warrant for 
such payment can be drawn not later than thirty 
(30) days after the close of said fiscal year. 

Article IV. Committee on Property and Funds. 
The Committee on Property and Funds shall con- 
sist of the President, the Treasurer, the Chairman of 
the Council, the Chairman of the Committee on 
Finance and the Secretary of the Association. 

It shall have charge of the administration of all of 
the property and established funds of the Associa- 
tion and shall carry out such duties as assigned to it 
in tiie By-Laws of the Association. 

The Committee shall consider applications for 
grants from the income derived from the established 
funds and shall promptly report to the Council such 
recommendations as may be deemed proper. If and 
when the Council approves of any recommendation 
of the Committee, orders shall be drawn upon the 
Treasury in favor of those to whom grants have 
been made. 

Article V. Committee on Publications. The Com- 
mittee on Publications shall consist of the Secretary, 
the Treasurer and three other members to be ap- 
pointed by the Chairman with the consent of the 
Council. 

The Committee on Publications shall act in an 
advisory capacity in the editing, publication and 
distribution of the Journals of the Association, the 
National Formulary and such other publications as 
may be issued under the rules and regulations to be 
approved by the Council The Editors of the 
Journals shall be elected by the Council. 


Article VI. Advisory Committee on A. Ph. A. 
Laboratory. The Committee on A. Ph. A. Labora- 
tory shall consist of five members of the Association 
elected by the Council. Each member of the Com- 
mittee shall serve for a term of five (5) years, one 
member being elected each year. The Chainnan of 
the National Formulary Committee, the Director 
of the A. Ph. A. Laboratory and the Director of Re- 
vision of the United States Pharmacopeia, and the 
Secretary of the Association shall be members ex- 
officio of the Committee. The Committee shall 
choose its own Chairman and Secretary. 

The duties of this Committee shall be to give ad- 
vice on the scope, policy and functions of the lab- 
oratory and the selection of personnel as requested 
by the Council. 

Article VII. Committee on National Formulary, 
The Committee on National Formulary shall consist 
of a Chairman and ten (10) members to be elected 
by the Council. The Chairman of the Committee 
shall be elected for a period of five years. Two mem- 
bers shall be elected each year to fill the vacancies 
occurring that year and shall serve for a period of five 
years from the time of their election. The Commit- 
tee shall annually elect a Vice-Chairman and a Secre- 
tary from among its own membership. The Chair- 
man may be designated as the Director of Revision 
of the National Formulary. 

Article VIII. Special Committees. Special Com- 
mittees of the Council may be appointed, as needed. 
Special Committees shall serve only until the end of 
the annual meeting unless specific provision is made 
for their continuance. 


CHAPTER III.— MEETINGS 


Article 1. Time and Quorum. In addition to the 
organization meeting, the Council shall meet prior 
to the assembling of the Association and at such 
other times as it may determine, or at the call of the 


Chairman, or upon the application, in writing, of 
five elected members of the Council. 

Nine members of the Council shall constitute a 
quorum. 


CHAPTER IV.— ORDER OF BUSINESS 


Article 1. The order of business at regular meet- 
ings of the Council shall be as follows unless other- 
wise determined : 

1. Call to order and roll call. 

2. Election of officers (at organization meeting 

only). 

3. Reading and approval of minutes. 

4. Reading of Communications. 

5. Reports of the Officers. 


6. Reports of the Committees. 

7. Unfinished and deferred business, such busi- 

ness as is specifically referred to the Coun- 
cil by the Association and business that 
may be specifically mentioned in the call 
for the Council meeting. 

8. New business. 

9. Election of members of the Association. 

10. Adjournment. 


CHAPTER V.— MISCELLANEOUS 


Article 1. Quorum of Committees. A majority of 
the members of any committee of the Council shall 
constitute a quorum for the transaction of business. 
■ Article H. Motions — ^Voting by Mail. Questions 
arising in the interim between meetings of the Coun- 


cil or committees may be submitted to the members 
by mail in Council or Committee Letters, and mo- 
tions so submitted do not require a second. A 
majority of the votes cast by mail, upon any proposi- 
tion so submitted, provided the votes so cast repre- 
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BY-LAWS OF THE COUNCIL (Continued) 


sent a quorum of the Council or Committee, shall 
decide the question. Members of the Association 
may be elected by mail vote. 

Article III. Amendments. Every proposition to 
alter or amend these By-Laws shall be submitted in 


writing at one session and may be balloted upon at 
the next session of the Council, when, upon receiving 
a favorable vote of three-fourths of the mem- 
bers present, it shall become a part of these By- 
Laws. 


BY-LAWS OF THE HOUSE OF DELEGATES 


(With all amendments to December 31, 1957) 


CHAPTER I 


Article 1. Opening of the House of Delegates. 
The First Session of the House of Delegates at each 
Annual Meeting shall be called to order by the 
Chairman, the Vice-Chairman or the Secretary. 

Article H. Delegates. Immediately after the 
First Session of the House of Delegates has been 
called to order, the Secretary shall report the ac- 
credited representatives, who shall then compose 
the House of Delegates. 

Article HI. Voting. Each delegate shall be 
entitled to one vote. No delegate shall act as proxy 
of another delegate nor as delegate for more than 
one association or organization. An alternate dele- 


gate shall function according to the provisions of 
Chapter IV, Article III, of the By-Laws of the 
Association. 

Article IV. Fraternal Delegates. Fraternal dele- 
gates may be received from organizations not en- 
titled to voting delegates. These delegates shall 
have the privileges of the floor in other than execu- 
tive sessions but without vote. 

Article V. Privileges. Any member of the 
American Pharmaceutical Association may at- 
tend any session of the House of Delegates, other 
than an executive session, and shall have the privi- 
lege of the floor. 


CHAPTER H 


Article 1. Officers of the House. The officers of 
the House of Delegates shall be a Chairman, a Vice- 
Chairman and a Secretary. The Secretary of the 
Association shall be Secretary of the House. The 
Chairman and Vice-Chairman shall be elected 
annually at the second session of the House sub- 
sequent to the report of the Committee on Nomina- 
tions and shall serve for one year or until their 
successors shall be installed. 

The Chairman and Vice-Chairman shall be in- 
stalled at the final session of the House held during 
the annual meeting of the Association. 

In the event of the resignation, decease or in- 


capacity of either the Secretary or the Treasurer of 
the Association, the vacancy shall be filled by the 
Council until the next meeting of the House of Dele- 
gates whereupon the House of Delegates shall re- 
ceive and act upon the nomination made by the 
Council. 

Article 11. Election of the Honorary President, 
the Secretary and Treasurer of the Association. 
At the Second Session of the House of Delegates 
held during tlie annual meeting of the Association. 
the House shall elect the Honorary President and tri- 
ennially the Secretary and Treasurer of the Associa- 
tion, all on nomination of the Council. 


CHAPTER m 


Article 1. Duties of the Chairman and Vice- 
Chairman. The Chairman shall preside at all meet- 
ings of the House of Delegates, except in the case of 
his absence or on account of inability to preside 
from any other causes, when the Vice-Chairman shall 
preside. In the event of tlie inability of both the 
Chairman and Vice-Chairman to preside, a tem- 
porary Chairman shall be elected by the House of 
Delegates, except at the opening of the First Ses- 
sion of the House when the Secretary shall preside 
as hereinbefore provided. The presiding Chairman 
shall perform the duties specified or referred to in 


Chapter IV of tlie By-Laws of the Association and 
the customary and parliamentary duties established 
by usage. 

The Chairman shall prepare, with the assistance 
of the Secretary, the annual report of the House of 
Delegates. 

Article H. Duties of the Secretary. The Secre- 
tary shall perform the duties specified in the By- 
Laws of the House and of the Association or 
otherwise assigned by the House. He shall read all 
communications and papers received for that pur- 
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pose, shall call and record the ayes and nays 
whenever they are required to be called, he shall 
notify committees of the House of Delegates of 
their appointment, stating the business on which 
respective committees are to act With respect to 
the verification of credentials of the members of the 
House of Delegates, the Secretary shall, at least 
two months before the annual meeting, send appro 
priate blank credentials for delegates to the various 
bodies entitled to representation in the House of 
Delegates and notify the said bodies of the time 
uhen the credentials properly filled out shall be 
returned to him He shall report the verified ere 


dentials to the First Session of the House of Dele 
gates as hereinbefore provided Credentials re- 
ceived and verified after the First Session of the 
House of Delegates shall be reported at the Second 
Session The proceedings of the House of Dele 
gates as submitted by the Secretary shall be pub 
lished annually and the Secretary shall procure a 
sufTicient number of copies of the same for distribu 
tion among the members of the House of Delegates 
and the officers of the Association and on request to 
members of the Association Said proceedings shall 
also contain a list of the members, officers and com 
mittees of the House of Delegates 


CHAPTER IV 


Article I. Committee on Nominations At its 
First Session held during the annual meeting of the 
Association, the Chairman shall appoint a Com 
mittee on Nominations consisting of nine members 
vhose duty it shall be to nominate the candidates 
for the office of President. First Vice-President, 
Second Vice President, the candidates for member- 
ship in the Council, and Chairman and Vice Chair 
man of the House of Delegates as provided in 
Chapter II of the By Laws of the Association 
The report of the Committee on Nominations shall 
be received and acted upon at the Second Session 
of the House of Delegates as directed in Chapter II 
of the By Lav s of the Association 
Article 11 Committee on Place of Meeting. The 
Chairman of the House of Delegates shall within 
siNty days after his installation appoint a Com- 
mittee on Place of Meeting consisting of five mem 
bers whose duty it shall be to consider invitations 
The report of this Committee shall be received and 
acted upon at the Second Session of the ne.\t annual 
meeting of the House of Delegates 

Article in Committee on Resolutions. The 
Committee on Resolutions shall consist of nine 
members appointed by the Chairman at the First 


Session upon the adoption of these By Laws, to 
whieh shall be referred the address of the President 
of the Association, the address of the Chairman of 
the House of Delegates and such resolutions and 
reports as are submitted or referred to the House of 
Delegates The Chairman shall appoint nine mem 
bers, three of whose terms shall expire in one, two 
and three years respectively Thereafter, three are 
to be appointed annually The President of the 
Association and the Chairman of the House of Dele- 
gates shall be ex officto members The Chairman 
of the House shall name the Chairman of the Com- 
mittee each year and the Secretary of the Associa- 
tion shall be Secretary of the Committee 

The Committee may report to the House at any 
of the sessions and shall make its final report at the 
final session of the House 

Article IV. Special Committees. The Chairman 
shall appoint such special committees of the House 
of Delegates as may be necessary (Unless otherwise 
provided. Committees shall consist of a chairman 
and four members ) Special committees shall expire 
at the end of the next annual meeting unless spe 
cific provision is made for their continuance 


CHAPTER V 


Article I Motions and Resolutions All mo 
tions and resolutions shall receii e for adoption the 
affirmative \ ote of the majority of the members 
present and vmting, such action to be final unless 
re\ oked bj three fourths of the Associations 
Membership present and voting 

Article II Amendments Every proposition to 


amend the Bj Laws of the House of Delegates shall 
be submitted in writing at one session of the House 
and may be acted upon at the next session, when, 
upon receiving the affirmative vote of three fourths 
of the members present, it shall become a part of 
these By Laws 


CHAPTER VI 


Article I. Order of Busmess. The following shall 
be the order of busmess unless otherwise determined 

1 Call to order 

2 Roll call of delegates 

3 Reading and adopting of the minutes 

4 Appointment of committees 

5 Address of the Chairman of the House of 
Delegates 

G Receipt of reports and other communica 
tions from the Association, the Council and 
Sections, all_of_which shall be in writing 


7 Receipt of resolutions, reports and other com 
munica tions, all of which shall be in writing 

8 Unfinished busmess 

9 New busmess 

10 Nomination of officers of the Association to 
be elected by mail ballot, election of officers 
of the Association upon nomination by 
the Council and election of officers of the 
House 

11 Installation of officers of the House 

12 Adjournment 
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BY-LAWS OF THE HOUSE OF DELEGATES (.Continued) 

CHAPTER VH 

Article I. Rules of Order. The procedure of in conflict with these By-Laws or with anj' rules 
the House of Delegates shall be governed b 3 ’^ the adopted by the House, 
latest edition of Robert’s Rules of Order when not 


BY-LAWS OF THE SCIENTIFIC SECTION 


(With all amendments to December 31, 1957) 
CHAPTER I.— NAME AND OBJECTS 


Article 1. Name. This organization shall be 
known as the Scientiflc Section of the American 
Pharmaceutical Association. 

Article 2. Objects. The objectives of this 
Section shall be to aid the American Pharmaceu- 
tical Assocation in: 

1. Encouraging high standards of research in 
the pharmaceutical sciences. 

2. Bringing together, at the Annual Meeting of 
the American Pharmaceutical Association for 
the mutual benefit and exchange of ideas, those 


members and guests of the American Pharmaceu- 
tical Association who are interested in the 
pharmaceutical sciences and research as applied to 
Pharmacy. 

3. Representing pharmaceutical sciences and 
research among the learned societies and aiding in 
the preparation and distribution of abstracts of 
papers presented before the Scientific Section. 

4. Increasing the value and distribution of the 
Scientific Edition of the Journal of the American 
Pharmaceutical Association. 


CHAPTER IL— MEMBERSHIP 


Article 1. Membership. Attendance upon 
meetings of the Section and the presentation of 
competent papers to its programs shall be open to 
any member of the American Pharmaceutical 
Association. Voting membership shall be limited 
to regularly enrolled members of the American 
Pharmaceutical Association in good standing, 

CHAPTER m. 

Article 1. Officers. The officers of the Section 
shall be a Chairman, a Chairman-Elect, a Vice- 
Chairman, a Secretary-Treasurer, a Delegate to the 
House of Delegates of the American Pharjiaceu- 


who have qualified for membership in the Section b\’ 
supporting, directing, conducting or publishing in- 
vestigations of a research nature in the pharmaceu- 
tical sciences or otherwise providing for education 
in and dissemination of such investigations. 

Applications for membership in the Section shall 
be made to the Secretary of the Section. 

-OFFICERS 

TicAL Association, and an Alternate Delegate to the 
House of Delegates of the American Pharmaceu- 
tical Association, selected from the voting mem- 
bership of the Section. 


CHAPTER IV.— ELECTION OF OFFICERS 


Article 1. Election of Officers. The Chairman 
shall appoint, any time before or at the first session 
of the Section, a Nominating Committee of three 
voting members of the Section. At the final 
business session of the Section, this Committee shall 
report one nominee for each office to be filled. 

Additional nominations may then be made from 
the floor. Election shall be conducted bj' ballot 
according to parliamentary procedure. The elected 
members shall hold office until their successors arc 
duly elected and installed. 

Article 2. Term of Office. The Secretarj’- 
Treasurer and the Delegate to the House of Dele- 
gates of the American Pharmaceutical Associ- 
ation shall be elected for terms of three j'cars each. 
The other officers shall be elected for terms of one 
year each. 

Officers, except the Secretarj'-Treasurcr, may not 
be re-elected for the same office but may, after a 
lapse of one term, be eligible again for the same 
office. 


Article 3. Vacancies and Absences from the 
Annual Meeting. Any vacancies occurring among 
the officers shall be filled bj' the Chairman. In the 
event of the death or resignation of the Chairman, 
the Chairman-Elect shall assume the duties of that 
office. In case of the absence of the Chairman 
from the Annual Meeting of the Section, the Chair- 
man-Elect shall preside. If both the Chairman and 
the Chairman-Elect are absent, the Vice-Chairman 
shall preside. In case of absence of the Secretarj’- 
Treasmer from the Annual Meeting, he shall send 
his report and material, if possible, to the Chairman 
of the Section before the Annual Meeting. The 
Chairman shall then appoint a Secretarj’-Treasurer 
pro Icm who shall read the report and otherwise 
carrj’ on the duties of the Secretary-Treasurer 
during the meetings of the Section. In case of the 
absence of the Chairman, the Chairman-Elect or the 
Vice-Chairman or the most recent Past Chairman 
in attendance shall preside as Chairman in the order 
here mentioned. 
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CHAPTER V.— DUTIES OF THE OFFICERS 


Article 1. Duties of the Chaiiman. The chair- 
man shall preside at the business sessions of the 
Section and shall perform the customary and 
parliamentary duties established by usage. He 
shall preside at one of the sessions for the presenta- 
tion of Research Reports when two or more such 
sessions are held concurrently. 

Article 2. Duties of the Chairman-Elect. The 
Chairman-Elect shall be Chairman of the Committee 
on Membership. He shall preside at one of the 
sessions for the presentation of Research Reports 
when two or more such sessions are held con- 
currently. In the absence or temporary incapacity 
of the Chairman, he shall act as Chairman of the 
Section. 

Article 3. Duties of the Vice-Chairman. The 
Vice-Chairman shall be a member of the Committee 
on Membership. He shall preside at one of the 
sessions for the presentation of Research Reports 
when more than two such sessions are held con- 
currently. In the absence or temporary incapacity 
of the Chairman and the Chairman-Elect, he shall 
act as Chairman of the Section. 

Article 4. Duties of the Secretary-Treasurer. 
The Secretary-Treasurer shall keep a record of all 
meetings of the Section, retain copies of the records 
and documents of the Section and shall transmit 
these records to the incoming Secretary-Treasurer 
of the Section. Immediately after the Annual 
Meeting, the Secretary-Treasurer shall transmit 
to the Secretary of the American Pharmaceutical 
Association, for publication and safe keeping, the 
minutes of each meeting, together with all docu- 
ments, reports and papers which belong to the Sec- 


tion, He shall transmit to the Secretary of the 
American Pharmaceutical Association the 
names of the officers elected and the committees 
appointed, as well as any changes in the personnel of 
the committees. 

He shall send to the members such notices as the 
business of the Section may require. 

Prior to the Annual Meeting, he shall mail to the 
members of the Section a request for papers and an 
announcement of the latest date on which they will 
be accepted for presentation at the Annual Meeting. 

He shall plan the program of the Annual Meeting 
according to Chapter X, Article 7 of these By-Laws. 
He shall furnish the Secretary of tne American 
Pharmaceutical Association with a copy of the 
program in time for inclusion in the appropriate 
number of the Journal preceding the Annual 
Meeting and in the official program of the meeting. 

He shall be responsible for securing and distrib- 
uting the Scientific Section Abstracts in coopera- 
tion with the Secretary of the American Pharma- 
ceutical Association. 

Copies of the program and abstracts are to be 
mailed to the voting members of the Section as 
early as possible prior to the Annual Meeting, 

He shall, as Secretary-Treasurer, prepare and 
deliver to the Scientific Section an annual report of 
the activities of his office. 

He shall collect the Section dues, transact the 
fiscal affairs of the Section, pay necessary Section 
expenses, and keep a record of the finances of the 
Section. 

He shall prepare and transmit the annual report 
of the Section to the House of Delegates. 


CHAPTER VI.— COMMITTEES 


Article 1. Standing Committees. The following 
standing committees, except the Committee on 
Resolutions, shall be nominated or appointed by the 
Chairman of the Section after the Annual Meeting 
in accordance with these By-Laws and the By-Laws 
of the American Pharmaceutical Association: 

1. Committee on Membership 

2. Committee on Ebert Prize 

3. Committee on Kilmer Prize 

4. Committee on Resolutions 

5. Auditing Committee 

Article 2. Committee on Membership. The 
Chairman-Elect of the Section shall be Chairman 
of this Committee. The Vice-Chairman and the 
Secretary-Treasurer shall be members. There shall 
be four other members, each representing different 
phases of pharmaceutical science, of whom two 
shall be appointed each year from the voting mem- 
bership for a term of two years. 

It shall be the duty of the committee to prepare 
membership application forms. The committee shall 
examine all applications for membership submitted 


to the Secretary-Treasurer. A majority vote of 
the committee shall be required to elect an applicant 
to membership in the Section. The Chairman of 
the Committee shall prepare an annual report on 
the status of membership in the Section. 

Article 3. Committee on Ebert Prize. The 
Committee on Ebert Prize shall be nominated by 
the Chairman of the Section for approval by the 
Council, as soon as possible after the Annual 
Meeting in accordance with Chapter IX, Article 
VII of the By-Laws of the American Pharma- 
ceutical Association. 

Article 4. Committee on Kilmer Prize. The 
Committee on Kilmer Prize shall be nominated b.'’ 
the Chairman of the Section, for approval by the 
Council, as soon as possible after the Annual Meet- 
ing in accordance with Chapter IX, Article VIH of 
tile By-Laws of the American Pharmaceutical 

Association. 

Article S. Committee on Resolutions. The 
Chairman of the Section shall appoint, at the be- 
ginning of the first session, a committee of three 
members, one of whom shall be designated as 
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BY-LAWS OF THE SCIENTIFIC SECTION (Continued) 


Chairman of the Committee. This Committee 
shall study the recommendations presented in the 
various reports and other proposals and suggest 
action to be taken on these by the Section. 

Article 6. Auditing Committee. The Chairman 
of the Section shall appoint a committee of three 
members, one of whom shall be designated as Chair- 
man of the Committee, for the purpose of auditing 
the Secretary-Treasurer’s accounts. 

Article 7. Special Committees. Special com- 
mittees may be appointed from time to time for 
special purposes upon recommendation of the Chair- 
man of the Section or upon motion from the floor. 


Unless otherwise provided, such Committees shall 
consist of three members. 

Article 8. Executive Committee. The Execu- 
tive Committee shall consist of the Chairman of the 
Section, the Chairman-Elect, the Vice-Chairman, 
the Secretary-Treasurer, and the Delegate to the 
House of Delegates of the American Pharmaceu- 
tical Association, and shall have the authority 
between regular meetings of the Section to act on 
such business as the Chairman of the Section and/or 
the Secretary-Treasurer may place before it. 
Business of the Committee may be transacted by 
mail. 


CHAPTER Vn.— MEETINGS 


Article 1. Time of Meeting. The Annual Meet- 
ing of the Section shall be held at the same time and 
place as that of the Annual Convention of the 
American Pharmaceutical Association. 

Article 2. Duration of Sessions and Quorum. 
The program shall be planned so as to limit each 
session, if possible, with the exception of the business 
session, to .not more than three hours. Fifteen 
members shall constitute a quorum. 

Article 3, Number of Sessions. The number of 
sessions to be held at any one Annual Meeting shall 
be determined by the Secretary-Treasurer in co- 
operation with the Secretary of the American 
Pharmaceutical Association. Two or more 
sessions of the Section for the presentation of papers 
may be held simultaneously, but only one session 
of the Section may be held while Section business 
is being transacted. The sessions shall be so ar- 
ranged that they will conflict as little as possible 
with sessions of other Sections, and that no session 


shall be held simultaneously with any General 
Session of the American Pharmaceutical Asso- 
ciation. 

Article 4. Arrangement of Presentation of 
Research Reports. In so far as possible, the 
Secretary-Treasurer in preparing the program shall 
group Research Reports in related fields. 

Article S. Special Sessions. Special sessions at 
the Annual Convention may be held at the discretion 
of the Executive Committee and with the approval 
of the Secretary of the American Pharmaceutical 
Association for the purpose of permitting lectures 
which will require more time than allowed in 
Chapter X, Article 5. 

Article 6. Joint Sessions. Joint sessions of this 
Section with other Sections may be arranged by the 
Chairman and the Secretary-Treasurer in co- 
operation with the Secretary of the American 
Pharmaceutical Association. 


CHAPTER VIH.— ORDER OF BUSINESS 


Article 1. The First Session. The order of 
business at the first business session shall be as 
follows; Call to Order; Announcement of the 
Appointment of the Resolutions and Nominating 
Committees; Chairman's Address; Secretary- 
Treasurer’s Report; Report of the Auditing Com- 
mittee; Report of Committee on Membership; 
Report of the Committee on Ebert Prize; Report 
of the Committee on Kilmer Prize; Reports of 
Special Committees, and miscellaneous business. 
The session may then divide into two or more groups 
for the presentation and discussion of Research 
Reports. 

Article 2. Sessions Other Than the First and 
Final Business Sessions. Sessions other than the 
first and final business sessions shall be devoted to 
the presentation of Research Reports. Provided 
however, that the discussion of Research Reports 


may be interrupted at any time upon call of tlie 
Chairman of the Section to convene as a single group 
to consider matters referred to the Section, by the 
Council or the House of Delegates of the American 
Pharmaceutical Association. 

Article 3. The Final Business Session. The 
order of business at the final business session shall 
be as follows: Call to Order; Report of Committee 
on Resolutions; Call for Unfinished Business; Call 
for New Business; Report of the Nominating 
Committee; Election of New Officers; Installation 
of New Officers, and Adjournment. 

Article 4. Suspension of Order. This regular 
order of business may be suspended at any time 
during a session of the Section, for that particular 
session, by a three-fourths vote of the voting mem- 
bership present. 
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CHAPTER IX —EXPENSES 


Article 1. Appropriations for Regular Expenses. 
Appropriations provided by the American Pharma- 
ceutical Association to the Section shall be used 
only to defray expenses for which the appropria- 
tion is made. 

Article 2. Appropriations for Additional Ex- 
penses. Appropriations from the American Phar- 
maceutical Association for expenses other than 
those provided for in the annual budget of the 
American Pharmaceutical Association, must be 
procured by authority of the Council of the Ameri- 
can Pharmaceutical Association, on request, 
through the Secretary-Treasurer of the Section. 

Article 3. Dues. Section dues shall be one 
dollar ($1.00) per calendar year for all members of 
the Scientific Section. This shall entitle the 
member to a copy of the Scientific Section Abstracts; 
voting privileges; all communications of the 
Section; the privilege to serve on committees, and 
to hold any office in the Section. Income from 


dues shall be used exclusively for e.\penses of the 
Section, as authorized by its Executive Committee 
and approved by the Council of the American 
Pharmaceutical Association, through submission 
of an annual budget, prepared by the Secretary- 
Treasurer. 

Article 4. Changing of Dues. Proposed changes 
in the amount of dues for the Section shall be 
voted upon by the voting members by mail. Any 
alteration of dues shall require the vote of three- 
fourths of the members voting and approval by the 
Council of the American Pharmaceutical Asso- 
ciation. 

Article 5. Gifts and Donations. Gifts and 
donations designated for use of the Scientific Section 
for special purposes may be accepted by the Ameri- 
can Pharmaceutical Association, with the con- 
sent of the Council of the American Pharmaceu- 
tical Association, and with the understanding 
that they will be administered by the Council. 


CHAPTER X.— REPORTS PRESENTED BEFORE THE SCIENTIFIC SECTION 


Article 1. Definition of Abstract of Research. 
For the purpose of this Section, the term "abstract” 
shall mean either of the following: Type I — an 
abstract of a description of completed research; 
Type 11 — a progress report on an incomplete proj- 
ect. For the purpose of printing in the Scientific 
Section abstracts, such abstracts should be 150-200 
words in length. 

Article 2. Presentation of Research. For the 
purpose of the Section, the term "presentation” of 
research shall mean the oral report given at one of 
the sessions of the Section. Two kinds (Type I 
and Type II) of Research Reports may be accepted 
for presentation before the Section. 

Members of the Section may submit Research 
Reports and present them at the sessions, and other 
research workers, whether members of the American 
Pharmaceutical j Association or not, may also 
present Research keports to the Section, but these 
reports will be marked in such a manner in the pro- 
gram to indicate that the author or authors are 
nonmembers. 

Article 3. Rules Governing the Submission of 
T 3 T)e I Research Reports. An abstract (Article 1) 
shall be sent to the Secretary-Treasurer of the 
Section. An original and one copy of the com- 
pleted paper shall be turned over to the Secretary- 
Treasurer when the oral report is presented. 

Article 4. Rules Governing the Submission of 
Type H Research Reports. An abstract (Article 
1) shall be sent to the Secretary-Treasurer of the 
Section. No copy of a written paper shall be re- 
quired. 

Article 5. Rules Governing the Presentation of 
Research Reports. The time allowed for the pres- 
entation of a report shall be determined by the 
Chairman of the Section after consultation with the 
Secretary-Treasurer. The time allowed each 


speaker in the discussion of a report and the total 
time allowed for the discussion of any report shall 
be determined by the Chairman of the Section. 

Article 6. Special Papers and Guest Speakers. 
From time to time outstanding scientists working 
in fields of interest to the Section may be invited 
to prepare and present papers to the Section. Any 
member may suggest such a guest speaker, but the 
suggestion must be approved by the Executive Com- 
mittee of the Section and an official invitation ex- 
tended b}"- the Chairman. 

Article 7. Program. The Secretary-Treasurer 
shall prepare a "Program of the Annual Meeting of 
the Scientific Section of the American Pharmaceu- 
tical Association,” which shall include the date 
and time of meeting of all the sessions of the Section; 
order of business; and titles and authors of papers. 
When a Research Report has more than one author, 
the name of the author who is to present the report 
shall be indicated in some manner (italics or under- 
lined). WTien a Research Report is given by a non- 
member, it shall be indicated as specified in Chapter 
X, Article 2. The program shall be planned accord- 
ing to Chapter VII, Articles 1, 2, 3 and 4; and 
Chapter VIII, Articles 1, 2 and 3. 

Article 8. Ownership of Papers and Reports. 
Abstracts, as defined in Chapter X, Article 1, shall 
become the property of the American Pharmaceu- 
tical Association for publication in the Scientific 
Section Abstracts. The completed paper of Type I 
Research Reports shall become the property of the 
American Pharmaceutical Association, but 
upon request to the American Pharmaceutical 
Association may be released to the author for 
publication in other journals, in accordance with 
Chapter V, Article 7, of the By-Laws of the Ameri- 
can Pharmaceutical Association. 
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BY-LAWS OF THE SCIENTIFIC SECTION (Continued) 


CHAPTER XI.— AMENDMENTS 


Article I. Amendments. These Bj’-Lans may 
be amended at any business session of the Section at 
the Annual Meeting by a tiio tliirds vote of the 
voting members present, provided notice of such 
amendment is given together with the text thereof 
at any previous session held at that Annual Meeting 


Amendments may also be approx ed bj mail 
ballot by txx o thirds of those xmtmg Amendments 
must finally be accepted by the Council of the 
American Pharmaceutical Association as not m 
conflict xvith the Constitution and Bj-Laxxs of the 
American Pharmaceutical Association 


CHAPTER XU 

Article 1. Miscellaneous. Questions not specifi- decided m accord with the Constitution and By-Laxxs 

cally covered by these By-Laws must always be of the American Pharmaceutical Association 


AMERICAN PHARMACEUTICAL ASSOCIATION 
OFFICERS 1957-58 


President, Joseph B Burt. Lincoln, Neb 
Hanoi ary President, Prank O Tax lor. South Fort 
Mitchell, Kx 

First Vice President, J Marren Lansdoixne, Indian 
apolis, Ind 

Second Vice President, Leroj A Weidle, Sr , St 
Louis, Mo 

Secretary, Robert P Fischehs, Washington, D C 
Treasiiier, Hugo H Schaefer, Yonkers, N Y 


OFFICERS-ELECT 1958-59 

{Term of office begins April 26, 1958) 
President Elect, Louis J Fischl, Oakland, Calif 
First Vice President Elect, Stephen Wilson, Detroit, 
Mich 

Second Vice President Elect, Hoxxell R Jordan, 
Austin. Tex 

Eouncil Members Elect (1961) Troy C Daniels, 
San Francisco, Calif , J H F Dunning, Balti 
more, Md , John A MacCartnej , Detroit, Mich 


THE COUNCIL 

Elected Members — George F Archambault, 
Bethesda, Md (1959), Roj A Boxxers, Nexxark, 
N J (1960), GroxerC Boxxles, Memphis, Tenn 
(I960), H A B Dunning, Baltimore, Md 
(1958), Louis J Fischl, Oakland, Calif (1958), 
F Rojee Franzom, Arlington, Va (1959), 
Henrx' H Gregg, Minneapolis, Minn (1958), 
John B Heinz, Salt Lake Citj , Utah (I960), 
Robert L Sxxam, Nexx York, N S (1959) 


Ex-Officio Members — Joseph B Burt, Lincoln, 
Neb , Robert P Pischehs, M'ashington, D C , 
Nicholas S Gesoalde, Nexx York, NY, J 
Warren Lansdoixne, Indianapolis, Ind , John A 
MacCartnev, Detroit, Mich , Hugo H Schaefer, 
Yonkers, N Y , Lerox A Weidle, Sr , St Louis, 
Mo 


OFFICERS OF THE COUNCIL 

Chairman, John B Heinz, Salt Lake Citx, Utah 
Vice Chairman, Henrj H Gregg, Minneapolis, 
Minn 

Secretary, Robert P Fischehs, M ashington, D C 


OFFICERS OF THE HOUSE OF DELEGATES 

Chairman, Nicholas S Gesoalde. Great Neck, Long 
Island, N Y 

Vice Chan man, Eiiart A Sixmjard, Salt Lake Citx, 
Utah 


Editors of the Journal 

Scientific Edition, Justin L Poiicrs, Washington, 
D C 

Practical Pharmacy Edition, Eric W' Martin, W'ash- 
ington, D C 
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BY-LAWS OF THE SECTION ON PRACTICAL PHARMACY 

CHAPTER I.— NAME AND OBJECTS 


Article 1. Name. This organization shall be 
hnonn as the Section on Practical Phatmacy of 
the American Pharmaceutical Association 

Article 2. Objects The objectnes of this 
Section shall be to aid the American Pharma- 
ceutical Association in 

1 Encouraging high standards of research in 
Pharmacy 

2 Bringing together, at the Annual Meeting of 
the American Pharmaceutical Association for 
the mutual benefit and exchange of ideas, practicing 


pharmacists, members of educational and industrial 
organizations, and all others interested in the ad- 
vancement of pharmacy 

3 Representing pharmaceutical sciences and re 
search among the learned societies and aiding m the 
preparation and distribution of abstracts of papers 
presented before the Section on Practical Pharmacy 

4 Increasing the value and distribution of the 
Practical Phainiacy Edition of the Journal of the 
American Pharmaceutical Association 


CHAPTER II.— MEMBERSHIP 


Article 1. Membership. Attendance at meetings 
of the Section and the presentation of competent 
papers to its programs shall be open to anj member 
of the American Pharmaceutical Association 
\ oting membership shall be limited to regularlj' en- 


rolled members of the American Pharmaceutical 
Association in good standing, who are also members 
of the Section 

Applications for membership m the Section shall 
be made to the Secretary of the Section 


CHAPTER HI.— OFFICERS 


Article 1. Officers. The officers of the Section 
shall be a Chairman, a Chairman Elect, a Vice- 
Chairman, a Secretarj Treasurer, a Delegate to the 
House of Delegates of the American Piiarmaceuti 


cal Association, and an Alternate Delegate to the 
House of Delegates of the American Pharmaceuti 
CAL Association, selected from the voting member 
ship of the Section 


CHAPTER IV.— ELECTION OF OFFICERS 


Article 1. Election of Officers. The Chairman 
shall appoint, any time before or at the first session 
of the Section a Nominating Committee of three 
voting members of the Section At the final 
business session of the Section, this Committee shall 
report one nominee for each office to be filled 
Additional nominations may then be made from the 
floor Election shall be conducted by ballot ac- 
cording to parliamentary procedure The elected 
members shall hold office until their successors are 
duly elected and installed 

Article 2. Term of Office. The Secretary-Treas- 
urer and the Delegate to the House of Delegates of 
the American Pharmaceuticai Association shall 
be elected for terms of three years each The other 
officers shall be elected for terms of one j ear each 
Officers, except the Secretary-Treasurer, may not 
be reelected for the same office after completing one 
term of sen ice but maj , after a lapse of tu o terms, 
be eligible again for office 


Article 3. Vacancies and Absences from the An- 
nual Meeting. Any vacancies occurring among the 
officers shall be filled by appointment by the Chair 
man In the event of the death or resignation of the 
Chairman, the Chairman-Elect shall assume the 
duties of that office In case of the absence of the 
Chairman from the Annual Meeting of the Section, 
the Chairman-Elect shall preside If both the 
Chairman and the Chairman-Elect are absent, 
the Vice Chairman shall preside In case of ab 
sence of the Secretary-Treasurer from the Annual 
Meeting, he shall send his report and material, if 
possible, to the Chairman of the Section before the 
Annual Meeting The Chairman shall then appoint 
a Secretary-Treasurer pro teni uho shall read the 
report and otherwise carry on the duties of the Sec 
retary-Treasurer during the meetings of the Section 
In case of the absence of the Chairman, the Chair 
man Elect and the Vice-Chairman, the most recent 
Past Chairman in attendance shall preside 


CHAPTER V.— DUTIES 

Article 1. Duties of the Chairman. The Chair- 
man shall preside at the business sessions of the Sec- 
tion and shall perform the customary and parliamen- 
tary duties established by usage He shall preside 
at one of the sessions for the presentation of Re- 


OF THE OFFICERS 

search Reports v hen tv o or more such sessions are 
held concurrently 

Article 2. Duties of the Chairman-Elect. The 
Chairman-Elect shall be chairman of the Committee 
on Membership He shall preside at one of the 
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sessions for the presentation of Research Reports 
when two or more such sessions are held concur- 
rently. In the absence or temporarj' incapacity of 
the Chairman, he shall act as Chairman of the Sec- 
tion. 

Article 3. Duties of the Vice-Chairman. The 
Vice-Chairman shall be a member of the Committee 
on Membership. He shall preside at one of the 
sessions for the presentation of Research Reports 
when more than two such sessions are held con- 
currently. In the absence or temporarj' incapacitj’ 
of the Chairman and the Chairman-Elect, he shall 
act as Chairman of the Section. 

Article 4. Duties of the Secretary-Treasurer. 
The Secretary-Treasurer shall keep a record of all 
meetings of the Section, retain copies of the records 
and documents of the Section and shall transmit 
these records to the incoming Secretary-Treasurer of 
the Section. Immediatelj’ after the Annual Meeting, 
the Secretary-Treasurer shall transmit to the Sec- 
retarj' of the American Pharmaceutical Associa- 
tion, for publication and safekeeping, the minutes of 
each meeting, together with all documents, reports 
and papers which belong to the Section. He shall 
transmit to the Secretary of the American Pharma- 
ceutical Association the names of the officers 
elected and the committees appointed, as well as anj' 
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changes in the personnel of the committees. 

He shall send to the members such notices as the 
business of the Section maj’ require. 

Prior to the Annual Meeting, he shall mail to the 
members of the Section a request for papers and an 
announcement of the latest date on which thej- will 
be accepted for presentation at the Annual Meeting. 

He shall plan the program of the Annual Meeting 
according to Chapter X, Article 7 of these By-Laws. 
He shall furnish the Secretary of the American 
Pharmaceutical Association with a copy of the 
program in time for its inclusion in the appropriate 
number of the Journal preceding the Annual Meet- 
ing. 

Copies of the program and abstracts are to be 
mailed to the voting members of the Section as 
early as possible prior to the Annual Meeting. 

He shall, as Secretarj'-Treasurer, prepare and de- 
liver to the Section an annual report of the activities 
of his office. 

He shall collect the Section dues, transact the 
fiscal affairs of the Section, pay necessarj- Section 
expenses, and keep a record of the finances of the 
Section. 

He shall prepare and transmit through the official 
delegate of the Section the annual report of the Section 
to the House of Delegates. 


CHAPTER VI.— COMMITTEES 


Article 1. Committees. The following standing 
Committees, except the Committee on Auditing, 
shall be appointed by the Chairman of the Section 
after the Annual Meeting in accordance with these 
By-Laws and the By-Laws of the American 
Pharmaceutical Association: 

1 . Membership 

2. Resolutions 

3. Auditing 

Article 2. Committee on Membership. 

The Chairman-Elect of the Section shall be Chair- 
man of this Committee. The Vice-Chairman and 
the Secretarj'-Treasurer shall be members. There 
shall be four other members, appointed from the 
voting membership, two of whom shall be appointed 
each year for a term of two j-ears. 

It shall be the duty of the committee to prepare 
membership application forms. The committee 
shall review all applications for membership sub- 
mitted to the Secretarj'-Treasurer and the Chairman 
of the committee shall prepare an annual report on 
the status of membership in the Section. 

Article 3. Committee on Resolutions. The Chair- 
man of the Section shall appoint, at the beginning 
of the first session, a committee of three members, 
one of whom shall be designated as Chairman of the 
Committee. This Committee shall studj' the rec- 
ommendations presented in the various reports and 


other proposals and suggest action to be taken on 
these by the Section. 

Articled. Auditing Committee. The Chairman of 
the Section shall appoint a committee of three mem- 
bers, one of whom shall be designated as Chairman 
of the Committee, for the purpose of auditing the 
Secretarj'-Treasurer’s accounts. This Committee 
shall be appointed at least four months prior to the 
A nnual Meeting. 

Article 5. Special Committees. Special com- 
mittees such as Nominating Committee, Committee 
on Constitution and By-Laws, and others maj' be 
appointed from time to time for special purposes 
upon recommendation of the Chairman of the 
Section or upon motion from the floor. Unless 
othenvise provided, such Committees shall consist 
of three members. 

Article 6. Executive Committee. The Executive 
Committee shall consist of the Chairman of the 
Section, the Chairman-Elect, the A^ice-Chairman, 
the Secretarj'-Treasurer, and the Delegate to the 
House of Delegates of the American Pharmaceuti- 
cal Association, and shall have the authority be- 
tween regular meetings of the Section to act on such 
business as the Chairman of the Section and/or the 
Secretarj'-Treasurer maj' place before it. Business 
of the Committee maj' be transacted bj' mail. 
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CHAPTER Vn.— MEETINGS 


Article 1. Time of Meeting. The Annual Meet- 
ing of the Section shall be held at the same time and 
place as that of the Annual Convention of the 
American Pharmaceutical Association. 

Article 2. Duration of Sessions and Quorum. 
The program shall be planned so as to limit each 
session, if possible, with the e.xception of the business 
session, to not more than three hours. Fifteen 
members shall constitute the quorum. 

Article 3. Number of Sessions. The number of 
sessions to be held at any one Annual Meeting shall 
be determined by the Secretary-Treasurer in 
cooperation with the Secretary of the American 
Pharmaceutical Association. 

Article 4. Arrangement of Presentation of Re- 


search Reports. Insofar as possible, the Secretary- 
Treasurer in preparing the program shall group 
Research Reports in related fields. 

Article 5. Special Sessions. Special sessions at 
the annual convention may be held at the discretion 
of the Executive Committee and with the approval 
of the Secretary of the American Pharmaceutical 
Association for the purpose of permitting lectures 
which will require more time than allowed in Chapter 
X, Article 5. 

Article 6. Joint Sessions. Joint sessions of this 
Section with other Sections may be arranged by the 
Chairman and the Secretarj'-Treasurer in coopera- 
tion with the Secretary' of the American Pharma- 
ceutical Association. 


CHAPTER VIII.— ORDER OF BUSINESS 


Article 1. The First Session. The order of busi- 
ness at the first session shall be as follows : Call to Or- 
der; announcement of the appointment of the Resolu- 
tions and Nominating Committees; Chairman’s Ad- 
dress; Secretary-Treasurer’s Report; Report of the 
Auditing Committee; Report of the Committee on 
Membership; Reports of Special Committees, and 
miscellaneous business. The Section may then di- 
vide into two or more groups for the presentation 
and discussion of Research Reports. 

Article 2. Sessions Other Than the First and 
Final Business Sessions. Sessions other than the 
first and final business sessions shall be devoted to 


the presentation of Research Reports. 

Article 3. The Final Business Session. The 
order of business at the final business session shall 
be as follows: Call to Order; Report of the Com- 
mittee on Resolutions; Call for Unfinished Business; 
Cali for New Business; Report of the Nominating 
Committee; Election of New Officers; Installation 
of Officers, and Adjournment. 

Article 4. Suspension of Order. This regular 
order of business may be suspended at any time 
during a session of the Section, for that particular 
session, by a three-fourths vote of the voting mem- 
bership present. 


CHAPTER IX.— EXPENSES 


Article 1. Appropriations for Regular Expenses. 
Appropriations provided by the American Pharma- 
ceutical Association to the Section shall be used 
only' to defray expenses for which the appropriation 
is made. 

Article 2. Appropriations for Additional Expenses. 
Appropriations from the American Pharmaceuti- 
cal Association for expenses other than those pro- 
vided for in the annual budget of the American 
Pharmaceutical Association, must be procured 
by authority of the Council of the American 
Pharmaceutical Association, on request, through 
the Secretary-Treasurer of the Section. 

Article 3. Dues. Section dues shall be one dollar 
(•SI. 00) per calendar y'ear for all members of the 
Section on Practical Pharmacy. This shall entitle 


the member to a copy of the Section Abstracts; vot- 
ing privileges; all communications of the Section; 
the privilege to serve on committees, and to hold 
any' office in the Section. Income from dues shall 
be used exclusively' for expenses of the Section, as 
authorized by' its Executive Committee and ap- 
proved by' the Council of the American Pharma- 
ceutical Association, through submission of an 
annual budget, prepared by' the Secretary'-Treasurer. 

Articled. Gifts and Donations. Gifts and dona- 
tions designated for use of the Section for special 
purposes may' be accepted by' the American 
Pharmaceutical Association, with the consent of 
the Council of the American Pharmaceutical 
Association, and with the understanding that they 
will be administered by' the Council. 


CHAPTER X.— REPORTS PRESENTED BEFORE THE SECTION ON 
PRACTICAL PHARMACY 


Article 1. Definition of Abstract of Research. 
For the purpo.se of this Section, the term "abstract” 
shall mean either of the following: Type I — An 
abstract of a description of completed research; 
Type II — A progress report on an incomplete project. 
For the purpose of printing in the Section Abstracts, 
such abstracts should be 150-200 words in length. 


Article 2. Presentation of Research. For the 
purpose of the Section, the term “presentation” of 
research shall mean the oral report given at one of the 
sessions of the Section. Two kinds — (Type I and 
Type II) of Research Reports may' be accepted for 
presentation before the Section. 

Members of the Section may submit Research 
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Reports and present them at the sessions, and other 
research workers, whether members of the American 
Pharmaceutical Association or not, mas^ also 
present Research Reports to the Section, but these 
reports will be marked in such a manner in the pro- 
gram to indicate that the author or authors are non- 
members of the American Pharmaceutical 
Association. 

Article 3. Rules Governing the Submission of 
Type I Research Reports. An abstract (Article 1) 
shall be sent by the author or authors to the Secretarj'- 
Treasurer of the Section prior to the deadline date 
which shall be specified in the Secretary’s request for 
papers. An original and one copy of the completed 
paper shall be submitted to the Secretary, prior to 
or at the time the oral report is presented. 

Article 4. Rules Governing the Submission of 
Type n Research Reports. An abstract (Article 1) 
shall be sent to the Secretary-Treasurer of the 
Section prior to the deadline date specified by the 
Secretary-Treasurer of the Section in his request for 
papers. No copj' of the written paper shall be re- 
quired unless the author or authors wish to have their 
work published as a note in the Journal. 

Article S. Rules Governing the Presentation of 
Research Reports. The time allowed for the pres- 
entation of a report shall be determined by the 
Chairman of the Section after consultation with the 
Secretary-Treasurer. The time allowed each 
speaker in the discussion of a report and the total 
time allowed each speaker in the discussion of a re- 
port and the total time allowed for the discussion of 
any report shall be determined by the Chairman of 
the Section. 


Article 6. Special Papers and Guest Speakers. 
Anj' member may suggest such a guest speaker, but 
the suggestion must be approved by the Executive 
Committee of the Section and an official invitation 
will then be extended bj- the Chairman or the Sec- 
retarj- of the Section. 

Article 7. Program. The Secretary-Treasurer 
shall prepare a “Program of the Annual Meeting of 
the Section on Practical Pharmacy of the Americ.an 
Pharmaceutical Association,” which shall in- 
clude the date and time of meeting of all the sessions 
of the Section; order of business; and titles and 
authors of papers. When a Research Report has 
more than one author, the name of the author who 
is to present the report shall be indicated in some 
manner (italics or underlined). M’hen a Research 
Report is given by a non-member, it shall be indi- 
cated as specified in Chapter X, Article 2. The 
program shall be planned according to Chapter VII, 
and Chapter VIII, Articles 1, 2, and 3. 

Article 8. Ownership of Papers and Reports. 
Abstracts, as defined in Chapter X, Article 1, shall 
become the property of the American Pharma- 
ceutical Association, for publication in the Sec- 
tion on Practical Pharmacy Abstracts. The 
completed paper on Type I Research Reports shall 
become the property of the American Pharma- 
ceutical Association, but upon request to the 
American Pharmaceutical Association it may be 
released to the author for publication in other 
journals, in accordance with Chapter V, Article 7, 
of the By-Laws of the American Pharmaceutical 
Association. 


CHAPTER XI.— AMENDMENTS 


Article 1. Amendments. These By-Laws maj’ be 
amended at any business session of the Section at 
the Annual Meeting by a two-thirds vote of the 
voting members present, provided notice of such 
amendment is given together with the text thereof 
at any previous session held at that Annual Meeting. 


Amendments may also be approved by mail ballot 
b}’' two-thirds of those voting. Amendments must 
finally be accepted by the Council of the American 
Pharmaceutical Association as not in conflict 
with the Constitution and By-Laws of the Ameri- 
can Pharmaceutical Association. 
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BY-LAWS OF THE STUDENT SECTION OF THE AMERICAN 
PHARMACEUTICAL ASSOCIATION 


(With all amendments to December 31, 1P57) 
CHAPTER I— NAME AND OBJECTS 


Article 1. Name. This organization shall be 
known as the Student Section of the American Phar- 
maceutical Association. 

Article 2. Objects. The objectives of this 
Section shall be to aid the American Pharmaceutical 
Association in: 

1. Promoting the interest of associate members 
in the American Pharmaceutical Association. 

2. Bringing together at the Annual Meeting of 
the American Pharmaceutical Association those 
students and representatives of Student Branches in 
attendance for the purpose of discussing matters of 


common interest and encouraging their participa- 
tion in the program of the Association. 

3, Providing an avenue whereby appropriate 
resolutions pertaining to student affairs may be sub- 
mitted to the House of Delegates of the American 
Pharmaceutical Association for its consideration. 

4. Strengthening the program whereby associate 
members, upon their graduation from college, be- 
come full members of the Association and continue 
to participate in its program for the advancement of 
pharmacy. 


CHAPTER II— MEMBERSHIP 


Article 1. Membership and Voting. Attend- 
ance upon meetings of the Section shall be open to 
any member or associate member of the American 
Pharmaceutical Association. All associate members 


in good standing shall automaticalls' be considered 
members of this Section. 

All voting shall be by branches and each branch 
represented at the meetings shall be entitled to one 
vote. 


CHAPTER III— OFFICERS 


Article 1. Officers. The officers of the Section 
shall be a Chairman, a A'ice-Chairman, a Secretary- 
Treasurer, a Delegate to the House of Delegates of 
the American Pharmaceutical Association, and three 
Alternate Delegates to the House of Delegates of the 
American Pharmaceutical Association, each selected 
from the members of the Section. 


Article 2. Voting Delegate. A voting delegate 
shall be a member in good standing of a Student 
Branch of the American Pharmaceutical Association 
who has been appointed or elected by his or her 
Branch, in good standing, to represent his or her 
Branch in all matters pertaining to the Student 
Section. 


CHAPTER IV— ELECTION OF OFFICERS 


Article 1. Election of Officers. The Chairman 
shall appoint, any time before or at the first session 
of the Section, a nominating committee of three 
members of the Section. At the final business ses- 
sion of the Section, this committee shall report one 
nominee for each office to be filled. 

Additional nominations may then be made from 
the floor. Election shall be conducted by ballot 
according to parliamentary procedure. The elected 
members shall hold office until their successors are 
duly elected and installed. 

Article 2. Vacancies and Absences from the An- 
nual Meeting. Any vacancies occurring among the 
officers shall be filled by the Chairman. In the 
event of the death, resignation, or absence from the 


Annual Meeting of the Chairman, the Vice-Chair- 
man shall assume the duties of that office. In the 
event that neither the Chairman nor Vice-Chairman 
can attend the Annual Meeting, a Chairman pro 
tern shall be appointed to preside by the Chairman of 
the Committee on Student Branches of the Ameri- 
can Pharmaceutical Association. In case of ab- 
sence of the Secretary-Treasurer from the Annual 
Meeting, he shall send his report and material to the 
Chairman of the Section before the Annual Meeting. 
The Chairman shall then appoint a Secretary- 
Treasurer pro tern who shall read the report and 
otherwise carry on the duties of the Secretary- 
Treasurer during the meetings of the Section. 


CHAPTER V— DUTIES OF THE OFFICERS 

Article 1. Duties of the Chauman. The Chair- assist the Secretary-Treasurer in his duties of ar- 
raan shall preside at the business sessions of the ranging the program for the Section at the Annual 
Section and shall perform the customar 3 ' and parlia- Meeting, 
mentary duties established by usage. He shall also 
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Article 2. Duties of the Vice-Chairman. The 
Vice-Chairman shall preside at those sessions of the 
Section when the Chairman is either absent or 
temporarily incapacitated. 

Article 3. Duties of the Secretary-Treasurer. 
The Secretary-Treasurer shall keep a record of all 
meetings of the Section, retain copies of the records 
and documents of the Section and shall transmit 
these records to the incoming Secretary-Treasurer of 
the Section. Immediately after the Annual Meet- 
ing, the Secretary-Treasurer shall transmit to the 
Secretary of the American Pharmaceutical Associa- 
tion, for publication and safe keeping, the minutes 
of each meeting, together with all documents, re- 
ports and papers which belong to the Section. He 
shall transmit to the Secretary of the American 
Pharmaceutical Association the names of the officers 


elected and the committees appointed, as well as 
any changes in the personnel of the committees. 

He shall send to the members such notices as the 
business of the Section may require. 

Prior to the Annual Meeting, he shall mail to the 
members of the Section a request for papers and an 
announcement of the latest date on which they will 
be accepted for presentation at the Annual Meeting. 

He shall, as Secretary-Treasurer, prepare and de- 
liver to the Section an annual report of the activities 
of his office. 

He shall collect the Section dues, transact the 
fiscal affairs of the Section, pay necessary Section 
expenses, and keep a record of the finances of the 
Section. 

He shall prepare and transmit the annual report 
of the Section to the House of Delegates. 


CHAPTER VI— COMMITTEES 


Article 1. Committees. The following com- 
mittees shall be appointed by the Chairman of the 
Section at the first session of the Section at the An- 
nual Meeting: 

1. Committee on Nominations 

2. Committee on Resolutions 

3. Auditing Committee 

4. Committee on Constitution and By-Laws 
Article 2. Committee on Nominations. The 

Committee on Nominations shall present a ballot 
giving one nominee for each office of the Section at 
the final business session at the Annual Meeting. 

Article 3. Committee on Resolutions. The 
Committee on Resolutions shall study the recom- 


mendations presented in reports and/or by members 
of the Section and suggest action to be taken on these 
by the Section. 

Article 4. Auditing Committee. The Auditing 
Committee shall audit the accounts of the Secre- 
tary-Treasurer and make its report at the last session 
of the Section. 

Article 5. Committee on Constitution and By- 
Laws. The Committee on Constitution and By- 
Laws shall study and formalize the notices of any 
amendments presented in accordance with Chapter 
IX, Article 1, and prepare the amendments for 
presentation to the Section. 


CHAPTER VH— MEETINGS 


Article 1. Time of Meeting. The Annual Meet- 
ing of the Section shall be held at the same time and 
place as that of the Annual Convention of the Ameri- 
can Pharmaceutical Association. 

Article 2. Duration of Sessions and Quorum. 
The program shall be planned so as to limit each 
session, if possible, to not more than three hours. 
Fifteen members shall constitute a quorum. 


Article 3. Number of Sessions. The number of 
sessions to be held at any one Annual Meeting shall 
be determined by the Secretary-Treasurer in co- 
operation with the Secretary of the American Phar- 
maceutical Association. The sessions shall be so ar- 
ranged that they will conflict as little as possible 
with sessions of other Sections, and that no session 
shall be held simultaneously with any General 
Session of the American Pharmaceutical Association. 


CHAPTER VHI— EXPENSES 


Article 1. Appropriations. Appropriations pro- 
vided by the American Pharmaceutical Association 
to the Section shall be used only to defray expenses 
for which the appropriation is made. 

Article 2. Dues. There shall be no dues re- 
quired of individual members of the Section but each 
Student Branch of the American Pharmaceutical 
Association will be asked to make a contribution of 
SIO.OO (ten dollars) per annum in support of the 
Section. 


Article 3. Expenses of Officers. Where con- 
sidered expedient and necessar 3 ’, the expenses of the 
Chairman and the. Secretary-Treasurer, incurred in 
attending the Annual Meeting, would be paid from 
the funds of the Section. This expenditure shall be 
subject to the approval of the Secretarj’ and General 
Manager of the American Pharmaceutical Associa- 
tion. 
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CHAPTER DC— AMENDMENTS 


Article 1. Amendments. These Bs'-Laws may 
be amended at any business session of the Section 
at the Annual Meeting by a two-thirds vote of the 
members present, provided notice of such amend- 
ment is given together with the text thereof at any 
previous session held at that Annual Meeting. 


Amendments may also be approved by mail ballot 
by two-thirds of those voting. Amendments must 
finally be accepted by the Council of the American 
Pharmaceutical Association as not in conflict with 
the Constitution and By-Laws of the American 
Pharmaceutical Association. 


CHAPTER X 

Article 1. Miscellaneous. Questions not specifi- decided in accord with the Constitution and By- 
cally covered by these By-Laws must always be Laws of the American Pharmaceutical Association, 


AMERICAN PHARMACEUTICAL ASSOCIATION 


CERTIFICATE OF INCORPORATION 


Whereas, we, the undersigned, desire to form an 
association having for its object to unite the edu- 
cated and reputable Pharmacists and Druggists of 
America, as will more fully hereinafter appear; 

Now, therefore, we do hereby certify as follows; 

First: The corporate name of the Association 
is the American Pharmaceutical Association. 

Second; The Association shall continue until 
dissolved by the action of its members, or by the 
operation of law. 

Third: The objects and business of said Asso- 
ciation are as follows : 

(a) To improve and regulate the drug market, 
by preventing the importation of inferior, adulter- 
ated or deteriorated drugs, and by detecting and 
exposing home adulterations. 

(b) To encourage proper relations between Drug- 
gists, Pharmacists, Physicians, and the people at 
large, which shall promote the public welfare, and 
tend to mutual strength and advantage. 

(c) To improve the science and art of Pharmacy 
by diffusing scientific knowledge among Apothe- 
caries and Druggists, fostering pharmaceutical 
literature, developing talent, stimulating discovery 
and invention, and in encouraging home produc- 
tion and manufacture in the several departments of 
the drug business. 

(d) To regulate the system of apprenticeship and 
employment, so as to prevent, so far as possible, the 
evils flowing from deficient training in the responsible 
duties of preparing, dispensing and selling medicines. 

(e) To suppress empiricism, and to restrict the 
dispensing and sale of medicines to regularly edu- 
cated Druggists and Apothecaries. 

(/) To uphold standards of authority in the edu- 
cation, theory and practice of Pharmacy. 

(g) To create and maintain a standard of profes- 
sional honesty equal to the amount of our profes- 
sional knowledge, with a view to the highest good 
and the greatest protection to the public. 

Fourth; The concerns and affairs of the Asso- 
ciation shall be managed by a Council, which shall 


consist for the first year of John U. Lloyd, Maurice 
W. Alexander, Alexander K. Finlay, Karl Simmon, 
Samuel A. D. Sheppard, John M. Maisch, James 
Vernor, C. Lewis Diehl, William H. Rogers, William 
Saunders, Albert E. Ebert, Philip C. Candidus, 
George W. Kennedy, Albert H. Hollister, James M. 
Good, Lewis C. Hopp and William Dupont. 

Given under our respective hands and seals this 
12th day of December, a.d. 1887. 


Signed: 

John U. Lloyd, 

Alex K. Finlay, 

Samuel A. D. Sheppard, 
James Vernor, 

William H. Rogers, 
Albert E. Ebert, 
George W. Kennedy, 
Philip C. Candidus, 
Albert H. Hollister, 
Leivis C. Hopp, 

John A. Milburn, 

E. B. Bury, 

W. S. Thompson, 
Charles Christian!, 

A. J. Schafhirt, 

O, H. COUMBE, 

Geo. B. Lockhart, 

T. C. Murray, 

Joseph R. Walton, 

G. G. C. Simms, 


James M. Good, 
Maurice W. Ale.xan- 
der, 

Karl Shumon, 

John M. Maisch, 

C. Lewis Diehl, 

Wm. Saunders, 
William Dupont, 
Members of the Council. 
and 

Z. W. Cromwell, 

John R. Major, 

W. G. Duckett, 

Geo. W. Boyd, 

Henry A. Johnston, 
W, C. Milburn, 
Arthur Nattans, 
Thomas M. Wehrly, 
of the District of 

Columbia 


(Notaries' certificates attached to the original 
document attest the genuineness of each and every 
signature.) 

Received for record February 21, 1888, at 1:05 
P.M., and recorded in Liber No. 4, fol. 302 Acts of 
Incorporation, District of Columbia, and examined. 

James M. Trotter, Recorder . 


Signed: 

Seal: 

Office of Recorder of Deeds, 
District of Columbia, 
Washington, D. C. 



LIST OF OFFICERS OF THE ASSOCIATION 
SINCE ITS ORGANIZATION 


Names of deceased officers in italics. 


PRESIDENTS AND LOCAL SECRETARJES 


Year Place of Meeting and Date 

1852 Philadelphia, Pa., Oct. 6, 1852 

1852- 53 Boston, Mass., Aug. 24, 1853 

1853- 54 Cincinnati, O., July 25, 1854 

1854- 55 New York, N. Y., Sept. 11, 1855 

1855- 56 Baltimore, Md., Sept. 9, 1856 

1856- 57 Philadelphia, Pa., Sept. 8, 1857 

1857- 58 Washington, D. C., Sept. 14, 1858 

1858- 59 Boston, Mass., Sept. 13, 1859 

1859- 60 New York, N. Y., Sept. 11. 1860 

1860- 62 Philadelphia, Pa„ Aug. 27, 1862 

1862- 63 Baltimore, Md., Sept. 8, 1863 

1863- 64 Cincinnati, O., Sept. 21, 1864 

1864- 65 Boston, Mass., Sept. 5, 1865 

1865- 66 Detroit, Mich., Aug, 22, 1866 

1866- 67 New York, N. Y.. Sept. 10. 1867 

1867- 68 Philadelphia. Pa.. Sept. 8. 1868 

1868- 69 Chicago, 111., Sept. 7, 1869 

1869- 70 Baltimore, Md., Sept. 13, 1870 

1870- 71 St. Louis. Mo., Sept. 12, 1871 

1871- 72 Cleveland. O., Sept. 3, 1872 

1872- 73 Richmond, Va., Sept. 16, 1873 

1873- 74 Louisville, Ky., Sept. 8, 1874 

1874- 75 Boston, Mass,, Sept. 7, 1875 

1875- 76 Philadelphia. Pa., Sept. 12. 1876 

1876- 77 Toronto, Can,, Sept. 4, 1877 

1877- 78 Atlanta, Ga., Nov. 26, 1878 

1878- 79 Indianapolis, Ind., Sept. 9, 1879 

1879- 80 Saratoga. N. Y., Sept. 14, 1880 

1880- 81 Kansas City, Mo., Aug. 23, 1881 

1881- 82 Niagara Falls, N, Y., Sept. 12, 1882 

1882- 83 Washington. D. C., Sept. 11, 1883 

1883- 84 Milwaukee, Wis,, Aug. 26, 1884 

1884- 85 Pittsburgh, Pa., Sept. 8, 1885 

1885- 86 Providence, R. I., Sept. 7, 1886 

1886- 87 Cincinnati, O., Sept, 5, 1887 

1887- 88 Detroit, Mich., Sept. 3, 1888 

1888- 89 San Francisco, Cal., June 24,T889 

1889- 90 Old Point Comfort, Va., Sept, 8, 1890 

1890- 91 New Orleans, La., April 27, 1891 

1891- 92 Pro61e House, N. H., July 14, 1892 

1892- 93 Chicago, 111,, Aug. 14, 1893 

1893- 94 Asheville, N. C.. Sept. 3, 1894 

1894- 95 Denver, Colo,, Aug. 14, 1895 

1895- 96 Montreal, Can,, Aug. 12, 1896 

1896- 97 Lake Minnetonka, Minn., Aug. 23, 1897 

1897- 98 Baltimore, Md., Aug. 29, 1898 

1898- 99 Put-in-Bay, O., Sept. 4, 1899 

1899- 00 Richmond, Va., May 7, 1900 

1900- 01 St. Louis. Mo., Sept. 16, 1901 

1901- 02 Philadelphia, Pa., Sept. 8, 1902 

1902- 03 Mackinac Island, Mich., Aug, 3, 1903 

1903- 04 Kansas City, Mo., Sept. 5, 1904 

1904- 05 Atlantic City, N. J., Sept. 4, 1905 

1905- 06 Indianapolis, Ind., Sept. 3, 1906 

1906- 07 New York, N. Y., Sept. 2, 1907 

1907- 08 Hot Springs, Ark., Sept. 7, 1908 

1908- 09 Los Angeles, Cal., Aug. 16, 1909 

1909- 10 Richmond, Va., May 2, 1910 

1910- 11 Boston, Mass., Aug. 14, 1911 

1911- 12 Denver, Colo., Aug. 19, 1912 

1912- 13 Nashville. Tenn., Aug. IS, 1913 

1913- 14 Detroit, Mich., Aug. 24, 1914 

1914- 15 San Francisco, Cal., Aug. 9, 1915 

1915- 16 Atlantic City, N. J., Sept. 5. 1916 

1916- 17 Indianapolis, Ind., Aug. 28, 1917 

1917- 18 Chicago. III., Aug. 12, 1918 

1918- 19 New York, N. Y.. Aug. 25, 1919 


Presidents and Local Secretaries 

Organization Meeting , 

Daniel B. Smith, Philadelphia, Pa. 
ir#7/iom A. Brewer, Boston, Mass. 

William B. Chapman, Cincinnati, O. 

John Meakim, New York, N. Y. 

George W. Andrews, Baltimore, Md. 

Charles Ellis, Philadelphia, Pa. 

John /. Kidwell, Georgetown, D. C. 

Samuel M. Colcord, Boston, Mass. 

Henry T. Kiersted, New York, N. Y. 

Wm. Procter, Jr., Philadelphia, Pa. 

J. Paris Moore, Baltimore, Md. 

IFi7/*am J. M. Gordon, Cincinnati, O. 

Henry W. Lincoln, Boston, Mass. 

Frederick Stearns, Detroit, Mich., P. Wendover Bedford 

John Milhau, New York, N. Y., Alfred B. Taylor 

Edward Parrish, Philadelphia, Pa., Henry W. Fuller 

Ezekiel H. Sargent, Chicago, 111., J. Farts Moore 

Richard H. Stabler, Alexandria, Va., William H. Crawford 

Enno Sander, St- Louis, Mo., Henry C. Gaylord 

Albert B. Ebert, Chicago, 111., Thomas H. Hazard 

John F. Hancock, Baltimore, Md., Emil Scheffer 

C. Lewis Diehl, Louisville, Ky., Samuel A. D. Sheppard 

George F. H. Morkoe, Boston, Mass., Adolphus W. Mtller 

Ckailes Bullick, Philadelphia, Pa., Henry J. Rose 

William Saunders, London, Ont., Jesse W. Rankin 

Gustavus J. Luhn, Charleston, S. C., Eli Lilly 

George W. Sloan, Indianapolis, Ind., Charles F. Fish 

James T. Shinn, Philadelphia, Pa., Williatn T. Ford 

P. Wendover Bedford, New York, N. Y., Hiram E. Griffith 

Charles A. Heinitsh, Lancaster, Pa., Charles Becker 

Wm. S. Thompson, Washington, D. C., Henry C. Schranck 

John Ingalls, Macon, Ga., George A. Kelley 

Joseph Roberts, Baltimore, Md., William B. Blamhng 

Chas. A. Tufts, Dover, N. H., George W. Voss 

John U. Lloyd, Cincinnati, O., James Vernor 

M. W. Alexander, St. Louis, Mo., Edward W, Runy'on 

Emlen Painter, New York, N. Y., Charles E. Dohme 

A. B. Taylor, Philadelphia, Pa., A. K. Finlay 

A. K. Finlay, New Orleans, La., H. M. Whitney 

Jos. P. Remington, Philadelphia, Pa., Henry Biroth 

Edgar L. Patch, Boston, Mass., W. G. Smith 

William Simpson, Raleigh, N. C., Edm. L. Scholtz 

James M. Good, St. Louis, Mo., Joseph E, Morrison 

Joseph E. Morrison, Montreal, Can., Edw. Shunipik 

Henry M. Whitney, Lawrence, Mass., Henry P. Hynson 

Charles E. Dohme, Baltimore, Md., Lewis C. Hopp 

Albert B. Prescott, Ann Arbor, Mich., T. Ashby Miller 

Jno. F. Patton, York, Pa., H. M. Whelpley 

Henry M. Whelpley, St. Louis, 'Mo., William L. Cliffe 

Geo. F. Payne, Atlanta, Ga., F. W. R. Perry 

Lewis C. Hopp, Cleveland, O., Joseph C. Wirthman 

James H. Beal, Scio, O., William C. Westcott 

Jos. L. Lemberger, Lebanon, Pa., Frank H. Carter 

Leo Eiiel, South Bend, Ind., Thomas P. Cook 

Wm, M. Searby, San Francisco, Cal., Martin A. Eisele 

Oscar Oldberg, Chicago, 111., Thomas W. Jones 

Henry 11. Rushy, Newark, N. J., T. Ashby Miller 

Eugene G. Eberle, Dallas, Tex., C. Herbert Packard 

John G. Godding, Boston, Mass , Charles M. Ford 

Tr»7/#am B. Day, Chicago, 111., James O. Burge 

George M. Beringer, Camden, N. J., Leonard A. Seltzer 

Caswell A. Mayo, New York, N. Y., John H. Dawson 

Wm, C. Alpers, Cleveland, O., Chas. Holzhauer 

Fred J. Wulling, Minneapolis, Minn., Francis E. Bibbins 

Charles Holzhauer,* Newark, N. J., E. N. Gathercoal 

Charles H. LaWall, Philadelphia, Pa., Hugo H. Schaefer 
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PRESIDENTS AND LOCAL SECRETARIES (Continued) 


Year Place of Meeting and Date 


Presidents and Local Secretaries 


1919- 20 Washington, D C , May 6, 1920 

1920- 21 New Orleans, La , Sept 6, 1921 

1921- 22 Cleveland, O , Aug 14, 1922 

1922- 23 Ashville, N C , Sept 4,1923 

1923- 24 Buffalo, N Y , Aug 25, 1924 

1924- 25 Des Moines, la , Aug 24, 1925 

1925- 26 Philadelphia, Pa , Sept 13, 192f 

1926- 27 St Louis, Mo , Aug 22, 1927 

1927- 28 Portland, Me , Aug 20-25, 1928 

1928- 29 Rapid City, S Dak , Aug 26-31, 1929 

1929- 30 Baltimore, Md , May 5-10, 1930 

1930- 31 Miami, Fla . July 27-Aug 1, 1931 

1931- 32 Toronto, Can , Aug 22-27, 1932 

1932- 33 Madison, Wis , Aug 26-Sept 1, 1933 

1933- 34 Washington, D C , May 5-12, 1934 

1934- 35 Portland, Ore , Aug 5-10, 1935 

1935- 36 Dallas, Tex , Aug 24-29, 1936 

1936- 37 New York, N Y , Aug 16-21, 1937 

1937- 38 Minneapolis, Minn , Aug 22-27, 1938 
193S-39 Atlanta Ga . Aug 20-26, 1939 

1939- 40 Richmond, Va , May 7-11, 1940 

1940- 41 Detroit, Mich , Aug 17-23, 1941 

1941- 42 Denver Colo Aug 16-22 1942 

1942- 43 Columbus O Sept 9-11, 1943 

1943- 44 Cleveland O , Sept 7-9, 1944 

1944- 45 No meeting 

1945- 46 Pittsburgh Pa Aug 27-30 1946 

1946- 47 Milwaukee Wis Aug 26-30 1947 

1947- 48 San Francisco, Cal , Aug 8-14, 1948 

1948- 49 Jacksonville Fla April 24-30 1949 

1949- 50 Atlantic City, N J , April 30-May 5 1950 

1950- 51 Buffalo N Y . Aug 26-31, 1951 

1951- 52 Philadelphia Pa . Aug 17-23, 1952 

1952- 53 Salt Lake City, Utah, Aug 10-22 1953 

1953- 64 Boston, Mass , August 22-28, 1954 

1954- 55 Miami Beach Fla , May 1-6, 1955 

1955- 56 Detroit, Mich April 8-13, 1956 

1 950 57 New York N Y April 28-May 3, 1957 

19j7-o 8 Los Angeles, Calif April 20-26 1958 


L E Sayre, Lawrence, Kans , 5 L HtUon 
C, Herbert Packard, East Boston, Mass , George W. MeDuff 
Samuel L Hilton, Washington, D C , Edward Spease 
Julius A. Koch, Pittsburgh, Pa , John G Beard 
H Arny, New York, N Y , TY G Gregory 
C W Holton, Newark, N J , E O Kagy 
L L Walton, Williamsport, Pa , Ambrose Hunsberger 
T. J. Bradley, Boston, Mass , A W Pauley 
C W Johnson, Seattle, Wash , E F Carswell 
D F Jones, Watertown, S Dak , Floyd W Brown 
H A B Dunning, Baltimore, Md , S Y Harris 
H C Christensen, Chicago, III , G H Grommet 
Walter D Adams, Forney, Tex , R B J Stanbury 
W Bruce Philip, Washington, D C , Emerson D Stanley 
Robert L Swam, Baltimore, Md , Frank Delgado, Washington D C 
Robert P Fischelis, Trenton, N J , A O Mtckelsen, Portland, Ore 
P, H Costello, Cooperstown, N Dak , Walter D Adams, Dallas, Tex 
George D Beal, Pittsburgh, Pa , Hugo H Schaefer, New York, N Y 
E N Gathercoal, Chicago, HI , Chas H Rogers, Minneapolis, Mmn 
J Leon Lascoff, New York, N Y , R C Wilson, Atlanta, Ga 
A G DuMez, Baltimore, Md , L C Bird, Richmond, Va 
Charles H Evans, Warrenton, Ga , Bernard A Btalk, Detroit, Mich 
B V Christensen, Columbus, O , Paul G Stodghdl, Denver, Colo 
Roy Bird Cook, Charleston, W Va , B V C/;ris/^«5^«, Columbus 0 
Ivor Griffith, Philadelphia, Pa , A P Gegenheimer, Cleveland, 0 
Geo A Moulton, Peterborough, N H 

G A Moulton, Peterborough, N H , Stephen Wilson, Pittsburch Pa 
Earl R Series, Chicago, 111 , Walter A Koepke, Milwaukee Wis 
Sylvester H Dretzka, Milwaukee, Wis , Linnet M Walsh, Burlm 
game, Calif 

Ernest Little, Newark N J, / ^ Af/uooc?, Jacksonville Fla 
Glenn L Jenkins, Lafayette, Ind , Thomas D Rowe, Newark, N J 
Henry H Gregg, Minneapolis, Minn ,M D Pritchard, Buffalo N Y 
Don E Francke, Ann Arbor, Mich , Paul W Wilcox, Philadelphia Pa 
R Q Richards, Fort Myers, Florida, John B Heinz, Salt Lake 
City, Utah 

F Royce Franzoni, Washington, D C , Samuel Silverman, Boston, 
Mass 

N W Stewart, New York, N Y , Jack Davis, Miami Beach Fla 
John B Heinz, Salt Lake City, Utah, John H Butts, Lansing Mich 
John A MacCartney, Detroit Mich , John L Dandreau New York 
N Y 

Joseph B Burt, Lincoln, Neb , Ben Kingwell, Monrovia, Calif 


* Charles Holzhauer died during his term of office aud was succeeded by A R L Dohme, the First Vice-President 


HONORARY PRESIDENTS 


1907-08 

Philip C Candtdus, 

1920-21 

John F. Hancock, 

1933-34 

Edward Kremers, 


Mobile, Ala 


Baltimore, Md 


Madison, Wis 

1908-09 

Samuel A D Sheppard, 

1921-22 

John C Wallace, 

1034-35 

J K Lilly, 


Boston, Mass 


Newcastle. Pa 


Indianapolis, Ind 

1900-10 

Enno Sander, 

1922-23 

Thomas D McElheme, 

1935-36 

D M R Culbreth, 


St Louis Mo 


Brooklyn N Y 


Baltimore, Md 

1910-11 

Ewen McIntyre, 

1923-24 

William L DuBois, 

1936-37 

W G Gregory, 


New York, N Y. 


Catskil! N Y 


Buffalo, N Y 

1911-12 

Henry Btroth, 

1924-25 

Louts Emanuel 

1937-38 

li G Ruenzel, 


Chicago, III 


Pittsburgh, Pa 


Milwaukee, Wis 

1912-13 

Thomas F Main, 

1925-26 

W A Frost, 

1938-39 

lY C Anderson, 


New York, N Y 


St Paul Minn 


Brooklyn, N Y 

1913-14 

Albert B Lyons, 

1926-27 

W H Rogers, 

1939-40 

J W Gayle, 


Detroit, Mich 


Middletown N Y 


Frankfort, Ky 

1914-15 

Geo H Schafer, 

1927-28 

Edward MalUnckrodt 

1940-41 

TY P Porterfield, 


£ Madison, la 


St Louis, Mo 


Fargo, N Dak 

1915-16 

Fabtus C Godbold 

1928-29 

F E Stewart, 

1941-42 

J C Peacock, 


New Orleans, La 


Philadelphia, Fa 


Philadelphia, Pa 

1916-17 

J 0 Burge 

1929-30 

E V Zoeller, 

1942-43 

James E Hancock, 


Nashville, 1 enn 


Tarboro, N C 


Baltimore, Md 

1917-18 

W L Deuoody, 

1930-31 

Eite H La Pierre, 

1943-44 

George Judisch, 


Pine Bluff, Ark 


Cambridge, Mass 


Ames, la 

1918-19 

Oliver P Fuller, 

1931-32 

Henry S Wellcome, 

1944-45 

L A Seltzer 


Chicago, III 


London, England 


Detroit, Mich. 

1919-20 

Ahtso B Stevens, 

1932-33 

Charles F Heebner, 

1945-46 

L A Seltzer 


Escondido, CaJ 


Toronto. Can 


Detroit, Mich 
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HONORARY PRESIDENTS {Continued) 


194G-17 

A C Taylor, 

1950-51 

Srnesi G Eberhardt, 

1954—55 

E r Cook, 


Washington, D C 


Indianapolis Ind 


Indianapolis Ind 

1947-J8 

Guslavits A Pfeiffer, 

1951-52 

Curt P n tmmer. 

1955-56 

iMax N Lemberger 


New Yorlw, N Y 


New York. N Y. 


Milwaukee Wis 

1948-i9 

John Culley 

1952-53 

R A Lyman 

1950-57 

r W Nitardj , 


Ogden Utah 


Lincoln Neb 


Brookljn N Y 

1949-50 

Robert C Wilson, 

1953-54 

Eh Lillj . 

1957—58 

F O Tajlor, 


Athens Ga 


Indianapolis, Ind 


S Ft Mitchell 


VICE-PRESIDENTS 


Year 

First Vice-Presidents 

Second Vice-Presidents 

Third Vice-Presidents 

1852-53 

George W Andrews, 

Samuel M Colcord, 

C Augustus Smith, 


Baltimore, Md 

Boston, hiass 

Cincinnati, O 

1853-54 

George D Coggeshall, 

Alexander Duval, 

Charles B Guthrie, 


New York. N Y 

Richmond, Va 

Memphis, Tenn 

1854-55 

Henry T Cummings, 

John Meaktn, 

Joseph Latdley, 


Portland, Me 

New York, N. Y. 

Richmond, Va 

1855-56 

Charles B Guthrie, 

Charles Ellts, 

Henry F Fish, 


Memphis, Tenn 

Pbiladdphia, Pa 

Waterbury, Conn 

1856-57 

John I Kidwell, 

Frederick Stearns, 

Henry T Kiersted, 


Washington, D C 

Detroit, Mich 

New York, N Y 

1857-58 

James Cooke, 

Samuel P Peck, 

A E Richards, 


Fredericksburg, Va 

Benmngton, Vt 

Plaquemine, La 

1858-59 

Edward R 

James O'Gallagher, 

Robert Battey, 


Brooklyn, N Y 

St Louis, Mo 

Rome, Ga 

1859-60 
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R Q Richards 

Newell W Stewart 



R, P Fischelis 

1950-51 

Newell W Stewart 

Thomas D Wyatt 



R. P. Fischelis 

1951-52 

Louis J Fischl 

Mearl D Pritchard 



R. P. Fischelis 

1952-53 

E M Josey 

Paul W Wilcox 



R. P. Fischelis 

1953 54 

Leib L Riggs 

Louts C Zopf 



R. P. Fischelis 

1954-55 

Thomas D Wyatt 

James J Lynch 



R. P. Fischelis 

1955-50 

James J Lynch 

W B Shangraw 



R. P Fischelis 

1956-57 

Troy C Daniels 

John H Butts 



R P Fischelis 

1957-58 

Nicholas Gesoalde 

Ewart A Swinyard 



R P, Fischelis 



OFFICERS OF THE SECTIONS 




SCIENTIFIC SECTION 



Year 

Chairmen 

Secretaries 

Year 

Chairmen 

Secretaries 

1887-88 

7 Robert Baker 

A B L^ons 

3921-22 

H. W. Youngken 

Arno Viehoever 

1888-89 

Emlen Painter 

H M Whelpley 

1922-23 

Arno Viehoever 

J. P Snyder 

1889-90 

Henry M Whelpley 

C F Dare 

1923-24 

J P Snyder 

Paul S Pittenger 

1890-91 

E L Patch 

C S N Hallberg 

1924-25 

Paul S Pittenger 

F. F. Berg 

1891-92 

C S N Hallberg 

H W Snow 

1925-26 

F. F. Berg 

Paul vS Pittenger 

1892-93 

C T P Fennel 

F C Ryan 

1926-27 

J. C Krantz 

Paul S Pittenger 

1893-94 

L E Sayre 

C M Ford 

1927-28 

L. W. Rowe 

Paul S Pittenger 

1894-95 

A R L Dohme 

G B Kauffman 

1928-29 

J C, Munch 

L. W. Rowe 

1895-96 

S P Sadtler 

W C Alpers 

1929-30 

H A, Langenhan 

L. W. Rowe 

1896-97 

IV C Alpers 

V Coblentz 

1930-31 

E E. Swanson 

L. W Rowe 

1897-98 

Edward Kremers 

A B Lyons 

1931-32 

L E. Warren 

L W. Rowe 

1898-99 

Henry H. Rusby 

H V Arny 

1932-33 

W J. Husa 

L W. Rowe 

1899-00 

Frank G Ryan 

Caswell A Mayo 

1933-34 

F E. Bihbtns 

L W. Rowe 

1900-01 

Oscar Oldberg 

Lyman F Kebler 

1934-35 

E. V Lynn 

F. E Btbbtns 

1901-02 

Lyman F Kebler 

Jos W England 

1935-36 

H. M. Burlage 

r E. Btbbtns 

1902-03 

J 0 Schlotterbeck 

Jos W England 

1936-37 

Glenn L Jenkins 

r. E Btbbtns 

1903-04 

W A Puckner 

Eustace H Gone 

1937-38 

B V Christensen 

F E Btbbtns 

1904-05 

Eustace H Cane 

C E Caspart 

1938-39 

C F Lanwermeyer 

f, E Btbbtns 

1905-06 

C. E Caspart 

Daniel Base 

1939-40 

J B. Burt 

F. E Btbbtns 

1906-07 

Retd Hunt 

Vtrgtl Coblentz 

1940-41 

J. M. Dille 

F. E Btbbtns 

1907-08 

Vtrgtl Coblentz 

Chas E Vanderkleed 

1941-42 

W. H. Hartung 

F. E Btbbtns 

1908-09 

Chas E Vanderkleed 

Martin 1 Wilbert 

1942-44 

Charles O. Wilson 

r. L Btbbtns 

1909-10 

Marltn I. Wilbert 

Albert H Clark 

1946-46 

L. W. Hazleton 

Ray S Kelley 

1910-11 

Albert H. Clark 

W 0. Richtmann 

1946-47 

L. C, Zopf 

Ray S Kelley 

1911-12 

W. 0 Richtmann 

C. H, LaWall 

1947-48 

R. E Anderson 

Ray S Kelley 

1912-13 

Frank R Eldred 

Freeman P Stroup 

1948-49 

Paul J. Jannke 

Ray S Kelley 

1913-14 

E A. Ruddiman 

Wilbur L Scot tile 

1949-50 

Raymond P Ahlquist 

Ray S Kelley 

1914-15 

B. Engelkardt 

William Mans6eld 

1950-51 

Earl P. Guth 

Ray S Kelley 

1915-16 

W. L Scovtlle 

E L Newcomb 

1951-52 

Lloyd M. Parks 

Ray S Kelley 

1916-17 

J. L Turner 

W W Stockberger 

1952-53 

Ole Gisvold 

Ray S Kelley 

1917-18 

ir W. Stockberger 

H C. Fuller 

1953-54 

Leroy D Edwards 

(RayS Kelley* 

1918-19 

E N Cathercoal 

A G DuMtz 

\A J McBay 

1919-20 

Jacob Diner 

A G DuMez 

1954-55 

Heber W Youngken 

A J McBay 

1920-21 

A G DuMes 

H W Youngken 

1955-50 

Rudolph H Blythe 

A J McBay 




1956-57 

G P Hager 

A J McBay 




1957-58 

E A Swinyard 

R C Anderson 


* died March 13, 193^ 
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SECTION ON PRACTICAL PHARMACY AND DISPENSING 


Year 

Chairmen 

Secretaries 

Year 

Chairmen 

Secretaries 

1900-01 

//, P, Hynson 

F. TT^ E. Stedem 

1921-22 

Ivor Griffith 

I. 4. Becker 

1901-02 

F. \V. E. Stedem 

Wm. F. Kaeinmerer 

1922-23 

C. B. Washburn 

Robert J, Ruth 

1902-03 

Geo. M. Beringer 

ir»7^*am H, Burke 

1923-24 

R. J. Ruth 

IFm. H. Ford 

1903-04 

William H. Burke 

E. A. Ruddiman 

1924-25 

John C. Krantz, Jr. 

F. J. Blumen- 






schein 

1904-05 

Charles A. Rapelye 

Wm. C. Kirchgessner 

1925-26 

H. C. Newton 

Gustav Bachman 

1905-0G 

Wm. C. Alpers 

H. A. B. Dunning 

1926-27 

A. B. Nichols 

C. V, Netz 

1906-07 

H. A, B. Dunning 

Joseph Weinstein 

1927-28 

A. B. Nichols 

P. H. Dirstine 

1907-08 

Franklin M. Apple 

Joseph Weinstein 

1928-29 

P. H. Dirsline 

H. C. Newton 

1908-09 

L. A. Seltzer 

E. F. Cook 

1929-30 

H. C. Newton 

E. O. Leonard 

1909-10 

0. Ratibeuheimer 

Erich H. Ladish 

1930-31 

Ralph E. Terry 

W. Paul Briggs 

1910-11 

Louis Saalbach 

P. Henry Utech 

1931-32 

W. G. Crockett 

R. E. Terr>* 

1911-12 

P. Henry Utech 

J. Leon Lascoff 

1932-33 

W. Paul Briggs 

R. E. Terry 

1912-13 

J. Leon Lascoff 

F. W. Nitardy 

1933-34 

M. J. Andrews 

R. E. Terry 

1913-14 

1'. W. Nitardy 

Cornelius Osseward 

1934-35 

H. M. Burlage 

L. W. Richards 

1914-15 

Cornelius Osseward 

1. A. Becker 

1935-36 

L. W. Rising 

I.. W. Richards 

1915-16 

Joseph 

H. B. SeCheverell 

1936-37 

H. 4. K. Whitney 

L. W, Richards 

1916-17 

W. H. Glover 

David Stolz 

1937-38 

W. J. Husa 

Louis C. Zopf 

1917-18 

Josiah C. Peacock 

R. W. Terry 

1938-39 

L. W. Richards 

Louis C. Zopf 

1918-19 

R. W. Terry 

Edward Davy 

1939-40 

R. W. Clark 

Louis C. Zopf 

1919-20 

E. A. Ruddintan 

Ivor Griffith 

1940-41 

Louis C. Zopf 

Clark T. Eidsmoe 

1920-21 

Ivor Griffith 

H. M. Faser 






SECTION ON PRACTICAL PHARMACY 


Year 

Chairmen 

Secretaries 

Year 

Chairmen 

Secretaries 

194W2 

W. A. Front 

Clark T. Etdsmoe 

1950-51 

Raymond E. Schmitz 

Elmer M. Plein 

1942-44 

E. P. Guth 

R. W. Clark 

1951-52 

Mary K. Keenan 

Elmer M. Plein 

1944-46 

G. E. Crossen 

A. P. Wyss 

1952-53 

Elmer M. Plein 

S. W. Goldstein 

1946-47 

J. B. Sprowls 

Elmer M. Plein 

1953-54 

Gordon A. Bergy 

S. W. Goldstein 

1947-48 

Charles V. Selby 

Elmer M. Plein 

1954-55 

H. G. DeKay 

S. W. Goldstein 

1948-49 

John Zugich 

Elmer M, Plein 

1955-56 

W. R. Lloyd 

S. W. Goldstein 

1949-50 

Arthur P. Wyss 

Elmer M. Plein 

1956-57 

L. M. Ohmort 

S. W. Goldstein 




1957-58 

S. W. Goldstein 

G. J. Sperandio 



SECTION ON EDUCATION AND LEGISLATION 


Year 

Chairmen 

Secretaries 

Year 

Chairmen 

Secretaries 

1889-90 

P. W. Bedford 

A. B. Stevens 

1921-22 

W. H. Zetgler 

W. F. Gidley 

1890-91 

William Simon 

L. C. Hogan 

1922-23 

W. F. Gidley 

G. A. Bergy 

1891-92 

A. B. Stevens 

L. C. Hogan 

1923-24 

G. A. Berg>’ 

William Mansfield 

1892-93 

R. G. Eccles 

L. C. Hogan 

1924-25 

William Mansfield 

J . G. Beard 

1893-94 

R. G. Eccles 

L. C. Hogan 

1925-26 

J. G. Beard 

H M. Faser 

1894-95 

James M. Good 

C. S. N. Hallberg 

1926-27 

H. M. Faser 

M N. Ford 

1895-96 

C S. N. Hallberg 

Jas. H. Beal 

1927-28 

M. N. Ford 

A. L. 1. Winne 

1896-97 

C. S. N. Hallberg 

Jas. H. Beal 

1928-29 

A. L. J. Winne 

Glenn L. Jenkins 

1897-98 

James H. Beal 

H. G. Webster 

1929-30 

Glenn L. Jenkins 

R. H. Raabe 

1898-99 

A. B. Lyons 

C. B. Lowe 

1930-31 

B. V. Christensen 

C. M. Anderson 

1899-00 

C. B, Lowe 

J. A. Koch 

1931-32 

R. H. Raabe 

C. W. Ballard 

1900-01 

C. B. Lowe 

J. A. Koch 

1932-33 

W. H. Rivard 

C. W. Ballard 

1901-02 

E. G. Eberle 

J. W. T. Knox 

1933-34 

George C. Schicks 

C. W. Ballard 

1902-03 

J. W. T. Knox 

Harry B. Mason 

1934-35 

Oscar E. Russell 

L. W. Rising 

1903-04 

Harry B. Mason 

Wm. L. Cliffe 

1935-36 

C. Leonard O’Connell 

G. A. Moulton 

1904-05 

Harry B. Mason 

Wm. L. Cliffe 

1936-37 

George C. Schicks 

John F. McCloskey 

1905-06 

Oscar Oldberg 

Jos. W. England 

1937-38 

Geo. A. Moulton 

A. 0. Mickelsen 

1906-07 

Oscar Oldberg 

Jos. W, England 

1938-39 

J. F. McCloskey 

Leslie M. Ohmart 

1907-08 

Jos. W. England 

C, H. LaWall 

1939-40 

A. 0. Mtckelsen 

R. T. Lakey 

1908-09 

Jos. TT^ England 

C. H. LaWall 

1940-41 

Leslie M. Ohmari 

F. J. Goodrich 

1909-10 

C. H. LaWall 

Chas. W, Johnson 

1941-42 

R. T. Lakey 

E. J. Ireland 

1910-11 

Chas. ir. Johnson 

W. J. Teeters 

1942-14 

E. J. Ireland 

P. 0. Clark 

1911-12 

John C. Wallace 

W. J. Teeters 

1944-46 

W. F. Sudro 

B. A. Bialk 

1912-13 

W. J. Teeters 

Frank H. Freericks 

1946-47 

J. S. Lucas 

B. A. Bialk 

1913-14 

Hugh Craig 

Frank H. Freericks 

1947-48 

James S. Hill 

Ralph W. Clark 

1914-15 

F. H. Freericks 

R. A. Kuever 

1948-49 

B. A. Bialk 

Ralph W. Clark 

1915-16 

F. H. Freericks 

R. A. Kuever 

1949-50 

Ralph W. Clark 

David W. O'Day 

1916-17 

R. A. Kuever 

C. B. Jordon 

1950-51 

David W. O’Day 

J. L. Voigt 

1917-18 

C. B. Jordon 

ir. F. Rudd 

1951-52 

C. Lee Huyck 

Ralph Mill 

1918-19 

W. F. Rudd 

C. A. Dye 

1952-53'' 

■ J. L. Voigt 

R. A. Walsh 

1919-20 

C. A. Dye 

Edward Spease 

1953-54 

R, J. Mill 

F. L. Mercer 

1920-21 

Edward Spease 

ir. H. Zetgler 

1954-55 

R. A. Walsh 

Hugh Ferguson 




1955—56 

F. L. Mercer 

Albert Picchioni 




1956-57 

H. C. Ferguson 

J. R. McCowan 




1957—58 

A. L. Picchioni 

R. K, Mulvey 



-to 


Yerfr 

1SS7-88 

1888- 89 

1889- 90 

1890- 91 

1891- 92 
18U2-93 

1893- 94 

1894- 95 
1893-96 

1896- 97 

1897- 98 

1898- 99 

1899- 00 

1900- 01 

1901- 02 

1902- 03 

1903- 04 

1904- 05 

1905- 06 

1906- 07 

1907- 08 

1908- 09 

1909- 10 

1910- 11 

1911- 12 
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OFFICERS OF THE SECTIONS {Continued) 
SECTION ON COMMERCIAL INTERESTS 


Chairmen 

Secretaries 

Year 

Chairmen 

A H Hollister 

J W Colcord 

1912-13 

Autumn V Pease 

A B HolUster 

J W Colcord 

1913-14 

C G Ltndvall and 

Leo Eltel 

r B Kilmer 


H B Mason 

Henry Ccnntng 

W L Dewoody 

1914-15 

E H Thtesing 

W H Torbert 

Arthur Bassett 

1915-16 

R S Lehman 

W H Torbert 

Arthur Bassett 

1916-17 

P Henry XJtech 

Wiley Rogers 

Jas 0 Burge 

1917-18 

Robt P Fischelis 

Geo J Seabury 

Jas 0 Burge 

1918-19 

E Fullerton Cook 

Geo J Seabury 

Clayton W Holmes 

1919-20 

H S Noel 

Lewis C Hopp 

E D Avignon 

1920-21 

Adam Wirth 

Joseph Jacobs 

Jas H Babbitt 

1921-22 

Charles W Holton 

Joseph Jacobs 

Jas H Babbitt 

1922-23 

Walter M Chase 

James M Good 

Charles A Rapehe 

1923-24 

Henry B Smith 

Charles A Rapelye 

F W Metssner 

1924-25 

W Bruce PhtUp 

F W Afetssner 

E G Eberle 

1925-26 

Ambrose Hunsberger 

T V Wooten 

Wm C A nderson 

1926-27 

B M Keene 

Wm L Dewoody 

Robert C Retlh 

1927-28 

C L O’Connell 

Charles R Sherman 

Robert C Reilly 

1928-29 

R B Rothrock 

Henry P Hynson 

H D Kmseley 

1929-30 

Denny Brann 

H D Kmseley 

Charles H Atery 

1930-31 

Jos G Noh 

Jacob Diner 

George 0 Young 

1931-32 

Rowland Jones 

Harry B Mason 

Ertch H Ladish 

1932-33 

L M Monell 

IF M Bowman 

G H P Lichthardt 

1933-34 

John A J Funk 

Franklin A1 Apple 

Benj E Pritchard 

1934-35 

Henry Brown 

Ernest Berger 

D W Ramsaur 

1935-36 

R W Rodman 



1936-37 

R T Lakey 


VoL XL VII, No 3 


Secretaries 

William R White 
Grant W Stevens 

David Stolr 
J C McGee 
Robt P Fischelis 
F W Nitardy 
H S Noel 
C O Lee 
Charles W Holton 
B H Etchold 
Henry B Smtlh 
W Bruce Pbthp 
George Judisch 
B M Keene 
C L O’Connell 
R B Rotbrock 
J G Noh 
Rowland Jones 
Leon Monell 
John A J Funk 
Henry Brown 
Robert W Rodman 
R T Lakey 
H F Hem 
J H Goodness 


SECTION ON PHARMACEUTICAL ECONOMICS 


Year 

Chairmen 

Secretaries 

Year Chairmen 

Secretaries 

1937-3S 

Henry F Hem 

Joseph H Goodness 

1948-49 W L CaUff 

E J Ireland 

1938-39 

Paul C Olsen 

Joseph H Goodness 

1949-50 Edward Ireland 

J A MacCartney 

1939-40 

Joseph H Goodness 

C M Brown 




1940-41 

C M Brown 

Ira Rothrock 

1950-51 John A MacCartney 

Francis J O’Brien 

1941-42 

B Olive Cole 

H W Heine 

1951-52 Francis J 0 Brien 

Alvah G Hall 

1942-44 

B R Mull 

Stephen Wilson 

1952-53 Alvah G Hall 

Irving Rubin 

1944-46 

B R Mull 

Stephen Wilson 

1953-54 Irving Rubin 

J W Lansdowne 

1946-47 

Stephen Wilson 

G F Archambault 

1954-55 J W Lansdowne 

Noel M Ferguson 

1947“18 

Stephen Wilson 

E J Ireland 

1955—56 Noel M Ferguson 

Chas C Rabe 




1956-57 G L Scharringhausen Jr BA Smith 




1957-68 H W Pratt 

B A Smith 



SECTION ON HISTORICAL PHARMACY 


Year 

Chairmen 

Secretaries 

Year 

Chairmen 

Secretaries 

1904-05 

Albert E Ebert 

Caswell A Alayo 

1930-31 

J T Lloyd 

L E Warren 

1905-06 

John F Hancock 

C S N Hallberg 

1931-32 

J T Lloyd 

Louis Gershenfeld 

1906-07 

Ewen McIntyre 

Eugene G Eberle 

1932-33 

Louis Gershenfeld 

C O Lee 

1907-08 

E V Howell 

Eugene G Eberle 

1933-34 

Louis Gershenfeld 

C O Lee 

1908-09 

John B Bona 

Eugene G Eberle 

1934-35 

C O Lee 

H W Youngken 

1909-10 

Eugene G Eberle 

John A Dunn 

1935-36 

H W Youngken 

L E Harris 

1910-11 

Jos L Lemberger 

0 Raubenhetmer 

1936-37 

Ix>yd E Harris 

E J Ireland 

1911-12 

0 Raubenhetmer 

Caswell A Mayo 

1937-38 

E J Ireland 

W T Bradley 

1912-13 

John G Godding 

F T Gordon 

1938-39 

Willis T Bradley 

J Hampton Hoch 

1913-14 

W C Alpers 

r T Gordon 

1939-40 

J Hampton Hoch 

L F Jones 

1914-15 

F T Gordon 

A H Clark 

1940-41 

Ivor Gnffith 

F D Stoll 

1915-16 

Charles Holihauer 

G G Marshall 

1941-42 

L F Jones 

R D Bienfang 

1916-17 

W L DuBois 

L E Sayre 

1942^3 

F D Stoll 

K L Kaufman 

1917-18 

L E Sayre 

Hugo Kantrowitz 

1943-44 

F D Stoll 

K, L Kaufman 

1918-19 

Hugo Kantrowitz 

TF 0 Richtmann 

1944-16 

F D Stoll 

K L Kaufman 

1919-20 

IF 0 Rtchimann 

Curt P Wtmmer 

1940-47 

K L Kaufman 

K Redman 

1920-21 

Curt P Wtmmer 

A W Linton 

1947-48 

C M Brown 

R T Lakey 

1921-22 

Curt P Wtmmer 

E G Eberle 

1948-49 

Kenneth Redman 

H George Wolfe 

1922-23 

CIjdeL Eddy 

Robt S Lehman 

1949-50 

Roland T Lakey 

Glenn Sonnedecker 

1923-24 

Clyde L Eddy 

Robt S Lehman 

1950-51 

H George Wolfe 

Edward S Brady 

1924-25 

Robt S Lehman 

L K Darbaker 

1951-52 

Glenn Sonnedecker 

George B Gnffenhagen 

1925-26 

L K Dorbaker 

TI r Sudro 

1952-53 

E S Brad> 

E J Rowe 

1926-27 

TI r Sudro 

E J Kennedy 

1953-54 

George B Gnffenhagen 

G E Osborne 

1927-28 

W P Porterfield 

Ambrose Mueller 

1954-55 

E J Rowe 

George B Griffenhagcn 

1928-29 

L F Kebler 

Geo D Beal 

1955-56 

G E Osborne 

George B Gnffenhageo 

1929-30 

Geo D Beal 

J T Lloyd 

19o6-57 

E R Bonow 

George B Griffenhagcn 




1957-58 

Alex Berman 

George B Gnffenhagen 
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A. PH. A. LOCAL AND STUDENT BRANCHES 

LOCAL BRANCHES 

(Listed alphabetically by branch title) 

Name President Secretary and Address 


Baltimore 

Francis S Balassone 

Central Utah 

Charleston 

Gregory J Skedros 

J Hampton Hoch 

Chicago 

R Dav id Allen 

Cincinnati 

Carl A Swisher 

City of Washington 

Lewis L Frey 

Cuba 

Orlando de la Gandara 

Fresno Madera County 

Greater Los Arrgefes 

Indianapolis 

Stanley F Jones 

Henry Herman 
Lawrence Weaver 

Memphis 

Waldo Smith 

Miami 

Carl Dell 

Michigan 

New Orleans 

New York 

Northern California 

Thomas D Rowe 
Victor J Bradbury 
Frank J Pokornj 

Mane B Kuck 

Northern New Jersey 

Sidney G Schneider 

Northern Ohio 

North Florida 

Northwestern 

Northwestern Ohio 

Oregon 

Philadelphia 

Joseph T Matousek 

Ed J Pierce 

James W Alexander 
Beverly Wisniewski 
Frank W Hollister 
John Lynch 

Pittsburgh I 

Puerto Rico 

J A Bianculh 

A L Monserrate 

Puget Sound 

Dav e Irv me 

Rochester 

Lloyd W Henderson 

Southeast Wisconsin 

R James Bohn 

Southeast Texas 

Arthur Radcliffe 

Southern New Jersey 

Guj Luongo 

St Louts 

George Horne 

Western Nebraska 

Maurice F Blazier 

Western New York 

Robert A Boose 


frank R iltlio, G36 W Lombard St , Baltimore 1 
Md 

Raj mond Spencer 3700 S 20th F Salt Lake Citj , Ltah 
Bett\ C Stamatiades (Mrs), 20S Rutledge An e 
Charleston 15 S C 

James E Geanen, S33 S Wood St , Chicago 12 
III 

Carl A Swisher, (Pres ), 423 West Sth St , Cincinnati 
Ohio 

John S Mitchell Freedman's Hospital, Sixth &. Brv ant 
Sts N W Washington D C 
Hltna Rui£ Mesa Calle 25 No 1055 \ edado Habana 
Cuba 

Ralph F Gee, 127 E Yosemite Madera Calif 
Frederick L Wallace 126 S First St Co\ina Caftf 
Mildred M Wiese, R R 11 Box 67S, Indianapolis 1*^ 
Ind 

Mrs Mary Bowles 4997 Warwick A\ e Memphis 17 
Tenn 

Jack Da\is, 501 Washington Anc, Miami Beach 39 
Fla 

Mary Kalinski 12197 Conant Hamtramck, Mich 
Ben Ba\ly, 15C1 Tulane Ave New Orleans 12 La 
E E Leuallen 115 W 6Sth St , New York N Y 
Mathilde S Herbj’, 565 Montclair Ave, Oakland 6 
Calif 

Michael lannarone, CO Fairmont Terrace East Orange 
N J 

Jack Karlin 437S Neville Rd , Cleveland 21. Ohio 
William S Ware Wares Pharmacj, Branford, Fla 
L R Maxfield, 4234 Scott Terrace, Minneapolis Minn 
Emma S Arvan (Mrs ), 1014 Hugo St Maumee Ohio 
Joseph Leveton 8201 S E 17th Ave , Portland 2, Ore 
Walter F Chamicki, Merck Sharp and Dohme Re 
search Bxv West Point Pa 
Dorothj Monjak, 405 Mam Ave , Ahquippa Pa 
Leo B Lathrouro Univ of Puerto Rico, P O Box 
1912, Rio Piedras Puerto Rico 
Fred B Hirschel, C21 S W 145th St , Seattle GO Wash 
mgton 

Porothj C Blumer, 501 Mam St , West, Rochester S 
N Y 

Eunice R Bonow, 600 W Kilboum Ave , Milwaukee 3, 
Wis 

Ruth Kroeger (Mrs ), 2527 Mc.\voj Dr, Houston 36 
Texas 

Donald K Fenstermacher, 24 E Knight Ave Collmgs 
wood N J 

James R McCowan St Louis College of Pharm &-A11 
Sci Euclid Ave & Parkview PI , St Louis 10 Mo 
Robert T Muldoon, 8 Cedar Lane Village Scottsbluff, 
Nebr 

Clifton F Lord, Jr , Univ of Buffalo School of Pharm 
3435 Mam St Buffalo 14 N Y 


Name 


STUDENT BRANCHES 

(Colleges listed alphabetically by State) 

President Sccrptarv and Address 


Alabama Polytech Institute 
Howard College 

Univ'ersity of Arizona 

Univ ersity of Arkansas 

College of the Pacific 

University of California 

University of Southern California 

University of Colorado 

Univ’ersity of Connecticut 

George Washington Umversttj’ 

Howard Univ ersity 
Florida A &. M Umversitj 

Universitj of Florida 
Southern College of Pharmacy 
University of Georgia 
Idaho State College 
Universitj' of Illmots 

Butler Universitj' 

Purdue Universitj 


Anthony J Brooklere 
Richard B Williams III 

Walter Lindner 

Samuel L Watson 

Kenneth Zentner 

Vincent Sev enetti 

Ignacio M Coronado 

Richard D Fix 

Ronald Jackowitz 

Samuel Toggas 

Sjlv ester Flowers 
Wilbert L Monroe 

Norman C Crews 
James D Garrick 
L L Denton 
Donald J, Novatnj 
Olfeo Lorenzetti 

Herbert Brandt 

Gilbert Kantcr 


Kenneth A Hunt School of Pharmacj , Auburn Ala 
Shelby Feaster, Division of Pharmacj, Birmingham C, 
Ala 

Metta Lou Henderson, College of Pharmacj, Tucson 
Ariz 

Georgie Ransom, School of Pharmacj , Univ of Arkan 
sas Medical Center, Little Rock Ark 
Genellen Mejer, College of the Pacific, School of Phar 
maej , Stockton 4 California 
Bcverlj McKennej , College of Pharmacj , The Medical 
Center, San Francisco 22 Caltf 
Margaret E Hamson College of Pharmacj , Univ ersitj 
Park, Los Angeles 7, Calif 

Sue Crumpacker, College of Pharmacj, Boulder, Colo 
radu 

Dorothj Ann Nishti, Cotres Scej , College of Phar- 
raacj , Box U 92, Storrs Conn 
Eugene Korn School of Pharmacj, 2128 HSt , N W , 
Washington, D C 

Lj dia Cooper, College of Pharmacj*, Washington, D C 
Allan D Johnson, School of Pharmacj, Tallahassee, 
Fla 

Jo Helen Cheek, College of Pharmacj , Gaincsv ille Fla 
Robert H Poole, 233 Walton St N W Atlanta 3, Ga 
D Elizabeth Clifton, School of Pharmacj , Athens, Ga 
Carole Machek, College of Pharmacj, Pocatello, Idaho 
Elizabeth Wassmer College of Pharmacj , 833 S Wood 
St Chicago 12, III 

Franklin O Huff, College of Pharmacj, W 4Cth St , 
Indianapolis, Ind 

Jan Kaffenberg, School of Pharmacj West Lafajette, 
Ind 



42 


Journal of the American Pharmaceutical Association Vol XL\'II, Ko 3 


\ AMP 

Drake Um\ ersit\ 

State Lnuersjtj of Iowa 

Uni'ersttj of Kansas 
University of Kentucky 

1 o> ola Unn erstty 

Xortheast Louisiana State College 

Xavier University 

University of Maryland 

Massachusetts College of Pharmacy 

Xew England College of Pharmacy’ 
Perns Institute 

University of Michigan 

Wayne State University 

University of Minnesota 

University of Mississippi 
St Louis College of Pharmacy 

University of Kansas City 

Montana State University 
The Creighton University 
University of Nebraska 

Rutgers University’ 

University of New Mexico 

Albany College of Pharmacy 

Brookly n College of Pharmacy 

Columbia University 

Pordham University 
St John s University 

University of Buffalo 
University of North Carolina 

North Dakota Agricultural College 

Ohio Northern University 
Ohio State University 

University’ of Cincinnati 

University of Toledo 
Southwestern State College 
University’ of Oklahoma 

Oregon State College 

Duquesne University 

Philadelphia College of Pharmacy 
&. Science 
Temple University 

University of Pittsburgh 

University of Rhode Island 

Medical College of the State of 
South Carolina 
University of South Carolina 
South Dakota State College 
University of Tennessee 

Texas Southern Universitv’ 
University of Houston 

Univ ersity of Texas 

University of Utah 

Medical College of Virginia 

State College of Washington 

University’ of Washington 

West Virginia University 

University’ of Wisconsin 
University of Wyoming 

University’ of Puerto Rico 


STUDENT BRANCHES {continued) 


President 


Secretary and Address 


Bradley A McMain 

Wra T Axline, Jr 

James P Gillett 
James P Arnold Jr 

Carl A Jeansonne 

Roland J I ormand 

Robert L Williams 

Gerald Cohen 

John Conlon 

Fred G Slancy’ 

Donald Anderson 

George Fishman 

Robert Johnson 

James Brunner 

William A Russell 
John Caohara 

Jay’ B Peckham 

John R Stelling 
Richard Laska 
Don Svanda 

Emanuel New mark 

Louella I Romero 

Joseph Chiarclla 

David Farber 

Gerald Donaty 

Alfred J White Jr 
Robert Tillander 

Harold Scarlett 
James Inabinet 

Tony V'eralrud 

Warren Bertram 
William LaMoreaiix 

John C riohr 

Alan Baer 
Larry Taylor 
Don H Frantz 

Robert J Peterson 

William Maher 

Richard Suscha 

Martin Jiunta 

Michael Musulm 

Fred Barrowclough 

George Colbert 

Roy Hudgens 
Richard Wojcik 
G Gary’ Francis 

L V Grant 
Herman A Christian 

Paul Trantham 

Kent Vincent 

Franklin Arthur Robertson 

Milton Ranta 

Wm G Clarke, Jr 

Kent R Hornbrook 

Robert Cleary’ 

Robert Wilson 

Daniel ^labiques 


Janice Edwards, College of Pharmacy, Des Moines 11 
Iowa 

Janice M Hancock, College of Pharmacy, Iowa City 
Iowa 

Jim Salyer, School of Pharmacy, Lawrence, Kansas 
Bill L Stover, Jr , College of Pharmacy, Gladstone 
&. Washington Sts , Lexington, Ky 
Donald L Falcon, Corres Sec’y > College of Pharmacy 
6363 St Charles Ave , New Orleans, La 
Donald J Simon, Sec y Northeast Louisiana State 
College, School of Pharmacy, Monroe, La 
Eva E Celestaine, College of Pharmacy, Palmetto 
Pine Sts , New Orleans 18, La 
Carl AI Caplan, School of Pharmacy, 32 S Greene St 
Baltimore 1, Md 

Elaine Ida Dargie, 179 Longwood Ave , Boston 15 
Mass 

Paul Davignon, 70-72 ilt Vernon St , Boston 8 Mass 
Carolyn Ensign, College of Pharmacy, Big Rapids, 
Michigan 

Flame J. Green, College of Pharmacy, Ann Arbor, 
Mich 

Felicia Boyer, College of Pharmacy, 4841 Cass Avenue, 
Detroit, Mich 

Diane E Erickson, College of Pharmacy, Minneapolis 
14, Minn 

Carole Freeman, School of Pharmacy, Untv ersity. Miss 
Bernice McCarthy, 4588 Parkview PI , St Louis 10, 
Mo 

Carolyn Dickson, School of Pharmacy, 5100 Rockhill 
Rd , Kansas City 10, Mo 

Allegra Naegeli, School of Pharmacy, Missoula, Mont 
Diane Du Puis, College of Pharmacy, Omaha 2, Neb 
Kathleen McCullough, College of Pharmacy, Lincoln 8, 
Neb 

Emily Lyko, College of Pharmacy, 1 Lincoln Ave, 
Newark N J 

Robert T. Standndge, College of Pharmacy, Albuquer- 
que, N Mex 

Nancy Welch, Union University, College of Pharmacj, 
Albany 8, N Y 

Rael Welt, Long Island University, COO Lafayette Ave , 
Brooklyn IG, N Y 

Sandro A Walsh, College of Pharmacy, 115 W C8tb 
St , New York 23, N Y 

Patricia Talt, College of Pharmacy, Bronx 58, N Y 
Stanie> Aaron, College of Pharmacy, 90 Schermerhorn 
St , Brooklyn 1, N Y 

Myrna Burstem, School of Pharmacy, Buffalo 14, N j 
Dorothy Johnson, School of Pharmacy, Chapel Hill 
N C 

Judy Ozbun, School of Pharmacy, State College Sta 
tion, Fargo, N D 

Deanne Wilson, College of Pharmacy, Ada, Ohio 
Nancy Ellen Scott, College of Pharmacy, Columbus 10, 
Ohio 

Jack C Pickett, College of Pharmacy, Cincinnati 21, 
Ohio 

Sharon McGinnis, College of Pharmacy, Toledo 0, Ohio 
Patsy Fryar, School of Pharmacy, Weatherford, Okla 
Ima Jane Wood Kendall (Mrs ), College of Pharmacy, 
Norman, Okla 

Marilyn Nan Steele, School of Pharmacy, Corvallis, 
Oregon 

Rose Alarie Cardiello, School of Pharmacy, 804 Bluff 
St , Pittsburgh 19, Pa 

Lucille Tnmarco, 43rd Kingsessing & Woodland Ave-^ , 
Philadelphia 4, Pa 

Barbara Ricca, Corres Sec’y , School of Pharmacy, 
3223 N Broad St , Philadelphia 40, Pa 
Patricia Neal, School of Pharmacy, 3630 Terrace St , 
Pittsburgh 13, Pa , , 

Susan Hirsch Sec'y , Univ of Rhode Island, College of 
Pharmacy, Kingston, R I . , 

Keith Denny, School of Pharmacy, 16 Bee St , Charles 
ton, SC , c- r- 

Shirley Snyder, School of Pharmacy, Columbia S C 
Constance Teig, College of Pharmacy, Brookings, S 1^ 
Faye McGinnis, School of Pharmacy, Box 169, Mem 
phis, Tenn 

Dorcas Bell, School of Pharmacy, Houston 4 Texas 
Alartha Ann Parker, College of Pharmacy, 3801 Ciilieu 
Blvd , Houston, Texas 

Feggy Lipscomb, Corres Sec’y , College of Pharmacy, 
Austin, Texas , 

Darla Strate, College of Pharmacy, Salt Lake City i. 

Utah — , 

Adrain Eugene Andes, Jr , School of Pharmacy, Kicii 
mond, Va ^ ,, 

Dorothy Parsell Britt, School of Pharmacy, Pullman 
Wash . .. 

Carol L Gillespie, College of Pharmacy, Seattle, u asii 
ington , 

Margaret Winter, College of Pharmacy, Morgantown, 
West Va 

Jane Kelsey, School of Pharmacy, Madison, Wis 
John Hickman, College of Pharmacy, Laramie, wy 

ElSt™!. Badillo, College of Pharmacy. Rio Piedras, 
Puerto Rico 
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NATIONAL PHARMACEUTICAL ASSOCIATIONS 

Namb Secrbtary Name Secretary 


American Association of Col*! 
leges of Pharmacy 

American College of Apothe 
caries 

American Drug Manufactur 
ers Association 

American Institute of the 
History of Pharmacy 

American Pharmaceutical As 
sociation 

American Pharmaceutical 
Manufacturers' Association 

American Society of Hospital 
Pharmacists 

Canadian Conference of 
Pharmaceutical Faculties 


Canadian Pharmaceutical As 
sociation 


G L Webster, 833 S Wood 
St, Chicago 12. Ill 
Robert E Abrams, Hamilton 
Ct , 34th &. Chestnut, Phila- 
delphia 4, Pa 

Karl Bambach, 504-507 Albee 
Bldg , Washington 5, D C 
Ernst W Stieb, School of 
Pharmacy, Univ , of Wiscon- 
sin, Madison 6, Wis 
Robert P Fischelis, 2215 Con- 
stitution Ave N W , Wash 
ington 7, D C 

J O'Neill CIoss, 30 Rockefeller 
Plaza, New York 20, N Y 
Gloria N Francke, 1020 Fer- 
don Rd , Ann Arbor, ^fich 
R M Baxter, Univ of Tor- 
onto, Ontario College of 
Pharmacy, Toronto Ont , 
Canada 

J C Turnbull, Sec Mgr , 221 
Victoria St , Toronto, 
Canada 


Federal Wholesale Druggists' 
Association 

Friends of Historical Phar 
macy 

National Association of 
Boards of Pharmacy 

National Association of Chain 
Drug Stores 

National Association of Re 
tail Druggists 

National Pharmaceutical As 
sociation 

National Wholesale Drug 
gists' Association 

Parenteral Drug Association 

Proprietary Association of 
America 


R C Schlotterer, 2 Lexington 
Ave , New York 10, N Y 
Robert P Fischelis, 2215 Con 
stitution Ave , N W , Wash 
ington 7, D C 

P H Costello, 77 W Washing 
ton St . Chicago 2, 111 
Carl Willingham, Vanderbilt 
Hotel, 4 Park Ave , New 
York 16, N Y 

J W Darga\el, 205 W 
Wacker Drive, Chicago 0, 
111 

Chauncey I Cooper, Howard 
University, College of Phar- 
macy, Washington, D C 
Harry A Kimbnel 60 E 42nd 
St , New York 17, N Y 
F C Ninger, Warner-Chilcott 
I Res Labs , 113 W 18th St , 
New York. N Y 
James H Merritt, 810 — 18th 
St , N W , Washington 6, 
D C 


STATE PHARMACEUTICAL ASSOCIATIONS 


State Secretary and Address 


Alabama 

Thelma Morns Coburn, Thomas Jeffer- 
1 son Hotel, Birmingham 3 

Arizona 

Alfred J Duncan, 1028E McDonellRd, 
phoenix 

Arkansas 

iWm G Smith, Jr Secy Mgr , 007 Wal 
lace Bldg , Little Rock 

California 

Cecil A Stewart, 701 S St Andrews Pl , 
Los Angeles 5 

Colorado 

Elizabeth Taft, Exec Secy , 207 Kittredge 
Bldg , Den\er 2 

Connecticut 

Paul J Kunkel, 1800 E Mam St , Water- 
bury 

Delaware 

Harry C Zeisig R D 2, Milford 

District of Colum- 

Harold C Kinner, 145 Kennedy St , N W , 

bia 

Rm 5, Washington, D C 

Florida 

R Q Richards PO Box 631, Fort 
Myers 

Georgia 

Regina Baird, Exec Secy , Suite 423, 

■ Grand Theatre Bldg , Atlanta 3 

Idaho 

James J Lynch 410 McCarty Bldg , 
Boise 

Illinois 

Thomas J Vratny, 7 S Dearborn St , 
Chicago 3 

Indiana 

Henry W Heme, 54 Monument Circle, 
Indianapolis 4 

Iowa 

D L Bruner, 540 Des Momes Bldg , Des 
Moines 9 

Kansas 

Clara Miller, 824 Kansas A%e , Topeka 

Kentucky 

E M Josey, 213 St Clair St , Frank 
fort 

Louisiana 

Joe Mary Cleaton, 315 St Charles Ave , 
New Orleans 12 

Maine 

Edward L Allen, 32 State St , Bangor 

Maryland 

Joseph Cohen, 050 W Lombard St , 
Baltimore 

Massachusetts 

Samuel Silverman 11 Beacon St , Boston 
8 

John H Butts, 1812 Michigan National 
Tower, Lansing 8 

Michigan 

Minnesota i 

Henrj W Moen Exec Secy 2388 Uni- 
\ ersity A\ e St Paul 4 

Mississippi 

W W Johnson (Mrs ), Box 541, Uni 
\ ersit> 

Missouri 

John Hoshor, 001 Central Trust Bldg , 
Jefferson Citj 

Montana 

R C Dean, P O Box 908, Helena 


State Secretary and Addkbss 


Nebraska 

Cora Mae Briggs, 414 Federal Securities 
\ Bldg , Lincoln 8 

Nevada 

Peter Codner, P 0 Box 2307, Reno 

New Hampshire 

Grace Hannan (Mrs), 17 Gro\c St, 

1 Peterborough 

New Jersey 

John J Debus, 118 W State St , Trenton 
8 

Nelda Orme, 122 Harvard Drive, SE 
Albuquerque 

New Mexico 

New York 

Nicholas S Gesoalde, 117 E G9th St , 
New York 21 

North Carolina 

Wm J Smith, Drawer 151, Chapel 
Hill 

North Dakota 

A1 Doerr, Napoleon 

Ohio 

James D Cope, 33 N High St , Columbus 

Oklahoma 

Elbert R Weav er. Box 510, Stillwater 

Oregon 

Henrj A Speckman Mgr , 709 Jackson 
Tower, Portland 5 

K B Farwell, Sec> , Farwell Pharmacy, 
Stayton 

Pennsylvania 

Sam Price, 508 N Third St , Harrisburg 

Puerto Rico 

L>dia A Miranda (Mrs ), Apartado 200, 
Roosevelt, Puerto Rico 

Rhode Island 

Charles Butterfield, Jr , 428 Industrial 
Bank Bldg , Providence, R I 

South Carolina 

J M Plaxco, 4 E S Mam St , Due 
West 

South Dakota 

Bliss C Wilson, Box 38, Pierre 

Tennessee 

Tom C Sharp, 400 Vendome Bldji 
Nashville 3 

Texas 

C J M Roesch, Austin Savings Build 
mg, Austin 2 

Utah 

H Ward McCartj , 1080 E 21st So , Salt 
Lake Cit> 1 

Vermont 

Mabel B Clifford Bethel 

Virginia 

James 0 Hubbard, Jr , 1105 E Claj St , 
Richmond 

Washington 

H E Henderson 824 White Bldg. 
Seattle 

West Virginia 

William J Dixon Sec Mgr , Lock Drawer 
119, Oak Hill 

Wisconsin 

Jennings Murph> , 161 W Wisconsin Av e , 
Ml waukee 

Wyoming 

Harold C Prahl Laramie Drug, Lara- 
mie 
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COLLEGES OF PHARMACY 


Institutions accredited by the American Council on Pharmaceutical Education listed alphabetically by Slate 
'sTamc Deav or Director Name Dean or Director 


Alabama Polj technic Insti 
tute School of Pharmacy 
Howard College Dnision of 
Pharmacj | 

Universitj of Arizona Col 
lege of Pharmacy 
Uni\ersityof Arkansas 
School of Pharmacy 

College of the Pacific School 
of Pharmacj 

Universit> of California Col 
lege of Pharmacy 
Universitj of Southern Cali 
forma College of Fhar 
mac> 

Uni\ersit> of Colorado Col 
lege of Pharmacy 
University of Connecticut 
College of Pharmacy 
George Washington Univer 
sity School of Pharmacy 
Howard University College 
of Pharmacy 

Florida Agricultural and Me 
chamcal Unnersity School 
of Pharmacy 

University of Florida College 
of Pharmacy 

Southern College of Phar 
macy 

University of Georgia School 
of Pharmacy 

Idaho State College College 
of Pharmacy 

University of Illinois College 
of Pharmacy 

Butler University College of 
Pharmacy 

Purdue University School of 
Pharmacy 

Drake University College of 
Pharmacy 

State University of Iowa 
College of Pharmacy 
University of Kansas School 
of Pharmacy | 

University of Kentuckv Col 
lege of Pharmacy 
Loyola University College of 
Pharmacy 

Northeast Louisiana State 
College School of Phar 
macy 

Xavier University College of 
Pharmacy 

University of Maryland 
School of Pharmacy 
Massachusetts College of 
Pharmacy 

New EObland College of 
Pharmacy 

Ferns Institute, College of 
Pharmacy 

University of Michigan Col 
lege of Pharmacy 
Way ne University College of 
Pharmacy 

University of Minnesota 
College of Pharmacy 
University of Mississippi 
School of Pharmacy 
St Louis College of Phar 
macy and Allied Sciences 
University of Kansas City, 
School of Pharmacy 

Montana State University 
School of Pharmacy 
Creighton University, Col 
lege of Pharmacy 


LynnS Blake Auburn Ala 

I Woodrow R By mm Dir Div 
of Pharmacy Birmingham 6 
Ala 

Wilhs R Brewer Tucson Ariz 

Stanley G Mittelstaedt School 
of Pharmacy Medical Center 
Little Rock Ark 
Ivan W Rowland School of 
Pharmacy Stockton 4 Calif 
T C Daniels The Medical Cen 
ter San Francisco 22 Calif 
Alvah G Hall University 
Park Los Angeles 7 Calif 

C H Waldon Boulder Colo 

H G Hewitt Box U 02 
Storrs Conn 

Charles W Bliven Washing 
ton 6 D C 

Chauncey I Cooper Wash 
ington D C 

Howard McClain Jr Talla 
hassee 

Perry A Foote Gainesville 
Fla 

Oliver M Littlejohn 223 Wol 
ton St N W Atlanta Ga 
Kenneth L Waters Athens 
Ga 

Laurence E Gale Pocatello 
Idaho 

George L Webster 833 S 
Wood St Chicago HI 
Karl L Kaufman West 
4fith St Indianapolis 7 
Ind 

Glenn L Jenkins West Lafa 
yette Ind 

Byrl E Benton Des Moines 
11 Iowa 

I ouis C Zopf Iowa City 
Iowa 

J Allen Reese Lawrence 
I Kans 

Earl P Slone 104 W Chest 
nut St , I ouisville 2 Ky 
Edward J Ireland Acting 
Dean New Orleans La 
Ralph M Wilson Monroe La 


Lawrence F Fernng New 
Orleans IS La 

Noel E Foss Baltimore 1 Md 

H C Newton 179 Longvvood 

' Ave , Boston 15 Mass 

LeRoy C Keagle Pres 70 

I Mt Vernon St , Boston 8 

I Ivlass 

lEdward P Claus Big Rapids 
Mich 

Tom D Rowe, Ann Arbor, 
Mich 

Stephen Wilson Detroit 20 
Mich 

George P Hager Minneapolis 
14 Almn 

Elmer L Hammond, Univer- 
sity, Miss 

James R Thayer 4588 Park 
view PI St Louis 10 Mo 

Leslie L Eisenbrandt 5100 
Rockhill Rd Kansas City, 
Mo 

Robert L Van Horne Mis 
soula Mont 

Salvatore J Greco Acting 
Dean Omaha 2 Nebr 


University of Nebraska, Col 1 
lege of Pharmacy ] 

Rutgers University, Collegei 
of Pharmacy 

University of New Mexico 
College of Pharmacy 
Columbia University, Col 
lege of Pharmacy 
Fordham University College 
of Pharmacy 

Long Island University 
Brooklyn College of Phar 
macy 

St John s University, Col 
lege of Pharmacy i 

Union University Albany] 
College of Pharmacy I 

University of Buffalo, Schoolj 
of Pharmacy 

University of North Carolina 
School of Pharmacy 
North Dakota Agricultural 
College, School of Phar 
macy 

University of Cincinnati Col 
lege of Pharmacy 
Ohio Northern University, 
College of Pharmacy 
Ohio State University, Col 
lege of Pharmacy 
University of Toledo, Col 
lege of Pharmacy 
Southwestern State College 
Department of Pharmacy 
University of Oklahoma 
School of Pharmacy 
Oregon State College, School 
of Pharmacy 

Duquesne University, School 
of Pharmacy 

Philadelphia College of Phar 
macy and Science 

Temple University, School of 
Pharmacy 

University of Pittsburgh 
School of Pharmacy 

University of Rhode Island 
College of Pharmacy 
Medical College of the State 
of South Carolina, School 
of Pharmacy 

University of South Carolina 
School of Pharmacy 
South Dakota State College 
Division of Pharmacy 
University of Tennessee 
School of Pharmacy 
University of Texas College 
of Pharmacy 

Uuiversity of Houston Col 
lege of Pharmacy 
Texas Southern University 
School of Pharmacy 
University of Utah, College 
of Pharmacy 

Medical College of Virginia 
School of Pharmacy 
State College of Washington 
School of Pharmacy 
University of Washington 
College of Pharmacy 
West Virginia University , 
College of Pharmacy | 

University of Wisconsin 
School of Pharmacy 
University of Wyoming, 
College of Pharmacy 
University of Puerto Rico 
College of Pharmacy 


Joseph B Burt, Lincoln 8 
Nebr 

Roy A Bowers I Lincoln Ave 
Newark 4, N J 
E L Cataltne, Albuquerque 
N Mex 

E E Leuallen 115 W 6Sth 
St , New York 23 N Y 
Albert J Sica, New York 58 
N Y 

Arthur G Zupko COO Lafa 
I yette Ave Brooklyn IG 
I N Y 

(Andrew J Bartilucci 90 Scher 
' merhorn St Brooklyn 1 
' N Y 

Francis J O’Brien, Albany 8 
N Y 

Daniel H Murray, Buffalo 14 
■ N Y 

E A Brecht, Chapel Hill 
N C 

Chfton E Miller, Fargo N 
Dak 

Joseph F Kowalewski, Cm 
cmnati 3, Ohio 
Albert C Smith, Ada Ohio 

Lloyd Parks Columbus 10 
Ohio 

Charles H Larwood Toledo 6 
Ohio 

W D Strother, Weatherford 
OUa 

Ralph W Clark, Norman 
Okla 

George E Crossen, Corvallis 
Oreg 

John G Adams, Pittsburgh 
19. Pa 

Ivor GnflSth 43rd St and 
Kingsessing Ave , Philodel 
phia 4, Pa 

J B Sprowls, 3223 N Broad 
St , Philadelphia 40, Pa 
Joseph A Biancullt Acting 
Dean, 3030 Terrace St 
Pittsburgh 13, Pa 
Heber W Youngken Jr 
Kingston, R I 

William A Prout, Charleston 
16. S C 

Robert W Momson Acting 
Dean, Columbia, S C 
Floyd J LeBlanc, Brookings 
S Dak 

Karl J Goldner, Memphis 3 
Tenn 

Henry M Burlage, Austin 12 
Tex 

N M Ferguson, Houston 4, 
Tex 

Hurd M Jones, Houston 4 
Tex 

L David Hmer, Salt Lake 
City, Utah 

Warren E Weaver, Richmond 
19. Va 

Haakon Bang, Pullman Wash 

Jack E Orr, Seattle 5 Wash 

J Lester Hayman, Morgan 
town, W Va 

(Arthur H Uhl, Madison 6 
( Wis 

David W ODay, Laranue 
Wyo 

Luis Torres-Diaz Rio piedms 
' Puerto Rico 
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Alaska 

Arizona 
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STATE BOARDS OF PHARMACY 


Connecticut 
Delaware 
D C 


Iowa 

Kansas 

Kentucky 

Louisiana 

Maine 

Maryland 

Massachusetts 

Michigan 


Mississippi 

Missouri 

Montana 


Secretary and Address 

E W Gibbs, 1930 Cahaba Rd , Binning 
ham 9 

Francis C Bowden, Box 800, Anchorage 
Alfred J Duncan 1028 East McDowell 
Rd , Phoenix 

Frank T Blackburn Wallace Bldg Little 
Rock 

Floyd N Heffron, 507 Polk St , San Fran- 
cisco 2 

Ralph E Kemp, 619 Majestic Bldg , Den 
ver2 

Felix Blanc State Office Bldg , Hartford 6 
Harry C Zeisig R D 2, Milford 
Harold C Kinner, 301 Kennedy St , N W 
Washington 

F A Canova Exec Sec Fla Board of 
Pharm , P O Box 399 Games\ille 
Cecil L Clifton, Jt Sec , State Capitol, 
Atlanta 3 

James J Lynch, 414 McCarty Bldg , Boise 
Frederic B Selcke, Supt of Regis , Dept of 
Regis &. Educ , Springfield 
Ira V Rothrock, State House, Indian 
apolis 4 

JohnF Rabe State House, Des Moines 
John Schrepel, Pratt 
E M Josey, 213St Clair St , Frankfort 
Eugene W Vogt Femday, La 
David Kennedy, Millbridge Me 
Francis S Balassone, 2411 N Charles St , 
Baltimore 18 

Louis J Rossetti, State House, Boston 8 
O K Grettenberger Dir , Drugs & Drug 
Stores, 115 Stevens T Mason Bldg Lans 
ing 26 

Harry W Carlsen, 3965 Minnehaha Ave , 
Minneapolis 6 
Chester E Jones, Jackson 
Lloyd Tracy, State Capitol Jefferson Cit> 
Emil Schoeuholzer 23 N 27th Billings 


Nevada 
New Hamp 
shire 

New Jersey 
New Mexico 
New York 

North Carolina 
North Dakota 
Ohio 

Oklahoma 


Pennsylvania 

Puerto Rico j 
Rhode Island 

South Carolina 
South Dakota 
Tennessee 


Vermont 
Virgin Islands 


Washington 
West Virginia 
Wisconsin 


Wyoming 


Secretary and Address 

Husted K Watson, Dir , Bur Exam 
Boards btate House, Lincoln 9 
W L Menthew, Box 1087, Reno 
Rodne\ A. Griffin II, 4Q Pleasant St 
Portsmouth 

Michael C Vitale 28 W State St Trenton 8 
Pat Hollis 217 E Palace A\e Santa Fe 
Austin M Johnston, Education Bldg, 
Albany 1 

H.C McAllister Box 471, Chapel Hill 
A1 Doerr Napoleon 

M N Ford, 21 W Broad St , Columbus 15 
J C Cobb 424 Hightower Bldg , Okla 
homa Cit> 5 

Harland E Belscamper 707 State Office 
Bldg Portland 1 

Jacob H Katz Acting Secretarj , Box 911 
Harrisburg 

Joaquin Mercado Cruz Box 3271 San Juan 
J J Cahill, Et Officer, Food &. Drug Con 
trol, State Office Bldg , Prov idence 2 
T D Wyatt, Box 1563 Spartanburg 
Bliss C Wilson, Pierre 
Robert T Walker, Bennie Dillon Bldg , 
Nashville 

Walter Cousins, Jr 518 Interurban Bldg , 
Dallas 

Frank E Lees Dir , Dept of Business 
Regis , Regis Div , Salt Lake City 
John F Stephens, Vergennes 
Oswald Heath, Chmn Board of Pharmacj , 
Charlotte Amalie, St Thomas 
Ralph M Ware. Jr, 1103 E Main St, 
Richmond 19 

A1 J Bai]e> , 309 Douglas Bldg , Seattle 
Roy Byrd Cook, Box 467, Charleston 28 
S H Dretzka 794 N Jefferson, Milwaukee 
2 

R S Halliwell, Lovell 


NATIONAL PHARMACEUTICAL PUBLICATIONS 


Editor or Manager 


Editor or Manager 


American Druggist 

American Journal of Hospital 
Pharmacy 

American Journal of Pharma 
ceutical Education I 


American Journal of Pharmacy 


American Professional Phar 
macist 

Chain Store Age — Druggist 
Edition 

Drug and Allied Industries 


Drug and Cosmetic Industry 


Irvmg Rubiu, 250 W 55th 
St . New York 19 N Y 
Don E Francke University 
Hospital, Univ of Mich 
Ann Arbor Mich 
Meh in R Gibson School of 
Pharmacy, State College of 
' Washington Pullman 
Wash 

I Lin wood F Tice, 43rd St 
and Kingsessing Ave , 
Philadelphia 4, Pa 
^Madeline Oxford Holland 
1447 Northern Blvd, 
Manhasset L I , N Y 
D Q Mahler 2 Park Ave , 
New York 16 N Y 
O J Willoughby, 1070 
Spring St , N W , At- 
lanta, Ga 

Thomas R Farrell, 101 W 
31st St , New York 1, 
N Y 


Drug Topics and Drug Trade 
News 

El Farmaceutico ) 

Pharmacy International / 

Journal of the American Phar 
maceutical Association 
Practical Pharmacy Edition 
Journal of the American Phar 
maceutical Association 
Scientific Edition 
N A B P Bulletin 

N A R D Journal 


Oil, Paint and Drug Reporter 
The Voice of the Pharmacist 


The Wholesale Drug Salesman 


Robert L Swam loo E 44th 
St New York 17 N V 
Robert H Johnston 3S0 
Fourth Ave New \ork 1C 
N V 

L W Martin 221o Conslitii 
tion Ave N W Washing 
' ton D C 

Justin L Powers 2215 Con 
stitution Ave , N W , 
Washington D C 
F T Mahaffej 77 W Wash 
I ington St , Chicago 2 111 
Peter J Sletterdahl 205 W 
Wacker Drive, Chicago 0 
III 

Hugh Craig 30 Church 
St New York 7. N Y 
Robert E Abrams Man Fd 
itor 39th & Chestnut Sts 
Phila Pa 

Hugh O Malley, 221 N 
I LaSalle St Chicago III 


NATIONAL RELATED PROFESSIONAL ORGANIZATIONS 


Name Secretary or Director 


American Association for the Dael Wolfle Executiv e Officer, 
Advancement of Science 1515 Massachusetts Ave , 


Advancement of Science 1515 Massachusetts Ave , 
N W , Washington 5 D C 

American Chemical Society Alden H Emery, 1155 Six- 
teenth St , N W , Washing- 
ton 6, D C 

American Dental Association Harold Hillenbrand, 222 H 
Superior St , Chicago II 
III 

American Hospital Assocta- Edwin L Crosby, Er Dir , 18 
tion E Division St , Chicago 10, 

111 


American Medical Associa 
tion 

American Nurses Associa 
tion 

American Public Health As 
sociation 

American Social Hjgiene As 
soaalion 

American Veterinary Medical 
Association 

National Health Council 


Secretary or Director 


George F Lull, 53o N Dear 
born St , Chicago 10, III 
Ella Best, Ex Sec , 2 Park 
Ave New York 16 N Y 
Berw>n F Mattison 1790 
Broad wa> New York 19 
Conrad Van Hyning, 1790 
Broadwaj , New York, N Y 
J G Hardcnbergh COO S 
Michigan Ave , Chicago 5 
Philip E R>an Ex Dir, 1790 
Broadwa>, New York 19 
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SECTIONAL, STATE, AND LOCAL PUBLICATIONS 

Name Editor or Manager Name Editor or Manager 

Missouri Pharmacist 


Alleghenj County Pharmacist 

I 

Apothecary 
Arizona Pharmacist 
Arkansas Pharmacist 
C R D A News 
California Pharmacy 

Carolina Journal of Pharmacy 

Central Pharmaceutical Jour 
nal 

Cincinnati Academy of Phar 
macy News 

Cleveland Academy of Phar 
macy Journal 
Connecticut Pharmacist 

Delaware Pharmacist 

I 

Delaware County (Penna ) 
Pharmacist 
Drug Progress 

El Boticano 

Florida Pharmaceutical Jour 
nal 

Indiana Pharmacist 

I 

Iowa Pharmacist | 

K P A News 
Kentucky Pharmacist 
I ouisiana Pharmacist | 

Maryland Pharmacist 
Michigan Journal 

Mid Atlantic Apothecary 

I 

Mid western Druggist ^ 

Minnesota Pharmacist j 


Wm H Whitman 2200 
5th Ave , Pittsburgh 19, 
Pa 

John L Heaton 370 Boyls 
ton St Boston 16 Mass 
A J Duncau 1028 E Me 
Dowell St , Phoenix Ariz 
Wm G Smith, 607 Wallace 
Bldg , Little Rock, Ark 
John M Myers 32 W Ran* 
dolph St Chicago 111 
James W Gentr> 701 So St 
Andrews Place Los Angeles 
5 Calif 

W J Smith, Box 151 Chapel 
Hill, N C 

Joseph J Shine, 221 N La 
Salle St Chicago 1, 111 
J r Donahue 7404 Juler 
A\ e Cmcmnati 43 Ohio 
Larry A Shatten 1935 Euclid 
A\e Cleveland 15 Ohio 
Raymond E Mercier 196 
Greenway St Hamden 15, 
Conn 

Harry C Zeisig 407 Dela 
ware Ave , Wilmington, 
Del 

A Lauter, 1582 Chichester 
A\ e , Lmwood Pa 
Thomas J. Vratny, 7 South 
Dearborn St , Chicago III 
E L Cataline, Editor, 122 
Harvard Dr S E Albu- 
querque, N M 
R Q Richards Tort Myers, 
ria 

Henry W Heme 54 Monu- 
ment Circle Indianapolis 4, 
Ind 

Dal Bruner, 540 Des Moines 
Bldg , Des Moines 9, Iowa 
Clara B Miller, 824 Kansas 
Ave , Topeka, Kans 
E M Josey, 213 St Clair 
St , Frankfort, Ky 
Richard G Drown, Jr, 219 
Carondelet Bldg , New Or- 
leans 12, La 

Joseph Cohen, 050 W Lom- 
bard St , Baltimore 1, Md 
R T Lakey, 709 Francis 
Palms Bldg , Detroit 1, 
Mich 

James S Talbott, 5th &. Jersey 
Ave , Gloucester, N J 
J Leo McMahon, 6550 Troost 
Ave , Kansas City, Mo 
Henry M Moen 2388 Uni 
versity Ave , St Paul, 
Minn 


National Capital Pharmacist 


Nebraska Mortar and Pestle 


New Jersey Journal of Phar 
macy 

New York State Pharmacist 

Northern California Drug 
News 

Northwestern Druggist 


Ohio Pharmacist 
O V D A Review 
Oklahoma Pharmacist 
Oregon Pharmacist 
P A R D Bulletin 


Pacific Drug Review 

Pennsylvania Pharmacist 

Rocky Mountain Druggist 

St Louis Retail Druggists 
News 

South Dakota Journal of 
Medicine and Pharmacy 
South Jersey Pharmacist 

Southeastern Drug Journal 


Southern Pharmaceutical Jour 
nal 

Texas Druggist 

Utah Pharmaceutical Associa 
tion Bulletin 

Virginia Pharmacist 


West Coast Druggist 


West Virginia Pharmacist 
Wisconsin Druggist 


John Hoshor, GOl Central 
Trust Bldg , Jefferson City, 
Mo 

Harold C Kmner, 145 Ken 
nedy St , N W , Suite 5 
United Bldg , Washington 
I D C 

^Cora Mae Briggs, 410 Ted 
' Sec Bldg , Lincoln 8, 
Nebr 

A Charles Corotis, 118 \V 
State St , Trenton 8 N J 
David Belles, 117 E 69th St , 
New York 21, N Y 
Geo T Bohlken, 525 Market 
St , San Francisco 5 Calif 
E M Dockstader, 2642 Uni 
versity Ave , St Paul 
Minn 

Jas D Cope, 33 N High St 
Columbus 15, Ohio 
Harold C Freking, 1014 Race 
St , Cincinnati 2 Ohio 
Elbert R Weaver, 620 Mam 
S St , Stillwater, Okla 
H A Speckman, 700 Jackson 
Tower, Portland 5, Oreg 
Hyman C Bogasb, 2017 
Spring Garden St , Phila 
delphia 30 Pa 

W C Felter, 504 Woodlark 
Bldg , Portland 5, Oreg 
Sam Price, 208 W Third St 
Williamsport, Pa 
Verne N Seeley, 1441 Welton 
St , Denver 2, Colo 
Herm Wmkelmann, 5101 
Hampton St Louts D, Mo 
R G Mayer, Aberdeen, 
S Dak 

A Charles Corotis 1 Clinton 
St , Newark, N J 
James H Bishop, Jr , 423 
Grand Theatre Bldg , 
Atlanta 3 Ga 

Walter Cousins Jr 518 Inter 
urban Bldg , Dallas 1 Tex 
M Roesch i2G5 Texas St 
Port Worth, Tex 
H Ward McCarty Suite 221, 
1086 E 2Ist, South, Salt 
Lake City G, Utah 
James O Hubbard, Jr , 1105 
East Clay St , Richmond, 
Va 

Bert Butterworth, 1600 N 
Highland Ave , Hollywood 
28, Calif 

William J Dfxon, P O Box 
119 Oak Hill W Va 
I Jennings Murphy, 161 W Wis- 
consin Ave , Milwaukee, 

1 Wis 


CONFERENCES AND OTHER ORGANIZATIONS 


Name 


Secretary or Director 


Name 


Secretary or Director 


American Council on Phar j 
maceutical Education 

American Foundation for 
Pharmaceutical Education 

Commission on Professional 
Manpower for Pharmacy 

I 

Federation Internationale 
Pharmaceutique | 

Health Information Founda- 
tion 

Health News Institute 


P H Costello, 77 W Washing- 
ton St , Chicago 2 111 
W Paul Briggs, 1507 M St , 
N W , Washington 5, D C 
Robert P Fischelis, Chairman, 
2215 Constitution Ave , 
N W , Washington 7, D C 
Secretary General Dr J W 
Birza, 11 Alexanderstraat, 
The Hague (Netherlands) 
George Bugbee President, 420 
Lexington Ave , New York 
17. N Y 

Chet Shaw, Director, CO East 
42nd St , New York 17. N Y. 


Metropolitan Cities Drug As 
sociation Secretaries 
National Conference of State 
Pharmaceutical Associa 
tion Secretaries 
National Drug Trade Con 
Terence 

Pan American Federation 
The Plant Science Seminar 


United States Pharmacopoeial 
Convention 


John M Myers, 32 W Ran- 
dolph St , Chicago 1, in 
William J Dixon, Box 119 
Oak Hill, W Va 

R C Schlotterer, 2 Lexington 
Ave , New York 10, N Y 
Dr Leonard Piccoli, 745 Fifth 

Avenue, New York 22, N Y 
iDr Prank L Mercer, St Lotus 
College of Pharmacy, St 
Louis 10, Mo 

Adley B Nichols 40 Park 
Ave , New York 10, N Y. 


ALPHABETICAL LIST OF MEMBERS 


HONORARY MEMBERS 

Armstrong, George E. (55), Bellevue Medical Center, 550 First Ave., New York 16, N. Y. 

Cameron, John (27), The Bungalow, Corrie, Arran, Scotland 

Durham, Carl T. (43), Chapel Hill, North Carolina 

Kolthoff, I. M. (24), University of Minnesota, Minneapolis, Minnesota 

Noriega, Juan Manuel (29), National University of Mexico, Mexico City, Mexico 

Parada, Armando S. (30), Carilla 2532, Santiago, Chile, South America 

Urdang, George (32), 1635 Monroe St., Madison, Wisconsin 

Wasicky, Anton Urgoe-Richard (37), Rua Maranhao 600, Sao Paulo, Brazil, South America 


ACTIVE MEMBERS 

The list corrected to December 31, 1957 

Associate (Student) Members are not listed. The names of Life Members are in capitals. 
The number in parentheses after each name indicates the year continuous membership 
began. This list includes active members in good standing as of December 31, 1957, and 
also those members who were not listed in any previous printed list, but who may not 
have continued to be in good standing up to December 31, 1957. Such arrangements have 
been made to assure continuation of availability of a published list of all members in one 
of the Association publications since its origin. 
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Aabel, Bernard (46), 1311 Fern St., N.W,, Washington, 

D. C. 

Aaron, Bernard (S3), 664 Mt. Prospect Ave., Newark 4, 
N. J. 

Aaronson, Malvin S. (S2), 2009 N. S2nd St., Philadelphia 
31, Pa. 

Abarbanel, Abraham M. (46), 109 Ben-Yehudah, Tel- Aviv, 
Israel 

Abber, Herman (52), 34 KIngsdale St., Dorchester 24, 
Mass. 

Abbitt, A. W. (57), 1 Douglas Dr., Warwick, Va. 

Abbott, David L. (47), 7408 S. Halray Ave., Whittier, 
Calif. 

Abbott, Elden R. (55), Rte. 1, Box 349, Mt. Vernon, Wash. 

Abbott, Harold S. (56), .15 Ide Ave., East Providence, R. I. 

Abbott, Henry F. (52), 5 Bellvista Rd., Brookline, Jlass. 

Abbott, John J. (51), 2618 Oakwood, Youngstown, Ohio 

Abbott, Robert D. (52), 47 Mason Terr., Brookline, Mass. 

Abel, William J. (47), 2409 Oaks Dr., Pasadena, Tex. 

Abell, Robert S. (55), 274 Staples Ave., San Francisco, 
Calif. 

Abelman, Charles (54), 69*27 — 76th St., Middle Village 
79, N, Y. 

Abelman, William (55), 640 Elton St., Brooklyn 8, N. Y. 

Abeln, Earl R. (51), 1107 Holman Ave., (Covington, Ky. 

Aber, Robert M. (S3), 237 E. 19th Ave., Homestead, Pa. 

Abou Chaar, Charles (38), American University of Beirut, 
Beirut, Lebanon 

Abraham, Jeremiah E. (55), 49 E. Walnut St., Long Beach, 
N. Y. 

Abraham, Peter R. (S3), 3750 Bonfield Dr., Cincinnati 20, 
Ohio 

Abrahamson, Myrtle F. (48), Salinas Valley Memorial 
Hosp., 450 E. Romie Lane, Salinas, Calif. 

Abram, James S. (52), 1006 W. Fifth St., Lewistown, Pa. 

Abramowitz, Emil (57), 2155 Paulding Ave., New York 62, 
N. y. 

Abramowitz, Sidney (S3), 60 Second Ave., New York 3, 
N. y. 

Abrams, Arthur M. (56), 5632 Clemson St., Los Angeles 
16, Calif. 

Abrams, Harry (43), 829 N. 7th St., Kansas City, Kans. 

Abrams, Jacob L. (57), 20-25 Seagirt Blvd., Far Rockaway, 
New York 91, N. Y. 

Abrams, Jerome (45), 2011 Warrenville Rd., Cleveland 21, 
Ohio 

Abrams, Mark I. (54), 620 Ritner St., Philadelphia 48, Pa. 

Abrams, (j. Paul (40), 1002 S. Gaffey St., San Pedro, 
(Talif. 

Abrams, Robert (46), Hamilton Ct., Philadelphia 4, Pa. 

Abrams, Ronald (53), 1006 Crest Rd., Philadelphia 31, Pa. 


Abramson, Alfred (56), 3620 Bowers Ave., Apt. B, Balti- 
more 7, ild. 

Abramson, Bernard (47), 21 Hazelton Dr., White Plains, 
N. Y. 

Abramson, Morris (54), 39 Hunting Rd., Stop 27, Colonie, 

N. Y. 

Abramson, Philip (46), 285 Clinton Ave., Newark 8, N. J. 

Abramson, William (54), 115-119 Elizabeth Ave., Newark 

8, N. J. 

Abreu, Benedict E. (45), P. O. Bo-x 1656, Indianapolis 6, 
Ind. 

Abreu, Joseph L. (52), 1014 B St., Hayward. Calif. 

Abrutyn, Herbert I. (45), 753 Bergen Ave., Jersey City 5, 
N. J. 

Accurso, James A. (53), 229 — 20th Century, Turlock, Calif. 

Acebo, Margarete A. (53), 777 Franklin Ave., Columbus 5, 
(Jhio 

Aceto, Mario D. G. (53), 638 Smith St., Providence, R. I. 

Acfabacb, Allen E. (57), 5099 Keywest Dr., Dayton 4, Ohio 

Acheson, Robert A. (25), 102 Slade St., Belmont 78, Mass. 

Achuff, Richard W. (56), 814 Clifton Ave., Colltngdale, Pa. 

Acker, ^rl V. (52), 3818 N. 26th St., Tacoma 7, Wash. 

Acker, Herbert K. J. (54), H Div., U.S.S. Des ^loines 
(CA-134), FPO, New York, N. Y. 

Acker, John L. (52), 819 McPherson, Alton, 111. 

Ackerman, Ira N. (49), 2569 W. Second St., Apt. 5*C. 
Brooklyn, N. Y. 

Ackerman, Louis A. (47), 37 Bracewood Lane, Stamford, 
Conn. 

Ackerman, Morris (47), 1816 Manor Dr., Union, N. J. 

Ackerman, Richard A. (54), 609 Armada Rd., Venice, Fla. 

Ackerman, Richard J. (57), 65 Lafayette Ave., SufTern, 
N. Y". 

Ackrom, Howard R. (56), 313 South Ave., DuBois, Pa. 

Aconc, Spartaco A. (52), 60 Arlington St., Boston 16, 
Mass. 

Adair, Guy E. (56), 384 Peachtree St., Med. Arts Bldg., 
Atlanta, Ga. 

Adam. Martin J. (54), 1867 E. Grand Blvd., Detroit 11, 
Mich. 

Adams, Amy K. (44), 1026 N. Fifth St., Reading, Pa. 

Adams. Andrew M. (55), 117 S. Peterboro, (Tanastota, 
N. Y, 

Adams, Antoinette S. (38), 1117 E. 79th St., Cleveland, 
Ohio 

Adams, B. J. (54), 615 Ferris St., S.W., Atlanta, Ga. 

ADAMS, CARSBTE C. (44), Peachtree Sanitarium, 41 
Peachtree PL, N. E., Atlanta, Ga. 

Adams. Lt, j.g. Chauncey C- (51), U.S. Naval Hosp., 
Beaufort, S. C. 

Adams, Dewey H. (50), i6 W. Main, Carnegie, Okla. 
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A.daras, Donna (49), 945 N W 9th St, Grand Prairie, 
fex 

Adams, Eugene V (52), Rte, 1, Ne\\to\%n, OIno 
Adams, H \\ (45), Chickasaw Drug Co, Chickasaw, Ala 

Adams, HarrN W (49), 22^2 N Western A\e, Chicago 
47, lU 

Adams, J L (49), 650 Grande A%e, Box 97, Del Norte, 
Colo 

Adams, John G (53), 3617 Purdue St, Pittsburgh 12, Pa 
Adams, Lacej B (46), 409 S Carraelo A\e, Pasadena 10, 
Calif 

Adams, Milford S , Jr (54), 375 Third St , Pitcairn, Pa 
Adams \\ M (46), 2401 Marshall St, Vicksburg, Miss 
ADAMS, WALTER D (13), lorney, Tex 
Adams, William H, Jr (57), 809— 11th St , S W, 
Birmingham, Ala 

\dam5, \\ illiam R (53), 1121 Tilghman Rd , Wilson, 
N C 

Adan Rius, Adelberto (55), Cristo 111, Camaguey, Cuba 
Addanch, Carlos (54), lUa Betances St , Ma>aguez, P R 
Addington, Henrj W, Jr (48), 1401 E 4ath St, Rich 
mond, Va 

Addleman, Theodore B (47), 137 S Pennsylvania A\e, 
Oberhn, Kans 

•\delman, Morris (49), 46 W State St , Trenton S, N J 
Adelson, Ir\mg (48), 5001 Huntington Ave , Newport 
News, Va 

Adelson, Mar\m B (54), 6349 Crombie, Pittsburgh 17, Pa 
Adelstein, Jerome (45), 434 W Radiance Dr, Greensboro, 
N C 

Adkins, Herbert W (47), 3479 N Shepard Ave, Milwau 
kee 11, Wis 

Adler, Barry A (56), Orchard St, Spring Valley, N Y 
Adler, Jerry (55), 17148 Ilene, Detroit 21, Mich 
Vdler, Mane V C (45), 423 N Ridgeland Ave, Oak 
Park, 111 

Adler, Myra H (50), 31845 Coronet Dr, Farmington, 
Mich 

Adler, Richard H (56), 2512 Cottage Ave, North Bergen, 
N J 

Adolph, Edward H (28), 12 Grandview Ave, Suffern, 
N Y 

\ffleck A J (38), 1008 — 10th St, Sacramento, Calif 
Affleck, Marilyn E (53), 2722 Coleman Way, Sacramento 
18 Cahf 

4iffolder, Louis F (55), 4232 Cadillac Dr, Fort Wayne, 
Ind 


Afifi, Samih Ah (57' 

Afzal, Nasim (51) 

Ltd . Nadir Hous 
\gbabian \ ahagn 
Ave, Dayton Ohio 
\gnew Charles G (55) 1323 — 7th St, 


& Co , (Pak ) 
1 , Pakistan 
pital, 405 Grand 

East Moline, HI 


Agnew W C (52), 108 E Mam St , Everett, Pa 
Af^e Leonard G (49), 5432 Gamor Rd , Philadelphia 31, 

Agress Philip (54) 3409 Kensington Ave, Philadelphia 34, 
Pa 

Agresti. Adolph A (52), 535 Arlington Rd , Erie, Pa 
Ague Charles W (^8), II W Liberty St, Girard Ohio 
Aguilar, Robert G (56), 1620 ^IcKee, Houston 9, Tex 
Aguilar, Thelma N (56), 1278 Calixto Dyco, Paco, Manila, 
P I 

Ahlquist, R P (41) ^led Coll of Georgia, Augusta, Ga 
Ahr, Theodore P (49), 511 — 12th, N W , Albuquerque, 
N Mcx 

Ahrendtsen, Robert M (57), 45 Pearl St, New Hartford, 
N V 

Aide, Olhe (53), 82l W I9th, Costa Mesa, Cahf 
Aiello, Anthony F (52), V A Hospital, Pharmacy, Palo 
Alto, Calif 

\iken, Christopher H (57), 5346 N Oconto Ave, Chicago 
31, HI 

Atkenhead, John (51), 1332 — 15th St, Santa Monica, Cahf 
Aimar Harold A (57), 712 Longfellow Rd , Charleston, 
S C 

\imone, Alfred (54), 132 Highland Cross, Rutherford, 
N J 

\inspan, Robert S (55), 783 Madison Ave, Albany, N Y 
Airston, Margaret (47), 300 N Las Palmas, Los Angeles 

14, (jahf 

Aisenbrey, Edmund E (50), 5211 — 69th St, San Diego 

15, Cahf 

Also, James K (SO), 1406 Tamarind Ave, Los Angeles 
28, Cahf 


Aitchison, John B (56), 2910 N 16th St, Philadelphia 32, 
Pa 

Ajari, Jun Ted (51), 3037 Piedmont Ave, Napa, Calif 
Akerman, R D (46), 112 N Lebanon, Lebanon, Ind 
Akers Milo D (56), 1283 Happy Valley Ave, San Jose, 
Cahf 

Alario, Charles I (47), 680 Kearny ^ve, Arlington, N J 
Albano, Anthony (54), 42-15 Broadway, Long Island City 
3, N Y 

ALBERS, CARL C (25), University Station, Austin, Tex 
Albert, Arnold B (44), 2201 Edgewater Dr C)rIando Fla 
Albert, Stanley (56), 2201 Edgewater Dr, Orlando Fla 
Albert, Stanley M (55), 3001A Furman Blvd, Louisville, 
Ky 

Albertson, Mona L (54), 215V2 S Knoblock St, Still 
water, Okla 

Albrecht, Richard (56), 113 E 9th St Casa Grande Ariz 
Albrecht. William F (48), 3905 Calverton Dr, Hyatts 
Mile, Md 


Albright, A S (47), 1611 Glendale Dr, Marion, Ind 
Albright, Donald H (57), 3282 S 77th Ave, Omaha 14 , 
Nebr 

Albright, E Roy (45), Albright 8. Wood, Mobile, Ala 
Albright, 1 rank (57), 6051 L 24th bt , Indianapolis, Ind 
Albright, George J (33), 2020 Taylor Ave, Racme, Wis 
Albuquerque, Alvaro (52), Rua Marques de Abraiites, 115 , 
Rio de Janeiro, Brazil, S A 
Alcott, Floyd (49), 9 — 9th Ave , N , Hopkins, Minn 
Alderman, Allen M (48), 1555 Highland Ave, Rochester. 
N Y 

Aldous, Duane L (50), 3311 Tiley Dr , N E, Albuqucr 
que, N Me\ 

Aldrich, Clayton B (32), 112 Lucas Lane, Bethesda 14. 
Md 

Aldrich, Darwin F (44), 2303 Union, St Joseph, Mo 
Alekna, Emily A (49), 695 Colman St, Altadena, Cahf 
Alessmi, Dan J (43), Wilshire Blvd, Suite 509, Santa 
Monica, Cahf 

Alewel, Douglas (57), Rhea’s Prescription Shop, Mexico 
Mo 

Alex, Charlotte (57), Brooklyn Coll of Pharmacy, 600 
Lafayette Ave, Brooklyn 16, N Y 
Alexander, Alfred H (52), Branson, Mo 
Alexander, Earl G (49), 631 Broadway, Plainview, Tex 
Alexander, Edgar E (39), P 0 Box 623, Tuskegee Insli 
tute, Tuskegee, Ah 

Alexander, James W (S3), 2701 Monterey Ave, Mmne 
apohs 16, Minn 

Alexander, Jay M (56), 255 Prospect St, East Orange, 
N J 

Alexander, John J (52), 7565 Edgeraont, Cincinnati 37, 
Ohio 

Alexander, Richard L (55), 3101 E Manor Dr, Phoenix, 
Ariz 

Alexander, William J (53), 1402 Alamitos Ave, Long 
Beach, Cahf 

Alexanian, Adrienne D (54), 340 Haven Ave, New York 
33, N Y 

Alfano, Carmine M (55), 338 Atlantic Ave, East Rock 
away, N Y 

Alfieri, Anthony J (47), 6835 Whitehall Ave, Cincinnati 
30, Ohio 

Alfonso, R G (42), 201 S 7th St, Dade City, Fla 
Alford, Charles E (47), Sterling Winthrop Research Inst, 
Rensselaer, N Y 

Alford, David (5lL 37-41 Hams St, Cambridge 40, Mass 
Alford, E E (44L 7201 S E Milwaukee Ave, Portland 
Oreg 

Algazi Herman (55), 240 Bay 20th St, BrookUn H, 
N Y 

Algco, Joseph A (47), 525 Warburton Rd , Hastings on 
Hudson, N Y 

Alger, Norman T (57), 1509 Monroe, Waukegan, 111 
Aliquo, Pvt Joseph V (55), USA Hosp , Camp 
Wojters, Tex 

Allaben, James W (53), 2846 Pittsfield Blvd, Ann Arbor, 
Mich 

Allan, Shirley (50), 1619 S Sherwood Dr, Milwiukee, 
Wis 

Alhr, Samuel S (57), 90 08 — 32nd Ave , Jackson Heights 
69. N Y 

Alldredge, Leslie E (57), 3100 Kessler, Midland, Tex 
Allen, Benjamin F (37), 4416 Hillside Ave, Baltimore 
29, Md 

Allen, Billy J (49), McCallie & Willow, Chattanooga, Tenn 
Allen, C IVlurray (52), 238 Virginia Ave, Cumberland, 
Md 

Allen, Caroll F (42), 1544 E Colorado Blvd , Glendale 5, 
Cahf 

Allen, Charles F (53), P O Box 231, Tampa I, Fla 
Allen, Clark (48), 117 — 9th St, Racine 14, Wis 
Allen, Dame J (56), 353 Arch St , Kittanning, Pa 
Allen, David N (54), 316 E Curtis St , Midwest City, 
Okla 

Allen, Edgard Y (40), 8 Paulus Blvd , New Brunswick, 
N J 

Allen, Edward L (41), 32 State St, Bangor, Maine 
Allen, r H (54). 205 W Second St, Duluth 2, Minn 
Allen, Fred C (34), Marhngton, W Va 
Allen, G E (48), 1309 W First St, McCook, Nebr 
Alien, George R (54), 251 North St, Pittsfield, Mass 
Allen, Tack (49), 802 N Lombard St, Portland 17, Oreg 
Allen, James E (47), 411 S Capitol St, Washington, D C 
Allen, Len W (54), 2728 Laurel, Lincoln 2, Nebr 
Allen, Leonard E, Jr (54), 15007 Eureka RR » Wyan 
dotte Mich ,, , 

Allen, Patricia A (51), 374 Clinton St, Wyandotte, Micii 
Allen, Paul K (56), 6 Craven St , Charleston, S C 
Allen, R David (45), Prudential Plaza, Suite 2112, Chi 
cago 1, 111 ,, . 

Allen Richard D (51), 15007 Eureka, Wyandotte, 

Allen, Thomas E (55), 1218 N 3Ist St, Richmond 23 
Va 

Allen Wilham C, Jr (48), 12 Terrace Ct , Port Chester, 
NY , 

Allen William H (54), McKesson & Robbins, Inc, 216 Y 
Willow St. Syracuse, NY . 

Alleruzzo, Nicholas B (57), 8831 S Wood St , Chicago 
20, HI , , 

Alley, Marion S (36), 1928 Eye St , N W. Washington 
DC ,, 

AIhgood, Jarvis (55), 102 N Eastern St, Grccnvino 
N C 



March 1958 


Active Members 


49 


Alhson» Alwin T , Jr (42)» 1611 Hajes, Wichita Falls, 
Tex 

Allison, Jaj H (50), 1342 Cristina A\e, San Jose 10, 
Calif 

Allison, Louis A, Jr (43), 3812 Ruskm St, Houston 5, 
Tex 

Allison, Marvin H (51), 438-440 Elm St, Reading, Pa 
Allmark, M Gordon (47), Dept of Nat Health &. Wei 
fare. Food & Drug Directorate, Ottawa, Canada 
AHowa>, Barbara Jean (55), 2618 Parade St, Erie, Pa 
Allowaj, S Bascombe (47), 2618 Parade St, Erie, Pa 
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Biasi, Edward C (46), 217 N l^fain St. Bloomington, lU 
Biasmi, Adolph P (53). 3424 A S Utah St. Arlington, 

Riber, Trving (46) P O Box 194, South Orange N T 
Bickcrton, Robert K (52), 331 Devonshire St » Apt ^3 b, 
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Bidot.^Esther (56), 1004 Manila St, Rio Piedras, P R 
Bieler, Henry (55), 5724 N 16th St, Philadelphia 41. Pa 
Bielski, George 1'' (57), 504 S 16th St, Lala^ette, Ind 
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R 1 

Bilyea, Gerald R (51), 2090 E Bristol Rd , Flint 7, Mich 
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39, III ^ „ 

Bissett, Donald H (53), 2307 Jones Rd , Kinston, N C 
Bissett, (jeorge K (48), 69 Mam St, SajrevilJe, N. J 
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Black, William H, Jr (56), ls31 N 25th St, Birmvng 
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Bloom, Paul (54), 2314 Castle Heights A\e, Los Angeles 
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Bloome LMidal A (57), 635 Mtnest> Ct , Lema> 23, Mo 
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Blue, Jerome J (49), 309 ^fonteruma St, Hancock, Mich 
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Blumberg, Harold (55), Endo Labs , Inc , 84 40-— 101st St , 
Richmond Hill IS, N Y 

Blumenfeld, Da\id (53), 9048 Skokie Blvd , Skokie, III 
Blumenfeld Sanford (54) 1501 Elame Terr, Union, N J 
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St , Uniontown, Pa 

BJunienthal, Daniel (49), 239 Ocean A\e, Brooklyn 25, 
N Y 
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N ^ 
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Boaman. Richard L (51), 126 Fenn Ave, Telford, Pa 
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Boatright, Gene (57), Nicholls, Ga 
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Mo 
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Bobhtt. Robert L (55), 5839 Lvndhurst Dr, Houston Tex 
Bobrin, William (51). 9320 Grand River, Detroit 4, Mich 
Bob«t E Walton (34), 120 Llojd Rd , Montclair, N T 
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Bodine, Felton O (47) 3424 N 45th St , Phoenix, Ariz 
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Ohio 
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Bogard, George (57), 327 N 35th Ave, Omaha, Ncbr 
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Bogart, 1 AI (44), Baroness Erlanger Hosp, Pharmacj, 
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delphia 30, Pa 

Bogasli, Philip (52), 6817 Eastridge Rd , Baltimore 7, Md 
Bogash, Ricimrd (53), 252 Wiltshire Rd , Philadelphia 31, 
Pa 

Bogash, Robert (50), 1282 Julia Lane/ North Bellmorc, 
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Bogdanski, Chester J (47), 2378 N Humboldt Ave, Mil 
waukee 12, Wis 

Bogden, Joseph R (53), 421 Second St, Monessen, Pa 
Boge, Ma>nerd S (48), Simi Valle> Pharmacj, 2902 Los 
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Bolt, Robert W (56), P. O Box 573, Gatlinburg. Tenn 
Bolte, Richard F (49), US PHS Hosp, Detroit 15. 
Mich 
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Brown, D W^ (41), 116 S Mam St, Greenville, S C 
Brown, David J (53), 17570 Kentuck>. Detroit 21 Mich 
Brown, Donald B (55), Strong Memorial Hosp , 575 Elm 
wood Ave , Rochester, N \ 

Brow n,^ Donald J (51), 269 Wearing Rd , Rochester 9, 

BROWN, E HOWARD (23), 528 Academy Rd , W'lnm 
peg, Man , Canada 

Brown, Earl T (54), School of Pharmacy* Univ North 
Carolina, Chapel HUl, N C 

Brown, Edwin A (47), 629 \V Sanborn St , W inona Minn 
Brown, Gabriel H (32), Cleveland State Hosp , Turnej 
Rd , Cleveland 5, Ohio 

Brown. George A (49), ilOO Fullerton We. Chicago, II! 
Brown, Gordon B (52L Dept of Pub Health, Health 
Bldg , Regina, Sask , (Tanada 

Brown Grant E , Jr (55), 929 S Trenton A\e , Pittsburgh 
21, Pa 

Brown, H W^esley (50), 423 Hawthorne PI, Keokuk Iowa 
Brown, Harold A (50), 531 E Colorado St, Pasadena I, 
<2ahf 

Brown, Harold R (49), 2726 Erie Ave , Cincinnati 8, Ohio 
Brown, Helen (57), 110 Mam St, Park Ridge, III 
Brown, Henry C, Jr (55), 409 Walnut St, Lynchburg, 
Va 

Brown, Henry P (56), 451 S Hawthorne Rd » Winston 
Salem, N C 

Brown, Herman M (53), 1412 Myrtle St, Scranton, Pa 
Brown J Emmett (41), P O Box 25, Palvika, FJa 
Brown, James M ^7), 910 E Walnut Cushing, Okh 
Brown, James T (57), 8533 Everett, Richmond Heights 
Mo 

Brown, Jerry O (54), Center Drug Co, 9th Ave 8. Pike 
St , Huntsville, Ala 

Brown, John A (51), P 0 Box 62, Dallas Oreg 
Brown, John P (56), 403 Vine St, Lansdalc Pi 
Brown, Joseph (51), 178 Princeton Rd , Audubon, N J 
Brown, Joseph E (57), Rte 5 Kokomo, Ind 
Brown, Larry G (S4L 670 Marquette Dr, Detroit 14, 
Mich 

Brown, Leona R (50), Coll of Pharmacy, Univ of Sas 
katebewan, Saskatoon, Sask , ( anada 
Brown, Marvin E (54), 441 Campbell Ave, Waterloo, 
Iowa 

Brown Mary Lou (50), 738 Maryland Ave, Pittsburgh 
32, Pa 

Brown, Myron L (56), P O Box 1077. Colorado Spring-?, 
Colo 

Brown, Otis T (48), Cambridge State Hosp , Cambridge, 
Ohio 

Brown, Plulhp G (55), 1509 Beach St, Flint 3, Mich 
Brown, Ralph I (54), 917 S I9th Ave. Yakima, Wash 
Brown, 2/Lt Ray D (53), Box 256, James Connally AFB. 
Tex 

Brown, Raymond A (52), Parke Davis 8. Co, Sec 19, 
Detroit 32, Mich 

Brown, Robert A (56), 405 N Renter, West Los Angeles 
49, CaJjf 

Brown, Robert B (57). 630 Fifth Ave. New York 20, 
N Y 

Brown, Robert E (52), 140 N Lafayette, Bremerton, 
Wash 

Brown, Roper D (S3), P O Box 9485, Richmond 28. Va 
Brown, Holland E (42), 221 S Walnut St. Reedsburg. 
Wis 

Brown, Roy T (54), 117 Momingside Dr, Knoxville 15, 
Tenn 

Brown Russell W (52), 110 Bellevue Ave, Pcnndel 1. Pa 
Brown, Ruth F (49), 3821 Whitman Ave , Seattle 3. Wash 
Brown, Scott W (52), Depot St, Richmond. Vt 
Brown, Stanley B (52), 208 Allston St Brighton, Mass 
Brown, Truman E (57), Robert Lee Rte , San Angelo. 
Tex 

Brown, V Jean (53). 602 Tulsa, Norman, Okla 
Brown, W Edwm (47). P O Bnx 491 Onmey, 11! 

Brown. . P. (52), 216 N Main St, Corsicana, Tex 
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Brown Wcim-in C (54), 1323 Betitter Lane, South Bend. 

Brown, Wilburn L (54), Moores Phamiac), Cedartown, 

Crown William A (al), 615 W' Fifth Aie. Pomom, 

Brown, William A (54), 469 S Elm St, Majwood, N J 
Brown, William R (a/), 2236 Maple Ave , Zanesville, 

Browne, Frederic T, Jr (4"), 21S Union St, X^eiv Bed 
ford. Mass ^ , 

Browning Robert A , II (52), 5315 Cantrell Ed , Little 
Rock Ark „ , . , 

Brownlee, Helen (47), 5234 S Abbott A\e, Alinneapolis, 
Mitin ^ „ , , 

Brownlej, Charles A , Jr (53), 7 Maj Terr , I^mon, N J 
Brownlie, Helen H (52), 4151 Tholozan, ijt Louis 16, Mo 
Brownstem, Irwin A (56), 537 Tinton Ave, Bronx 55, 
\ \ 

Brozda Joseph C (47), 306 Howard St, Last Pittsburgh, 
Pa 

Bru, \\ allace H (57), 2800 Fulton St, Berkelej S, Calif 
Brucar, Marcel D (57), 215 W SSth St, Hew \ork 24, 
H \ 

Bruccoli, Joseph M (48), 994 Morris Park Ave, New 
\ork 62, K V 

Bruce, Charles W (54), 1204- — 44th PI , N , Birmingham 
6 , Ala 

Bruce, Edward D (52), 404 Park Ave , Swarthmore, Pa 
Bruce, Frederick (54), 1506 Marlboro Ave, Pittsburgh 
21, Pa 

Bruce, Hallie P (38), 2701 Upton Ave, S, Minneapolis 
16, Minn 

Bruce, John B (47), Coll of Pharmacy, Univ of Okla 
homa, Norman, Okla 

Bruce, Kenneth A (51), 341 Ashland St, Abington, Mass 
Bruce, Thomas E Jr (50), Scottsville Va 
Bruce, illiani C (52), P O Box 8578, Oklahoma Cit>, 
Okla 

Brucker Paul H (56), 232 C Jackson Ave, Schenectady, 
N \ 

Brudno AI 0 (39), 500 Commonwealth Ave, Boston, 

Mass 

Brueckman Carl T (55), 597 Norfolk Ave , Buffalo 15, 
N ^ 

Brueckner, Ingeborg M ( 56 ), 1143 Bresee Ave, Pasadena, 
Cahf 

Bruehlcr, George H (55), 19109 Detroit Bd , Cleveland 
Ij Ohio 

Bruen \Itreda b (56) Twin Maple Farms, Newton, Pa 
Bruer Charles E (06) Jackson Madison Count> Hosp, 
Jack«on, Ttnn 

Bruggeman, Anna M (45), 340 Wmthrop St, Toledo 10. 
Ohio 

Brumbaugh, Shirle) \\ i5S) 209 N Harrison, Lading 
ton Mich 

Brumbaugh, Vance E (42) 3625 Stoner Ave, Reading, 

Pa 

Brumm, Joseph N (54) 4345 Ventura Canyon Ave, 

Sherman Oaks, Calif 

Br^^nberg, Eduard \\ (47) 1 Emerson Ave, Harrison, 

BRUNELLE, ALBERT J (10), 17 School St, Hjannis, 
Mass 

Brunelle, Lucicn R (45), 106 Textile Ave, Lowell, Mass 
Bruner, Dallas L (43), j 40 Des Moines Bldg, Des Moines 
9, Iowa 

Bruner, John L (46), 881 St Clair, Apt 2 St Paul 5 , 
Minn 

Bruner, Lee Ro> (54), 7823 Greendale, Ra>town 33, Mo 
Brunet, Ann S (53), 6019 \oseinite Dr, Cincinnati 13, 
Ohio 

Rrunger, Carroll E (43), 312 W Valle>, El Monte, Calif 
Brum, Roger L (56), 1226 Leeds St , Utica, N Y 
Bru^ner^ William !M (53), 6012 S Komensk), Chicago 

Bruno. Joseph F (54), 47th Field Hosp , 67th GR BAMC, 

J ort Sam Houston, Tex 

Bruno, Matilda M (52), 114 Jewell St, Garfield N T 
Bruns, George (38), 218 — 8th Ave, New York, N Y 
Bruns, Lester G (52), 5648a St Louis Ave, St Louis 
20, Mo 

Bruns, Robert B (54), New Pans, Ohio 
Brunson, Gerald N (57), 37 Township Rd , Dundalk 22, 
Md 

Brusenban, Harrv H (53), 1025 San Francisco, San 
Antonio, Tex 

Bru^enhan, R L (56), 500 Navarro St, San Antonio 5, 
Tex 

Brutti, Mane (54), 5622 Harding, Detroit 13, Mich 
Brvan, Bettvanne (49), IS Coniston Dr, Rochester, N Y 
Brvan, Gordon H (53), Rte 4, W Rattlesnake, Missoula, 
Mont 

Brvan, Hugh D (SO), Mead Johnson Research Labs, 
Evansville 21, Ind 

Brjan Jack T (51), 3333 Old Colony Rd , Kalamazoo, 
Mich 

Brjan, Redfield (55), 1608 Mam St, Baton Rouge 2 . La 
Brvan, Kedick C Jr (48). 62 Marion St, Salmas. Calif 
Brvan, Richard G (51), 1807 Limctree Lane, Mountain 
View, Calif 

Br}ant Albert (57). 2974 Hardeman Sf Hajuard, Calif 
Brvant. Charles C (42), 19963 Hohda> Rd , Crosse 
Pcintc Woods 36, Mich 


Bryant, Solon B (56), 508 — 18th St, Columbus, Gv 
Br^sicz, Donald S (57), 7909 Broad'icw Kd , ClcichuG 
31, Ohio 

Brjson, Dons J (54), 5135 Lexington, St Louis 15, Mo 
Brzozonski, John A (47), 7421 Michigan Ave, Detroit 
10, Mich 


Buatti, Anthony T (50), 52 Oakmont Ave, Hempstead 
I , N y 


L I, 


Bubeck, Percy J (47), P O Box 251, Sclmjlkill Hivci 
Pa 

Bubse>, Charlotte C (46), 894 S Ashburton Rd , Coliirabiu 
13, ()hio 

Buccellato, Josephine (43), 74 Buckingham PI, Ljnbrook, 
N Y 

Bucchanio, Peter J (56), 26 McCarthy St , Fnnklin Ma«s 
Buch, Harry H (32), 135 State St, Harrisburg, Pa 
Buch, Miguel A Santos (37), Linea Calk, No SB"’, 
Bsquina D Vedado, Havana, Cuba 
Buch, Stanley J (49), W King & Charlotte Sts, Lan 
caster. Pa 

Buchalter, Herbert (52), 10 Berkle> Terr, Bldg 6, A|t 
10 A, Irvington, N J 

Buchan, James E (51), 228 Mantua St, Park Forest, III 
Buchanan, Billj C (55), Rte 3, Paragould, Ark 
Buchanan, David B B (46), 25—27 S Second, Saint Chir 
1, Pa 

Buchanan, James H (54), 117 S Mam St, Palestine, III 
Buchanan, Jimmy W (54), Artemus, Ky 
Buchanan, L J (47), Hartmgtoij, Nebr 
Buchenau, Harry P (55), 3668 Bates St , St Louis 10 
Mo 

Bucliholz, Roger M (56), 5l4'/2 E Fourth St, Dululh 
Mmn 

Buchi, Jakob (47), Clausiusstrasse 25, Zurich 6, Switzerland 
Buchi^rnani, John J (54), 292 Mockingbird Lane, Lexing 
ton, Ky 

Buchman, Sidney (52), 2052 E 59th St, Brookljn 34, 
N Y 

Buck, Bernard (56), 1586 Ormond Ave, Cvmden, N J 
Buck, Edward T (49), 8442 Cedarbrook St, Philadelphia 
29, Pa 

Buck, Frederick D (48), 548 Johnson St, Kingston, Ont, 
Canada 

Buck, Robert L (52), 128 Bnghtside Ave, Pikesville S, 

Md 

Buck, Robert R (52), 318 Erie Ave, Glassnort, Pa 
Buck, Robert R (53), Chemical Control Piv , Merck & 
Co, Inc, Rahway, N J 

Buck, William R (47), 4833 Peterson Ave , Chicago 30 
111 

Bucke, William S (47), 526 N Earl Ave, L'if'i>ette, Ind 
Buckingham, Elbert R (45), P 0 Box 87, Roseburg, Oreg 
Buckk), A F (49), 1210 N Walker, Oklahoma City 3 

^ n 

Buckley, Archie P (52), 220 Fairview Ave, Greenville 
Miss 

Buckley, John A (51), 154 Suffolk St, Holyoke, Mass 
Buckley, Joseph P (51), 1264 Arrowood Dr, Pittsburgh 

Pa « 

Buckley, William E (50), 1070 Mather St, Green 
Wis 

Buckman, George A (46), Clinic Bldg, Marshfield, Vis 
Buckner, George S , Jr (55), 417 N 22nd, Lincoln 8 Nebr 
Buckner, Herman (54), 171 Glenvvood St, Malden 48, 
Mass 

Buckner, Rassie B (56), Rte 2, Chesnee, SC 
Buckpitt, Albert E (54), 403 E Alain St, Alonticello, H] 
Buckvvalter, Frank H (47), 105 Lansdowne Rd , Dewitt* 
NY 

Bodd, Sumner T (55), 9 Hutchings St, Roxbury, Mass 
Budde, Jerome A (50), 302 Elm St, Ludlow, K> 
Budic, Peter P, Jr (57), 2133 S SSth St, West Alhs 
19, Wis , , , 

Budoft, David (46), 6 Jerome Dr, Farmmgdale, L t* 

N Y 

Buechler, Coleman (53), 67 Demarest PI, Maywood N J 
Buechlcr, Leonard (47), 117 E Westfield Ave, Roselle 
Park, N J 

Buehler, Carl T (38), 108 S Maple, Eldon, Mo^, , 
Buehring, Harry F (46), 37 S Johnson, Pontiac. Altch 
Buelow, Donald W (43), 3119 Second Ave, S, Alinne 
apolxs 8, Mmn , , 

Buerge, Thomas E (52), 1514 W Union, Midland Midi 
Buerger, George F, Jr (54), 56 Bierer Lane, Uniontown, 
Pa 

Buerstaffe, Richard T, Jr (55), 919 S 8th St, Mamtouoc, 
Wis . 

Bukey, Fred S (23), 4200 Randolph St. Lincoln, Nebr 
Bukowski, Gregory J (50), 11834 S Wentworth, Chicago 
28. Ill or 

Bulda, Frank E (46), St John’s Coll of pharmacy, 76 
Schermerhorn St , Brooklyn, NY _ , 

Bull, Edward R (47), 3232 N Galvez St, New Orleans. 
La 

Bull, George E, Jr (50), 300 Ladera Country Shopped* 
Afenlo Park, Cahf . 

Bullard, Norman B (55), 326 Highland Ave , Upper Alon 
clair, N J 

Buller, Robert H (52), Eaton Labs, Norwich, ^ * 

Bullmgton, Charles (52), 121 C E Hammck Monteiey 
Park, Cahf , 

Bullmgton, E Lee (55), Smith Khnc & French Labs, 
1530 Spring Garden St , Philadelphia 1, Pa 
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BuUis, Fred H <49), Sierra Highlands Pharmacj, 374 
Catherine Dr , South San Francisco, Calif 
Bnllock, Victor C (57), 1519 S I5th E, Salt Lake Clt^, 
Utah 

Bunigarduer, Shtrle> W (54), Rte I, West Jefferson, N C 
Bundt, C R O?)? Toledo Aledical Bldg, 314 Michigan 
St , Toledo, Ohio 

Bund), Kenneth W (55), 2424 Mohank St, Apt 10, East 
Pasadena, Cahf 

Bunting, George A (24), 32nd & Falls Chff, Baltimore II, 
Md 

Buonanno, Anthon> (54), 2139 E 17th St , Brookhn 29, 
N Y 

Buono, Cosmo (47), 850 Kmderkaraack Pd, Ruer Edge, 
N J 

Burack, Da-vid (54), 500 Blue Hills A\e, Hartford, Conn 
Burch, Mane Ann (56), 5217 S Greenwood A\e , Chicago 
15, in 

Burch, Oliver M (55), 515 State Ave, Philadelphia, Miss 
Burchess, B C (57), 700 W Second St, Hastings, Nebr 
Burchfiel, E G , Jr (57), 134 W OakMew PI, San 
Antonio, Tex 

BURCKART, WILLIAM E (47), 510 W 10th St. 
Ene, '^9- 

Burckart, William M (47), Elhcott Drug Co , P O Box 
958, Buffalo 5, N V 

Burckhalter, Joseph H (47), School of Pharmac), Umv 
of Kansas, Lawrence, Kans 
Burden, Paul F (57), 7 Arlene Ct » Pearl Riier, N Y 
Burdick, D I) (25), P O Box 112, Rochester, Minn 
Burfield, Herbert T (56), 910 — •S4th St, Parkersburg, 
W Va 

Burg, Jerome V (49), 246 Park St, Chelsea, Mich 
Burger, James E (55), 73 Cedar St , New Britain, Conn 
Burgeson, Ernest H (52), 716 W Buena Ventura, Colo 
rado Springs, Colo 

Burgess, Donald D (54), 101 N Third St , DeSoto, Mo 
Burgess, John (26), 421 Bloor St, E, Toronto, Ont , 
Canada 

Burgess, Trueman (56), 45101 Cass Ave, Utica, Mich 
Burgeit, Harold W (53), 3024 Charlotte, Jackson, Mich 
Burgher, Vincent A (50), 35 Canoe Brook Pk-w) , Summit, 
N J 

Burke, Bernard M, Jr (52), 29 Richmond Rd , Newton 
58, Mass 

Burke, John P (54), 2755 Creston A\c, Bronx 68, N Y 
Burke, Margaret E (52), 17 Mason Rd , Swampscolt, 
Mass 

Burke, S Robert (43), 73 Mam St, Farmingdale, N J 
Burke, W Arthur (54), 4102 S Lee Lane, Chester, Pa 
Burke, William C (51), 216 Sparling Dr, Rochester 16, 
N Y 

Burkett, Clarence C ^ Jr (49), 9 N Broadway, Pitman, 
N j 

Burkhouse* Kenneth I (46), 237 Main St, Ridgivay, Pa 
Burkman, Allan M (53), 35 Kingsburj St , Waterhury 2, 
Conn 

BURLAGE, henry M (26), 702 E 43rd St, Austin, 
Tex 

Burleson, Harold H (54), 326 — 7th Ave , K , Fort Dodge, 
Iowa 

Burleson, Lester W, Sr (56), Bow Lane, Middletown, 
Conn 

Burley, Nelson J (48), Frohme Apothecary Shop, 34 
Peterboro, Detroit 1, Micb 

Burnard, Jane R (52), 1345 Elmwood Ave, Columbus, 
Cahf 

BURNETT, BENJAMIN E (20). P 0 Box Jl, Altavista, 
Va 

Burnett, Truman O (54), 2018 A Oak Crest Blvd , Dallas 
3, Tex 

Burniac, Joseph J. (29), 9660 Longacre Ave, Detroit 27, 
Mich 

Bums, Alvm (52), 472 BlauvcU Rd , Pearl Rncr, N Y 
Bums, Daniel J (57), S12S Pratt St, Omaha 4, Nebr 
Burns, Elton A (56), 319 E Comay, Belton, Tex 
Burns, Frederick W (56), 481 Bluff Cit> Blvd , Elgin, III 
Bums, G L (46), Royal Adelaide Hosp , North Terr, 
Adelaide, South Australia 

Burns, Jerol K (52), 928 Lincoln Waj, Auburn, Calif 
Burns, Mitthevv \V , Jr (53), 534 Chester Ave, Pitts 
burgh 14, Pa 

Burns, Rile} W (57), 4703 Cedar Ave, Philadelphia 43, 
Pa 

Bums, WiUiara F (56), 94 Mark, Pontiac, Mich 
Burns, Wilhara S (47), 343 Mam St, Danbur>, Conn 
Burrm, Philo (38). 6403 Spring Mill Rd , Indianapolis, 
Ind 

Burns, Joseph L (53), 3912 Maryland St , Evansville, Xnd 
Burroughs Edward A (47), 396 Mam St, Metuchen, N J 
Burrows, Frank L (54), 230 W Court Ave, Wintcrsct, 
Iowa 

Bursch, Vernon W (50), Henning Minn 
Burston, Julius (55). 161 S Daisy Ave, Pasadena 10, 
Calif ^ ^ 

Burt, Edward C (41), 75 Carmalt Rd , Hamden 14, Conn 
Burt, Ernest J (45). 2342 /** TO* -h 

Burt, Tames P (56), Coicbe — ■ ■ . - -.NY 

BURT. JOSEPH B (22), 8 ' % Nrbr 

Burt. W W (56), P O B< v > \ ''.x 

Burton, Arthur L , Jr (58), ' ' i ' v , v-nner* 

Burton, Isaiah A (S3), 1903 — 15th St , N W, Washing 
ton, D C 


Burton, Llo}d E (53), Rte 9, Box S09-C, Tucson, Anz 
Burton, Luther M (47), o855 Cobbs Creek Pkw\ , Phila 
delphia 43, Pa 

Burton, Pearl W (49), 3331 Carpenter St , S E, Wash 
ingtort 20, D C 

Burton, Ro> (56), Owens Illinois Glass Co, Toledo 1, 
Ohio 

Burton, William M (4S), 3020 Dent PI, X W, Wa^sh 
ington, D C 

Burwcll, W M, Jr (55), 1105 Florida, Corpus Chnsti, 
Tex 

Busch, Oliver W (39), 2147 Broadview Rd , Cleveland 
Ohio 

Busefabaum, 0 A (53), 3323 E State BUd, Fort Wavne 
3, Ind 

Buschbaum, Lowell E (52), 2305 Miami, South Bend 14. 
Ind 

Buschk^f, Harold N (52), 346 Dean St, Woodstock, IH 
Baser, David L (S3), 1620 Stgsbee St, Indianapolis, Ind 
Bush, Settle Jean (57), 1730 E Crockett St, San Antonio 
3, Tex 

Bush, Gajle C (49), 2700 Tajloreville Rd , Louisville 5, 

K> 

Busn, John T (53), 2209 Ogden Ave, Superior, Wis 
Bush, KIme M (52), 73 Fraley St, Kane, Pa 
Bush, Margarete W (53), 208 Bloomquist Dr , Bakers 
field. Calif 

Bushbom, Ronald (54), 2007 Lowell St , Middletown, Ohio 
Bushman. Robert L (SO), 284 SV Ci^nter St , Provo, Utah 
Busick, Cilaude L (4S), 430 A E Walnut St, Stockton 4, 
Cahf 

Buss, Virgil A (49), 2042 Broadway, Quinc>, Ilk 
Basse, Louts W (42), School of Pharmac), Univ of Wis 
cousin, Madison, Wis 

Bute), Gerald A (50), 1244 E 27th St, Topeka, Kans 
Butenhoff, Ross E (54), 1883 Goodrich Ave, St Paul 5, 
Minn 

Butler, Albert Q (42), 3600 N Second St, St Louis, Mo 
Butler, C D (58), 435 Spencer Bhd , South Houston, Tex 
Butler, Calvin L (43), 271 Western Ave, Lvnn, Mass 
Butler, Charles A (52), Steeles Tavern, Va 
Butler, Edgar W (55), 108 N 6tb, Atchison, Kans 
Butler, Edward A (54), 1626 Center St, Point Pleasant, 
N J 

Butler, Ellen J (52), 96 Harvard St, Brockton 24, Mass 
Butler, james J (54), Rte 6, Box 262, Louisville, Kj 
Butler, John L (55), Rte 4, Box 331, Ljnchburg, Va 
Butler, Richard A (57), 1635 N Pavson St, Baltimore 37, 
Ud 

Butler, Robert D (54), 123 W Market St, Graham, N C 
Butler, Thomas M (SO), 249 Union St, Lodi, N J 
Butnik, Abraham (46), 12109 St Clair Ave, Cleveland, 
Ohio 

Butterfield, Charles (53), 3101 Chalkstone Ave, Provi 
dence 8, R I 

Butterfield, Frank B (50), 1239 N Mam St , Racine, Wis 
Butter}, A J (57). 3507 S (Jakes St, San Angelo, Tex 
Buttery, W P (47), 9485 La Grande, Alta Loma, Calif 
Button, James T (52), 925 Seneca St, PharmaC}, Seattle, 
Wash 

Butts, John H (47), 3832 Michigan National Tower, 
Lansing 8, Mich 

Butz, Elmer D (52), 4107 Indiana Ave , Fort Wavnc, Ind 
Buxton, Charles E (46), 2830 F St, Eureka, Cahf 
Buxton, Ronald C (54), 233 Niagara, Daxton, Ohio 
Bujmski, Edward F (39), 6242 Robison Rd , Cincinnati 
13, Ohio 

Bojniski, Joseph P (25), 100 Millbur} St > Worcester 
Mass 

Bu)s, Archie D (48), Pajless Drug, The Dalles, Oreg 
Bvard, Edward J (38), 301 Simpson Ave, Clarksburg, 
W Va 

Byassee, John H , Jr (52), Clinton, K> 

Bye, G wajne (49), 2914 Grisdale Rd , Rosljn. Pa 
Bver, A Larry (57), 2 S Main St, Allentown, N J 
Bjers, Lester (55), 222 N Fifth St, Coalinga. Cahf 
Bjmgton, S J (45), 128 E Fulton St, Grand Rapids 2, 
Mich 

B>ington, William M (49), 313 Varsit> Hghts , Iowa 
City, Iowa 

B}nura, Horace C (56), 3840 St Bernard Ave, New 
Orleans 22, La 

Bjfd, Michael L (45), 1107 Myrtle Ave. Inglewood, Calif 
B>rd>, Edward L (53), 155 King St, Pittsfield, Mass 
Bjrn, Mary L (48), 54 Monument Circle, Indianapolis 4, 
Ind 

Bvrtie, Thomas J, Jr (56), 6211 S U^ashlenavv Ave, 
Chicago 29, 111 

Bymes, Ralph E (47), 328 Maple St, San Diego 3 Cvhf 
Bjmes, Thomas E (54). 36 Vermont St , Nunda, N Y 
Bvrura, W R (55), 2204 Lester Lane, Birmingham 9, 
Ala 

Bj'vatcr, William G (46). S B Penick & Co , SO Church 
St , New York 8, N Y 


Cahaniss. GIad>s A (57), 3019 Washington Ave, New- 
port News, Va 

Cabral, Antonio T (50). 699 Bedford St , Fall River, Mass 
Cabral Norman J (54), 40 Phillips St, East Providence 
14. R 1 
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Caichillo, Anthom F l5o), 301 Oloia St, Derbs, Conn 
Lacciola, John (50), 743/ 1 ulpeliocken St, rinlidelpliia 
v'i), Pa 

Cadeinzzi, Stankj (43), 1S819 Ra>niond Rd , Madera, 
Lalit 

Cadkin, Harold R (5U, 2207 Green Rd . l/nnersitj 
lleigliti, Ubio 

Cadman, M Donald (47), King St , Chappaqua, N i 
t,adogan, ReMiold (53), 7 Robmhood St, Auburndale 66, 
Ma'^s 

Ladoo, Robert H (56), 901 S La Brea A\e, Inglewood, 
Cahf 

Cadwallader, Donald E, Jr (57), HOG N \\ First PI, 
Ciamesi ille, 11a „ . 

Cafaro, Edith D (49), Methodist Hospital, Broad & Wolf 
Sts , Philadelphia 4b, Pa 

Cafazzo, John D, Jr (54), 237 Main St, Malden, Mass 
Lagan, Paul H (57), 836 Princeton A\e, Trenton b, K J 
Caggiano, Thomas K (48), Port Jefferson Station, N \ 
Lahen, Ra>mond L (48), Labs Lafon, 17 rue du Fau 
bourg Montmartre 17, Pans 9, 1 ranee 
Cam, t R (54), Tampico, 111 
Cam, Joseph R (50), Ihird St , ^ew Cit>, N ^ 

Lam, Roger \\ (55), 1 L Worlej A^e, Trotwood, Ohio 

Cam, Russell A (30), Thos Leeramg &. Co, Inc, Harris 
town Rd , Glen Rock, N J 
Lame, Rosalie (56), P O Box 736, Waterville, Ohio 
Laiozzo, Rolliii J (48), 14362 Collins St, Van Nu>s, Calif 
Lairncross, S E (35), 30 Memorial Dr, Cambridge, Mass 
Calabrese, Donald R (49), 2^2 Poinsettia, Toledo, Ohio 
Calawa}, Martin K (55), 317 E Vosernite, Madera, Calif 
Lalcagno, Luigi (57), Via Giro Menotti 35, Milano, Italy 
Calcagno, Russell A (50), 1997 Arthur A\e, New York 
57, N Y 

Caldeira, Allen (53), Monterej Co Hospital, Salinas, Calif. 
Lalderon, Guillermo M ( 33 ), 105 Chapoy, Del Rio, Tex 
CALDWELL, A LEE (34), 949 E 86th St, Indian- 
apolis 20, Ind 

Caldwell, L B (48), 109 Oskaloosa St , Pella, Iowa 
Caldwell, Clifton R, Jr (58), 6260 Piping Rock Lane, 
Houston, Tex 

Caldwell, Edward G (47). Rte 3, Jackson, Ga 
(ald\%ell, John R (57), 6140 Marlora Rd , Baltimore 12, 
Md 

Caldwell, Lewis M (49), 1509 State St, Santa Barbara, 
Calif 

Calhoun, Lawrence H (46), 421 W^ Walnut St, Portland, 
Ind 

Caliendo, Charles C (52), 858 — SSth St, Brooklyn, N Y 
Calitrj, Michael A (57), 31 53 Crescent St, Long Island 
Cit\ 6, N Y 

Calitn, William J (52), 634 Tarrington Rd , Rochester 
9. N ^ 

Call, Tracej G (50), Sunkist Growers, Box 215, Corona, 
Caltf 

Callahan, John (57), W^estern Hwy, Blauvelt, N Y 
Callahan, John F (52), 408 Ste\ens St, Lowell, Mass 
Callahan, William D (58), 845 N W 84th St, Miami, 
Fla 

Callas, Donald A (56), Rte 7, Box 463-B, ^lodesto, Calif 
Callerj, John V (53), 367 Isabella A\e, IrMngton, N J 
Caliison, G Steele (49), 118 Main St, Oak Hill, W Va 
Calnon, Alice F (50), 501 Linda Vista, Pasadena 2, Calif 
Calodn>, Alan (51), 209 05 — 82nd Ave,, Queens Village, 
N Y 

Calohan, Norman G (52), 104 E Frank Phillips BKd, 
BartlesMlIe, Okla 

Calusis, Jlichael (49), 1064 Polk St , Gary, Ind 
CaLert, Kenneth D (55), 404 Leslie Ave, Glasgow, Kj 
taI\o, Robert (52), 1908 N St , N W^ , W^ashington, u C 
Camacho, Jesse C (52), 126 Cumberland BKd, San 
Antonio, Tex 

Cameron, James C (54), P O Box 392, Sparta, N J 
Cameron. Julius E, Jr. (51), 318Vs N Congdon, George 
town, S C 

Cameron, L>nn A (44), 2716 E Florence, Huntington 
Park, Cahf 

Cameron, Marcus (54), 2202 Ker> Dr , Greensboro, N C 
Cameron, Ronald (54), 718 St Chir St, Litrobe, Pa 
Camick, Nelson B (46), 42 W^ater St , Eastport Maine 
Camimti, John A (57)„ 118 22 Atlantic A^e, Richmond 
Hill 19. N Y 

Cammack, James M (50), P O Box 2488, Greggstom 
Tex 

Camp, Bennie J (57), 211 Fidelit} St, College Station, 
Tex 

Camp, W^illiim (54). 1181 Dti(lle\ Dr, Shrevenort, La 
Campagna, Anthon> D, Jr (52), 50 E Santa Clara St, 
San Jose 13. Cahf 

Campanale, Bernadette S (50), 23 PondMew Dr, Shrews 
bu^^, Jlass 

Campbell, Archie (50), 207 Prairie A\e. DanaiHe, HI 
Campbell. Charles B (45), 1560 S Park \\e, Buffalo 
20. N V 

Campbell, CKde W (51), 1507 Claremont PI, Pomona 
Cahf 

Campbell, Donald J (47), 0«ihko<;h, Xebr 
Campbell, Donald T (55), 236 W Brookhaaen Rd , Brook 
haaen. Pa 

Camnbcll Ethel M (56), 215 W’ Third St , Donald^son 
ville. La 

Campbell. T E . Jr (54), 50 Lakeland Dr, N E, Apt 
F-6, Atlanta 5, Ga 


Campbell, James (57), Blanchard Rd , South W’e>raoutb, 
Mass 

Campbell, James A (47), School of Ph.arniac>, Uni\ of 
South Carolina, Columbia, S C 
Campbell, John, Jr (51), 2903 WCa>nc Rd , W\a>nc, Mich 
Campbell, John C (47), 2232 \\\ Roscoe, Chicago IS, 111 
Campbell, John P (50), 1957 Cloaerdalc A\e, Baton Rouge 
La 

Campbell, Joseph L (56), 2413 — IGth St , i\lcndian, Miss 
Campbell, LeRoj H (49), 2627 Ilillcrest, Alton, III 
Campbell, M. \Va>ne (57), 102 S Mam St, Plamwell, 
Mich 

Campbell, Marshall A (49), Pleasant Hill, Mo 

CAMPBELL, MILTON (02), Easton, Md 

Campbell, Norman A (56), 113 W^arwick Rd , Pawtucket, 

Campbell, Richard W (57), P 0 Box 434, Genoa, III 
(jarapbell, S Hugh (52), 774 E. 2600, N , Ogden, Utali 
Campbell, Susan H (49), P O Box 1591, Beaumont, Tex 
CAMPBELL, THEODORE, JR. (34), 2101 N, 63rd St, 
Philadelphia, Pa 

Campbell, Thomas W (51), 118 Bloomingdale A\e, 

Federalsburg, Md 

Campbell, Yale C (39), 582 W^ Goodale St , Columbus S, 
Ohio 

CampiSi, Philip A (56), 21 Whlson Lane, Rock\iIIe Center, 
N V 

Campos, Rafael, Jr (53), 104 Jose dc Diego St, Arccibo, 
P R 

Camps, Amado (49), Infanta #o08, Havana, Cuba 
Candell, Casper M (57), 99 Riveraiew PI, Buffalo 10, 
N V 

Canepa, Albert B , Jr (SO), Whllits Pharmacy, WTJlits, 
Calif 

Canini, Ronald L (53), 90 Dunsmuir St, San Francisco, 
Cahf 

Cannarella, Joseph R (54), 16 Wilson A%e, Whlson 5, 
Conn 

Cannata, S J , Jr (55), 230 Mam St, Branford, Conn 
Cannella, Joe (55), 440 Hill St , S E, Atlanta, Ga 
Cannon, James, Jr. (55), 360 W^ Ridge St, Lansford, P.'i 
Cannon, Joseph G (47), School of Pharmacy, Univ of 
Wisconsin, Madison, Wis 

Cannon, Leonard W (56), 900 G St , New Alexandria, Va 
Cannon, Louis K (49), 3713 Decoursey Ave, Latoma, K> 
Cannon, Vernon M (55), 2446 19th Ave, San Francisco 
16, Cahf 

Canova, F Allen (53), P 0. Box 92, Gainesville, Fla 
Canright, Maynard J (51), Twin Lakes, Wis 
Canter, Abram R (39), Dravo Bldg, Pittsburgh 22, Pa 
Canter. Richard S (46), Dravo Bldg, Pittsburgh 22, Pv 
Cantor, Lawrence H (54), 20201 Patton, Detroit 19, Mich 
Capehart, Robert L (49), Perry Point, Md 
Capelli, Arthur H (57), Woodfield Lane, Saddle River, 
N J 

Caperton, James H (43), 404 Jefferson St, Shclbyville, 
Tenn 

Capiz, Henry T (56), 106 W Congress, St Paul 7, Minn 
Caplan, Toel B (56), 3810 Davis PI, N W^ Washington 
7. D C 

r.iplan, Paul C (42), 1362 Westmoreland, Norfolk 8, Va 
Ciplin, Ralph (47), P O Box 14, Hines, 111 
Caplon, Archie (52), 6331 Hollywood Blvd , IIoIl>wood 28, 
Cahf 

Caponetti, James D (51), 40 Cedrus Ave, Roslindvle 31. 
Mass 

Cappel. J. W^ard, Jr (43), Kinder, La 
Canpicllo, Joseph F (46), 1611 Bergenhne Ave, Union 
City, N J 

Capnle, Nathan A (47), 7244 View Ave , El Cento, Cahf 
Capno, Caspio (48), 144 Rolling Hills Rd , Clifton. N J 
Cannotti, Antlionj F (49), 696 Princeton Ave, Trenton, 
N J 

Caput, William (56), 11717 Hartwell, Detroit 27, Mich 
Caraotta, Jacob (54), 203 N Park, Buffalo IG. N Y 
Carazo. Gloria D (57), 3300— 16th St , N W^ , W'ashmg 
ton 10, D C 

Ca^az^Santaliz, Jesus (SS), P O Box 26, Trujillo Alto, 

CARBEE, CAROLYN M (41), 5630 Sheridan Rd , Apt 
415, Chicago 40, 111 

Cnrdaciotto, Paul S (57), 357 Woodsidc Ave, Trenton 10, 
N J 

Carden, John M, Jr (52), 7730 S Shore Dr, Chicago 

49. HI 

Cardiff, Cecil G (49), 264 Coventry Rd , Bcrkclej, Cahf 
Cardina, Thomas J (53), 44 Unionvale Rd , Clieektowiga 

^ 25, N y 

Carender, M T (45), Stockton, Mo , 

Carew, David P (57), Coll of Pharmacy, State Univ of 
Iowa, Iowa Citj, Iowa , . 

Carej . Michael L (S3), 358 Hursthoume Rd , Rochester 
9. N Y 

Cano, Frank (51), Bentleyville, Pa 

Carkhuff, Edwin D (51), W^m S Mcrrell Co. Cincinnati 
15, (jhio 

Carleton, Marshall H (54). Forest, Miss , , 

Carlin, Evel>n S (50), 355 — 15th Ave, Paterson 4, N J 
Carhn, Herbert S (52), 514 S 44th St, Philadelphia 4. 
Pa 

Carlisle, Dean (54), 6810 Morganford, St Loins 16, Mo 
Carlo, Pierre Emmanuel (55), 9 Place Vaubon, Pans / 
r rance 
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Active Members 


C-irlonngno de Astrada, Magdalena (56), Misiones 35, 
Cordoba. Argentnia, S A 

Carlsen, Harrj W (47), 5808 Hidden Lane, Edina, Msnn 
Carlson, Alfred W (46). 1304 E 28th A\e. Spokane 33, 
Wash 

Carlson, Charles D (49), 214 Grove St, S, Hutchinson, 
Minn 

CarJsoji, Edward H (47), 026 9th Ave, Two Harbors. 
Minn 

Carlson, Herbert W (47), E 9109 Sprague, Dishman. 
Wash 

Carlson, James R (56), 506 S Mernam, Miles Citj, Mont 
Carlson, Joe M (54), Ford’s Drug Stores, Cumberland, 
J-Id 

Carlson, John L {S3), 125 Kenwood Way, San Francisco 
27, Cahf 

Carlson, Lawrence E (57), P O Box 5, Creston, Iowa 
Carman, Paul E (47), S E Massengill (^o , 513 Fifth St, 
S E , Bristol. Tenn 

Carmel, Israel C (43), 606 Dartmouth Dr, N E, AIbu 
qiierque, H Mex 

Carmichael Cloid V (47), 518 Broadway, Gary, Ind 
Carinody, Eugene A (55), Campion Rd , New Hartford, 
N Y 

Carnevale, Joseph A (52), 130 Park Dr, Tuckahoe, N V* 
Carnej, Kenneth P (49), Richland Center, Wis 
Carofano, Edward (46), 567 Campbell A\e, West Haven. 
Conn 

Caron, Norman R (53), 483 Union St, New Bedford. 
Mass 

Carotenuto, Rose (49), 44 Maple Ave, Derby, Conn 
Carpe, Martin W (55), 125 Bainbridge St, Malden 48, 
Mass 

Caipenter, George A (48), V A Hosp , Pharroacv, Otecn, 
N C 

Carpenter, Harold H (52), 515 Agnes Ave . Owatonna, 
Minn 

CARPENTER, MEADE B (42), 2524 River Ave , Misln 
waka, Xnd 

Carpenter, William S (56), P O Box 220, Marion. Ala 
Carper, Robert F (54), 8302 Greenfield Shores, Rte J, 
Scotts, Mich 

Carr, Arthur L , Jr (58), 33 Mam St , Concord, Mass 
Carr, Byron J , Jr (55). Freehold. N Y 
Carr, C Jelleff (33), River Meadows, Rte 4, Elhcott City, 
Md 

C^rr, Eva S (56), 3508 Madrona Dr, Santa Barbara, 
Cahf 

Carr, James G (54), 911 Washington Blvd » Pittsburgh 6. 
Pa 

Carr, James W (49), 306 W Robinson St, Knoxville, 
Iowa 

Carr, John W (57), 23 Mjrtle St. Cranford. N T 
Carrato. Carmen A {47), U S P H S Hosp, 77 Warren 
St , Brighton 35. Mass 

Cnrrawaj, Ernest L, Jr (54), 200 Halifax, WiJliamston, 

Carrel. Mnrvin B (44). 223 North Dr Buffalo 16 N Y 
Carrier, Richard N (51), 363 Waterman Ave, Esmond. 
R I 

Carng, Therese (Si), 4505 Orchard Park Dr, Parma 29, 
Ohio 

Carngan, Richard H (51), 410 Touraine, Grosse Pointe 
Farms 30 Mich 

Carringe**, Ralph L (56). Vine Street Gimesville, Ga 
Cirns, P J (45), Bridge St , DeWitt Mich 
Carrel}, E J (49), 6305 Overbreok Ave, PbtlaOelpbia 3U 
P'1 

r-irrcll, Edwin W (50) Veter'^n* TTospit'>I T«cvon, An^ 
Carroll, Francis T (54), 1616 Walnut St , Room 2207. 
Philadelphia 3, Pa 

Carroll, Jack L (56), 1205 Vanderbilt Dr , Bakersfield 
Calif 

Carroll, Raymond A (53), SOI Irene St, Joliet, 111 
Carroll, Wilham A (51), Richton, Miss 
Carson, Ben (4'?), 912 N Vermilion, Danville Til 
Carson, Tostph A (56), 1627 N Oak St Danville, Til 
Carson, L>nn L (36). P O Box 369 Wellsburg W Va 
Carson, LCDR Ralph (51), MSC. USN, US Naval 
Hosp , St Albans N Y 

rar<?on V Robert (49), Or''Ii’>rd Ave, Hightstown, N T 
CARSTATER, JAMES C (20). 233 Dunham Ave , Tames 
town, N Y 

Carter, A B (44) Parke, Davis 8. Co , P 0 Box 1937, 
Cmcinnatj 1 Ohio 

Carter, Clajton D (56) 112 S l7th St, Kansas Cit>, 

Kans 

Carter, Clyde E (51) 2239 W Roosevelt Dr, hfilwaukcc 
Wis 

Carter, Edgar B (25) 30 S Sheridan Rd Lake Forest. 
ID 

Carter Frederic L (55), 103 River St, Saranac Lake. 
N Y 

Carter Harold T (55), 2730 N Taylor Ave, St Louis 
n. Mo 

Carter, Tack B (52), 6037 Pacific Ave, Stockton Cahf 
Carter. John W. Tr . (52) P O Box 256, Sentinel, Okh 
Carter, Toseph H (46), 719 West A,vc , Tenkintown Pa 
Carter, Kenneth (51), Ames Co. Inc. Elkhart, Tod 
Carter, L Harold (SS), Rte 2, Chapel HiD N C 
Carter, Phylhs T (55). 703 S High St, West Chester, Pa 
Carter Roger D (57), 3 53 E Buckingham Way, Fresno, 
Calif 


Carter, Troy L, Jr (4/), V, A Hospital, New Orleans 12, 
La 

Carter, Wade A (52). Lowell. N C 

Cortland, George F (31). The Upjohn Co, Kalaraaaoo, 
Mich 

Cartwright, Blame D ($4), 2JJS KnowiDe Ave, Lone 
Beach 15, Cahf 

Cartwright. Sam L (51), p Q Box 325, Sadtnia, Ohio 
Cartwright, William G (53), 15 West Avalon. North Little 
Rock, Ark 

Caruso, Edna F (53), 1964 Compton Rd . Mt Health^. 
Ohio 

Caruso, Joseph V (54), 280 Knickerbocker Ave, Brooklvn 
37, N Y 

Caruso, Michael (47), 2605 E McMillan St, Compton, 
Calif 

Caruso, Pat J (47), 1801 Mifflm Rd , Pittsburgh Pa 
Caruso, Ugo F (55), Grace New Haven Hosp, Pharmacy, 
New Haven. Conn 

Carvalho, Joseph (53), 3430 Acushnet Ave, New Bedford, 
Mass 

Casabona. Anthony S (52), 65 S Mountain Ave, Mont 
clair, N J 

Casabun, Nicholas A (56), 1102 Bennington St , East 
Boston 28, Mass 

Ca^alg Frank J (57), 5709 R St , S E. Washington 27. 

Casale, Mike G (52), Rte I, McDonald, Ohio 
Casas Lajonchere, Felipe R (46), Apartado 1014, Havana 
Cuba 

Case, jee S (49). 97 E Afain St . Logan, Ohio 
Case, Robert W. (55), Roswell Park Memorial Inst , Buffalo 
3, N Y. 

Casella, Frank J (54), 3044 Albany Crescent, New York 
63, N Y 

Casey, Harold M (57), 4945 Cole Rd , Memphis, Tenn 
Casey, Roger J (56), 927 Fifth St, Bismarck, N Dak 
C)asey, Vassa V (55), 227 N Magnolia, Apt S, El Cajon, 
Calif 

Cash, Jimmy (54). Rutherford Drug Co Rutherford, N C 
Cash. John D (S3). P 0 Box 8299, Wyeth Lab, Phila 
dclphia 1, Pa 

Cashell. Joseph W (49), Rte 2, c/o itrs Bcighlcy, New 
Kensington, Pa 

Caskey, Eugene M (34), P O Bov 696, JacksonviHe Tex 
Caster, Dav id R (51), Third Avenue Rd . Kensselaer, N \ 
Case, Edward (57), 100 Coppell Dr. Tenafiy, N J 
Casper, Isabella B (45), 34 Wcstvievv Ave, Tuckahoe 7, 
N Y 

Cass, Simon D (54), 39 60 — S2nd St. IVoodside 77, N Y 
Cassiday, Nancy J (47), 342 Fairgreen Ave, Youngstown, 
Ohio 

Cassady, Richard L (48) 1015 Ontario, Escondido, Cvhf 
Cassell, Frances 0 (53), lOS E Unaka Ave, Johnson City, 
Tenn 

Cassidy, Dons W (48), 220 Hildegarde Terr, Vicksburg, 
Miss 

/sype patjdtLIO (21) Farm*icia del Dr B 
' *' Onente, Cuba 

’ 5 Rosedale Terr, Stratford Conn 

* • • Grandview Hospital, LvCros*:c Wis 

, 520 W 182nd St , New York 33 

iV V 

Castle Vincent C (56), 4800 W^ 70th St, Prainc Village, 
Kans 

Castor, Frank S (56), P 0 Box 2l0. TacksonviIIe. FK 
Castro, Lionel B (S6U 5723 Tucker Hoasten Tev 
Catalano. Dmo J (50), Ortho Pharmaceutical Corp , Ran 
tan N J 

Cataldi, Leroy F (5?), 57$ State St Hammond Tnd 
Catahne, E L (39), Coll of Pharmacy, Unu of New 
Mexico, Albuquerque, N Mex 
Catanraro, Tomas (51), Labontorios Cipi S A, Aida 
Venezuela 1654 Lima Peru S \ 

Catching, B Doyle (56) 812 Lamar Aminllo, Tex 
Catchings, W'^illnra H (47) Wnodville Miss 
Cate, Clarence E (50) 2623 Chapman Highway, S W , 
Knoxville, Tenn 

Cates, Tohn R (54) New nan, Ga 
Cates, Larn C (56), 2815 Barkman Pontiac Mich 
(Tatec Lmdley A , Jr (53), 2250 S Hooker W’^ay, Denver, 
Colo 

Catlicart, Tohn R (42), Dehware Hospital, 14tli & Wash 
ington Sts Wtlminclon Del 

Catlm, Herbert M (49) 2456 N Hamlin Ave , Chicago 47, 
HI 

Catt, CirJ (4^), General Debverv, New Albany. Miss 
Catt Grover H (52) 701 K Tifavette Pascagoula 
Caudle, Virginn (50), City Memornl Kospitvl, "Winston 
Salem, N C 

Cavaiolo V J (49). lUS Bleeckor St Utira 3 N Y 
Cavahen, Piti Ann (55), 737) IVard Rd P-rma 29 Ohio 
Cvvallaro, Cu\ V (55), 7 Roosevelt Ave. Poughkeepsie 
N Y 

Cavanaugh, Charles A (50). DuPont Bldg, Wilmington 
Del 

Cavanaugh, Samuel M (53), P O Box 141, Rose HiD 
N C 

Cavaretta, Alfred S (58), 3043 Massachusetts Ave . Arling 
ton 74, Mass 

Caviel, Alfred J (54), P 0 Box 44, Glen flora, Tex 
CavicL Billie J (54). 30S E 19th St, Ant A, Lubfiock, 
Tex ' 
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CcbuNkic, Craig J (54), 12S66 Freeland, Detroit 27, Mich 
Cech, jo'eph J (32), S07 A Spring A\ e , LaGrange Park, 

Cecil, James M , Jr (54), 1222 Durrett Lane, Louisa ille, 

Cecil Kenneth M (55), 960 Hojt St , Salem Oreg 
Cecora, Raamond E (46), 2336 E First St, Brooklyn, 

Ce^chners Inese (57), 2406 N 46th St , Seattle 3, kVash 
Celata Michael E (55), 573 Pleasant bt Winthrop 52, 
Mass 

Celentano, Joseph (aS), 1674 Ba> Ridge Pkwy , BrooUjn, 

Celts, Corneho (53), Apartado Aereo #2123, Cali, Colombia, 
S A 

Celmins, Ernest \V (53), 2060 Raaenuood Ave , Dajton 6, 
Ohio 

Celms Rasma N (56), 5622 N E 7th Ave, Portland, 
Oreg 

Cenci Herman R (45), P 0 Bon: 972 Fresno 14, Cahf 
Center Bruce P (57) P O Box 840, Fort Pierce Fla 
Cerbuhs, Voldemars K (53), 40 Park PI, New Rochelle, 
N V 

Ccrini Rober* P (54), 66 Liberty St , Lodi, N J 
Cerino Joseph C, Jr (55), 491 A Johnson Rd , Sicklcr 
Mile, N J 

CERMACK, EMIL (08), 420 Chestnut St , Birmingham, 
Ala 

Cerm-ik, Fredrick J, Jr (44), 1599 Laclede Ave, South 
Euclid 21 , Ohio 

Cermak John J (55), 16 S Peoria St , Chicago 7 111 
Cernigliaro, Joseph P (57), 51 E Second St , New York 3, 
N Y 

Cerone Lawrence (49) 831 Pirkwa' Ave Trenton 8 N J 
Certo Josephine (56), 219 S Ev'ihne St Pittsburgh 24, 
Pa 

Certo, Natalie (57) 219 S Evaline St , Pittsburgh 24, Pa 
Cervantes, Jesse G (49) 920 W Brownlee, Las Cruces, 
N Me\ 

Cevela, Franklin C (38) 204 Main St, West Chicago 111 
Chabak Love (55), 295 Dune St Toronto 9, Ont Canada 
Chabora Alexander (51), 592 Palisade Ave Garfield, N J 
Clnboud, Georges (56) 13, Avenue de L’Opera Pans 1, 

France 

Chace Frank E (45) 283 Jistram St , Providence SRI 
Chachere, Douglas J (53), Kte 1, Box 17 D, Opelousas, La 
Chachere, Robert E (54) 3867 Virgil Blvd , New (Orleans 
La 

Chack, Ell S (56) 4604 — 30th St Mt Rainier, Md 
Chafetz, 1/Lt Lester (58) USAFE, 7112 Central Med 
(Jroup, APO 633 New York, N Y 
Chagnon, Wilfred (30), 425 Centre St Newton Mass 
Chai Dong K>u (58), 18 — 6th St, Eulchi Ro Choog Ku, 
Seoul Korea 

Chalhoub. Antoine C (58) P 0 Box 683 Beirut Lebanon 
Chambers, James C, Jr (54), Rte 2, Box B4 Marianna 
ria 

Chambers Mchin A (47), 70S Converse Dr, Cincinnati 
40, (jhio 

Chambers, Rosa A (48), 523 Main, Walsenburg Colo 
Chimblec, Joe W (57), 4204 Cutshaw Ave Richmond 20, 
Va 

Chamblee, Noel E (46) S Church St , Louisville Miss 
Chamings, Arthur (56), Woodstock, SImfold, Horsham 
Sussex, England 

Champion, Charles A (53), 115 Walnut St, Greenfield 
Tenn 

Chan, Daniel D (52), 1807 S Norton Ave, Los Angeles 
19, Cahf 

Chan Hubert Shiu (54), 694 Anmo Ave, Oakland 10 
Cahf 

Chan, loan (45), 244 N Clifton Ave Elgin III 
Chan Leonard (47), Pfizer Corp , 406 9 Bank of Canton 
Bldg , Hong Kong, China 

Chandler, Albert M (52), 223 Baldwin Ave, Pontiac 17 
Mich 

Chandler, Edward W (56), West River Rd , Grand Island 
N Y 

Chnndler, James R (56), 1703 Tunnel Bhd, Chattanooga, 
Tenn 

Chandler, N W (43), 7400 Colesville Rd , Universitv Hills, 
H' attsv ille, Sid 

Chandler, Pegg> B (55), 603 N Cannon Blvd , Kannapolis, 
N C 

Chandler, Reginald B (57) Calhoun Citv, "Miss 
Chandler, Robert P (55), Old Plymouth Rd , Sagamore 
Mass 

Chajidoha, MvroMawa (54) 2387 Morris Ave, Bronx 68 

Chane Kenneth R (55) 1125 E Mt Pleasant Ave, Phila 
dclphia 50, Pa 

Chang Bettj Wu (56) 8052 Loui'se Ave Northndge Cahf 
Chang, KuangVu (56) 33 First Section, S Chung King 
Rd , Taipei Taiwan China 

Chang Yumon (SO) 2243 Seaview Ave, Honolulu Hawaii 
Channing S H (41) Kahoka Mo 

Chaplin, Wayne M (56), 65 N Main St Hartford Wis 
Chapman, Chde F (47), 325 W Broadwa>, Louisville 2, 
Kv 

Chapman, Llovd W (49), 734 Francis Ave, Columbus 9, 
Ohio 

Chapotel Edward L (47), 900 Camp St , New Orleans 13, 
La 


Chappell, Dianne (56), 44 White St, Grove Cit\. Ohio 
Charen, Marvin (57), 1877 Manor Dr, Union, N I 
(Jhanton, George (55), 6360 Riverside Ave, RiverMdc 
Calif 

Chariton, Harrj (47), 18501 Ventura Blvd, T-^rzana Cahf 
CHARKOUDIAN, HARRY N (32), 3270 iMam St. 
Springfield 7, Mass 

Charland, Omer P (58), Danielson Pike North Scituatc 

R I 

Charles, Fred R (55), Patterson Drug Co, Box b53 
Winston Salem, N C 

Charles, George K (44), P O Box 392 Parsons Kan*? 
Charles, Hugh K (55), 400 Mercy Hosp Rd , Pvr''nns 
Ivans 

Charles, Ra> (48), Rte 2, Carbondale, 111 
Chariesworth Reginald C (54), P O Bov 195, Station S 
Toronto, Ont , Canada 

Charlette, Marcel (55), 202 Auburn St, Cranston, R I 
Charlton, Edward C (54), 3673 E Baker PI , Tucson \riz 
Charney, Gerald B (54), 100 E 21st St , Brookljn N S 
Charnicki Walter F (47), Merck, Sharp & Dohme Rc 
search Div , West Point, Pa 
Charnin, Joseph (55), 1187 Eastern Pkwy , Brookhn H 
N Y 

Charno Edmund (56), 62 02 — 80th St, Elmhurst N ^ 
Charp, Harry K (55), 402 Howard Circle, Chattanooga 11 
Tenn 

Charshaf, A Martin (56), 1869 Van Ness Fresno 1 Cnlif 
CHASE, CHESTER C (36), 2235 Melville Dr Sin 
Marino 9, Cahf 

Chase, Donald L (51), 5031 Carevv, Bellaire Te\ 

Chase, Grafton D (51), 43rd & Kingsessing Ave, Philv 
delphia 4, Pa 

Chase, Jack L (47), 4054 Athenian Way, Los Angeles 43 
Calif 

Chaskv Arnold M (55), 3310 Mermaid Ave, BrookI>n 24 
N Y 

Chasky. Hilbert P (47), 860 E 10th St, Brookl>n 30 
N Y 

Chassev, Richard (56), 768 Wolf Rd , Des Plaines III 
Chastain, Cleo R (51), 331 S Court St, Sullivan Ind 
Chastcen, Robert W (56), 3318 W Bertone, Seattle 99 
Wash 

Chastka, Joseph L (57), 4352 Woodedge Dr, Okhhonn 
Cit> 15 Okla _ , , 

Chasuk, David (53) 175 Poh St, Apt 18, Ventura (Tilif 
Chater, George R (57) 3820 Clinton, Des Moines 10 Town 
Chatfield, Frank A (56), 6603 Euclid Ave, Cleveland 3 
Ohio ^ , 

Cliatkin, R (47), 401 Summit Ave, Hagerstown Md 
Chatkn, William C (57), 401 Summit Ave, Hagerstown 

Md 

Chatten. Leslie G (57), 2098 Black Friars Rd , Ottawa 3 
Ont . Canada „ , 

Chavkin Leonard T (47), 106 Devonshire Dr, New H)ae 
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Coleman, Barbara M (55), 2705— 13th St . N E, Wash 
ington 18, D C 

Coleman, Frederick £, III (56), New London Turnpike, 
Marlboro Conn 

Coleman, George N (57), 304 E North A\e, Pittsburgh 
12, Pa 

Coleman, T T (52) 2220 S Third St , Memphis 9, Tenn 
CToleman, James C (55), 1402 W Euclid, Detroit 6, Mich 
Coleman, James S (50), 4355 Marley Dr, Sacramento 21, 
Calif 

Coleman, Tohn H (57) 20 Pearl St Rouses Point N Y 
Coleman, Marj Ann (49), Bajonne Hosp L Disp, E 30th 
St , Bayonne, N J 

Coleman, Paul W (54), 118 Grant Ave , Vandergrift, Pa 
Coles. Clifford H (56) 350 Court St , Keene, N H 
Coletta, Charles J (SO), 1301 Rodman Rd , Wilmington, 
Del 

Colej, Wiltcr N (55), P O Bo\ 24 Stem N C 
Colgate William B (54), 144 54 — 29th A^c Flushing 
54, N Y 

COLIN, G G (26), 3*1 Guerrero 74 Mexico 3 D F 
Cohna Gilberto D (56) 4200 Plaza Rd , Charlotte 5 
N C 

Coll Lucien A (43), 219 N Gate Rd , Manchester, 
N H 

Colleck, Sam N (49), 3587 Virginii Park, Windsor, Ont 
Camdn 

Collette Allan (47), 1215 Walker Ave, Suite 1006, Hous 
ton, Tex 

Colletti Albert (51), 1701 Benson A\e, Brookijn 14 
N Y 

Colletti, Jerome N (53), 913 N Laramie A\e , Chicago 
51, 111 

Cnlher, Albert W ^’521 1601 S 7th St Terre Haute. Tnd 
Collier, HaIc>one B (49), 12116 Gulf Blvd , St Peters 
burg Fh 

Collier, Tohn A (57) 13825 Fernwood A\e East Cleve 
lind, Ohio 

Collier, Robert H , Tr (50) 103 E Main Post Tex 
Collier Robert J (55), 854 Thomas A%e, Snn Diego 9 
Cahf 

Collier Weslej T (50) GreenMlle General Hospital, Green 
ville, s r 

Colligps John (50), Ortho Pharmiceutical Corp , Rantin 
N J 

Collin AgnoM (46) Botici Internacional Apt 1292, 
Gna^aqull Ecuador S A 
Colhngs, Gerald M (57) Greenshurg K^ 
rollius APred T (52) IS West St W!ut»'hall N Y 
Collins Alfred P (48) 530^/« S 18th St Terre Haute 
Tnd 

Colhns, Farl P (52), 511 Lowell St Pittshur^'h ^ Pa 
Coiims Frank (47) 5512 Delmar St Lorn*; 12 
Collins Galer F 157 Parker A\e, Elkhart Tnd 

cor LINS GFORGE W (11). 11154 S Artesian A\e 
Chicago 43 111 

Collins Leslie E (52), 6625 S Montgomerj Tacoma 9, 
Wash 

Collins T uther (49), Columbia K> 

Collins, Richard H (52) Craigmont Tda*’o 
Collins, Richard L (54), 108 S Mam St, Harrisonburg, 
Va 

Colhns Robert B (56), 1047 San Lucia Dr Grand Rapids, 
Mich 

Colhns Ro> O (56) 1328 N McCadden PI HolKwood 

28 Cahf 

Collins Thomas P (49), 2804 Fairfield Aae Bridgeport 
5 Conn 

Colhns, Tom (57), 65 Manna BUd , San Rafael, Cahf 


Cotloca, Robert (52), 71 Union St Lodi N J 
Colon, Reuben (56), 359 E 169th St , Bronx 56 \ \ 
Colskj, Oscar (40), 1700 Gahano St Coral Gables. Fla 
Colter, Gloria B (55), 11^4 Green St, Circle, GainesMlle, 
Ga 

Colton. Ira E (52), 141 30— 6Sth Dr, Ken Gardens Hills 
L I , N Y 

Colucei, Dominic (56), RFD, Harris Aie Sa^lesuHe R T 
Colucei, Frank (55), 1412 — 77th St, BrooWvu 28 N \ 
Colucci James R (56), 84 Bajchff Dr Rochester 9 \ \ 
Columbus, Anthonj M (53), 2035 E 96th St, Cle\eUnd 
Ohio 

Colunga Jose S (48) 209 Morlej \\e , Nogales 3rir 
Colwell, Philip J (SO), 231 Louise St ^a^etteMUe Ark 
Combs, Frederick E (55), X09 Park Ave, Spencer, \\ \a 
Comer, Jack P (49), Rte 1 Franklin, Ind 
Coraess, Manm (44), 8734 N Avers Ave, Skokie 111 
Comno, Tolm C (49), 337 S Lemoiv Avc, Walnut Cahf 
Comm, Clifford O (44), 323 \ irginia Ave , Che^iter 
*V Va 

Compton, Herscbel G (47) Fairview Farm Barlow K\ 
Compton, Seth W, Jr (56), 1036 Grandview, Boulder 
Colo 

Comstock Charles C (57), 5617 Mullen Ave Los \ngeles 
43, Cahf 

COMSTOCK ROYAL R (46). 4536 N 27th St Apt 3 
Milwaukee 9, Wis 

Comstock, Samuel E (55), 2312 E 7th St Apt 4 
Charlotte, N. C 

Condo, Joseph (52), 28 Montcalm Ave Plittshurg N A 
Conerv, William J (55) 500 Main St, Pine Bluff \rk 
Congdon, James A (55), 29 W 7l5t St, New \ork 23 
N Y 

Comans, Andrew (47), 66 E Cliff St, Apt 12 Somerville 

Conigiio, Francis J (45), 278 Abbott Rd , Buffalo N V 
Comgho, Frink L (32) P O Box 416 Lutz Fla 
Conigiio, Vincent T (57), 72 Crescent Dr Albanv SNA 
Comne, James AV (47), Pharmaceutical Research Eh 
Lilly 8. Co , Indianapolis, Ind 
Conlej, Bernard E (47) 707 Prospect Lake Bluff 111 
Conley, Marguerite F (54), 210 Derbv St , AVest Newton 
65, Ma«s 

Conley, Verdie M (54), 1010 Woodland Dr, Norman. 
Okla 

Conlon, Bernard P (51) 72 \\^ George St, Freehold 

^ N J 

Conn Elmer G (46) 1000 Macdonald Avc Richmond, 

Cahf 

Connell, Robert F (45) Mt Auburn Hospitn’ Cimbridge 
Mass 

Conneltj, Alice R (47) 242 Hampden Terr, Alhimbn 
Cahf 

Connell>, Mary (56) 6407 Liberty Rd Baltimirc 7, Md 
Conner, Harold K (47), 107 N A^me St AA’est Union 

Iowa 

Conner, Kenneth E (52), Brookneal A^a 
Conner, RoWt T (51) Smith Kline vA French Labs, 
_ 1530 Spring Garden St Philideipbn 1 Pa 
Conner, William C (56), HOO Henderson, Fort Worth, 
Tex 

Conness, R Diidlev (57) 2100 ALne St Berkelev 9 Cnltf 
Connev Leo A'' (47) 736 Elm St AVinnetka Til 
Connoll>, Mir> T (52) Fnnkford Hospitil, Pbilidclpbii 
2, Pa 

Connor, Ann P (SS'i 5913 Clark Des Moines Towi 
Connor, Arthur E (50) P O Box 132 IIo''kessin, Del 
Connor, Edwin J (50) 101 AA'^ Stite St Kennett Squire, 
Pa 

Connor Leo D, Jr (55), 16 College Ave Plattshurg 
N Y 

Connor Patrick J (57), 515 Citv NatT Bink Bldg 
Omaha 2 N ebr 

Connor, Robert E (55) 1739 Pirk Avc Omiha 5 Ncbr 
Connors William M (56), 814 Conn'*rs St, Divton S 
Ohio 

Conrad Harold E (SO) Rte 1 Toho'^o Ohio 
Conrad L**«!ter I (43), Amer Cholesterol Prod , Inc 
Edison N J 

Conro Fdwird N (56) 56 E 98th St New A^ork 29, 

N Y 

Conrov Jf>«ienh R (46A 1539 Stite Avc Conopohs Pi 
Conseal Dolores A (53) 1507 Rivcrview Blvd, Norris 
town Pi 

Con^stertim Jimes J (53), 5910 W Roscoe Chtcigo 34, 

Constine Tohn H (43) 10 Meide Rd , Ambler P.i 
Conte Felix A (48) 1328 Parrott Dr S'»n Calif 

Conti Frank r («;o), 273— 15th St, Buffaln 13 N. Y 
Conti Mine E (49). I9I Rd . St Albms 12, 

N Y 

Conti A^incent J (56) 1553 E Second St, BrookUn 30, 

N Y 

Contincih Bisil M (50), 411 Ashlind BufT'»lo 22 N A’’ 
Contzen, Guillermo (49), Correo Ccntnl Chsificador 599 
Santngo Chile S A 

Converse, Perrv E (51), 614 Li Sille Bhd, Lansing 12, 
ilich 

Conwell, Richard D (55), 240SVs E 10th St, Indnn 
apohs Ind 

Conwcll, A^erne C (53) 1102 Mam St, Milwiukie Oreg 
COOK ALFRED P (02). 79 Park St, Porthnd Maine 
Cook, Benjamin R (57), 104 N Tllinois St (2hnsman, III 
Cook, Carol (53), 1001 Beard. Flint 3 Mich 
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Cook. Clarence H. Jr (55), V A Hosp , P O Box 
17u3/, Houston, Tex 

COOK, E FLLLERTON (01), 24 Becchwood Rd , Media, 
Pa 

Cook Elton S (40), 1840 Madison Rd , Cincinnati Ohio 
Cook, Harlan C. Jr (52). 404 Are H, Lubbock Tex 
Cook, Harold J (51), 777 Wroming Are, Kingston Pa 
Cook, John E (47), 13705 S W Highrraj 217, Tigard, 
Ores 

Cook, Louis A, Jr (50), 565 Downing St, Buffalo 20, 

Cook, Louise \V (47), 1836 South A\e, LaCrosse, Wis 
Cook, Lmui H (50), 2808 Richfield Rd Flint 7, Mich 
Cook, Milton R, Jr (52), Estabrook Circle, West Leba 

C(5oK,^ROY B (24), 5 Manor PI, Charleston, W \a 
Cooke, Don R (54), 3408 Hughes, Amarillo, Tex 
Cooke, John E (45), Maritime Coll of Pharmao College 
St, Halifax, No\'i Scotia, Canada 
Cooke, Lei\is A (50), 3325 N Austin A\e, Chicago 34, 

Cool, John C (54), 110 N Broadway, Joliet, III 
Cooler, Russell A (47), ISO S Madison Ave , Pasadena 
5, Calif 

Coolej, Milliam A (55), 201 Vallej St, Cumberland Md 
Coomts, Elmer (53), 2340 S>camorc Canjon Rd , Santa 
Barbara, Calif 

Coonej, Thomas (53), P O Box 56, Castle Rock Wash 
Coons, Elsie M (47), 5431 Forest, Kansas City 10 Mo 
Coontz, Anthon> P (52), 121 Midlothian Blvd , W^aterloo, 
Ioi\a 

Coontz, Harvci E (52), 551 Ruston, Evansville 17 Ind 
Cooper, Benjamin F (55), School of Pharmacj Oregon 
State Coll , Corvallis, Oreg 

Cooper, Chauncej I (47), School of Pharmacy, Howard 
Univ , Washington 1, D C 

Cooper, Eugene L (50), 1134 E Parkedge Lane, St 
Louis 5, Mo 

Cooper, Franklin D (51), 7313 Hallmark PI, Springfield, 

Cooper, Gerald J (52), 3703 Cherryvvood Lane, Toledo, 
Ohio 

Cooper, Jack (47), il Ins Rd , Summit, N J 
Cooper, James D (50) 514 Indiana Ave, Chester W^ Va 
Cooper, Kenneth A (51), 1304 Atlantic Ave, Knoxville, 
Tenn 

Cooper Lillian E (49) 7 Tnwood PI, Buffalo 9 N Y 
Cooper, L (42), 700 W North Ave, Baltimore 17, 
hid 

Cooper Mitchel O (56) 281 Hill’N'Dale Dr, Lexington, 
K\ 

Cooper, Maj Nathan (50), USAF (MSC), Army Med 
Service School, Fort Sam Houston, Tex 
Cooper, Omer C (50), Oak Harbor Wash 
Cooper, Samuel J, Jr (57), 2312 Ashburton St, Balti 
more 16, Md 

Cooper, Seymour L (54), 118 S 15th St, Easton Pa 
Cooper, W A (48), 49 W IMain St, Cambridge N Y 
Cooper, \Villiam S (57), 2911 Edgewood Ave Richmond 
22, Va 

COOPER, ZADA M (09), 102 N Fifth Ave, VilUsca, 
Iowa 

Cq^erman, Leon (46), 4621 Sharon Terr , Pennsauken, 

Cooter, Ernest F (49), 917 N Chester Oildale Calif 
Cope, Donald (51), 941 W Nimisila Rd Akron 19 Ohio 
Cope, James D (57), 33 N High St , Columbus 15, Ohio 
Cope, L M (49). 54 Server Lane, Springfield, Pa 
Copeland. Kern H (46), 6701 S Normandie, Los Angeles 
44. Calif 

Copello, Vincent (47), 229 Mam St, Little Ferr> N J 
Coplev , Duncan M (40). 5 Francis Ave Norwich, N Y 
Coppola, Tames R (54). 17 E W^nspear, Buffalo 14 N Y 
Copses Charles P (55), 1400 E Morehead, Charlotte. 
N C 

Coran, Aubert Y (50), 2006 S Brentwood, Brentwood 
Mo 

Corbett, Frank J (51), 1008 S Greenwood, Park Ridge. 

Corbin, E H (S3), P O Box 65, Evergreen. Colo 
Corbin, Edward N (41), 249 Hyland Terr Orange Conn 
Corbin H Lane (55), 1053 S Ogden Dr, Los Angeles 
19, Calif 

Corda«co, Carl (48), 62 N 11th St, Newark 7 N T 
Cordiner. H H (44), P O Box 36, Laramie, W^o 
Cordl^, Harrj J (46), 120 Broadwaj, Rm 2160, New York 

Core, Alfred C (48). 1523 S 59th Ave . Cicero 50, HI 
Corena, Julio (51), Undra Ltda , Apartado Aereo 45 97 
Bogota Colombia, S A * 

Corgan, Bert C (42), 3401 Franklin St, Denver Colo 
Corkisb, Robert A (56), 119 E Park Ave, Anaconda 
Mont ' 

Corman, Morton S (49), 1000 Chester Pike, Sharon HiIJ 
Pa ' 

Cornelius, W'alter E (55), 502 Forrest Rd , Fort Ogle 
thorpe, Ga 

Cornell, William H, Jr (57), 40 Osceola Ave, Gaspee 
Plateau 5. R I 

Comet. Teadore (47) 547 E I78th St. Bronx 57, N Y 
CORNFELD. HARRY G (29). 907 Clifton Ave, CoIImc 
dale. Pa 

Cornwell, J Kenneth (32), 1401 N Frederic St, Burbank. 
Calif. 


Corrado, Joseph A (55), Sumner Chemical Co, Inc, 
Zeeland, Mich 

Corrao, Nelson, E (46), 31 South St, Morristown, N T 
Corrente, Anthony M (52), 26 Hillside Ave, Cedar Grove, 
N J. 

Corretore, Carolyn R (52), 790 Ridge Rd , \\ , W'cbsler 
N Y 

Cornng, George F, Jr (56), 19 Irving Ave, Englewood 
Cliffs, N J 

Corsohm, Joseph D. (52), 3009 Kishwaukee St, Rockford, 

Cortese, Gene (56), P O Box 515, Keewatm, Minn 
Cortesi, Rudolph (44), 21 Chicopee St, W^orcester, Mass 
Cortrecht, Donald L (55), 2623 Central Ave, Anderson, 
Ind 

Cortnght, Edward G (50), 212 S Mam St, Yazoo Citv, 
Miss 

Corvvme, C R (50), 1012 Gold Ave, S E, Albuquerque, 
N Mex 

Coryell, Robert E (47), 335 Western, Muskegon, Mich 
Coryllos, Elizabeth (50), 812 Park Ave , New York 21, 
N Y 

Cosby, Donald C (55), 8821 Manderley Dr, Indianapolis, 
Ind 

Cosgrave, John J (SO), P 0 Box 214, East Moline, III 
Cosgrove, Frank P (45), Coll of Pharmacy, Loyola Univ , 
New Orleans, La 

Cosgrove, John F. (34), 418 Mt Prospect Ave, Newark, 
N J 

Coshun, Kenneth W (51), 301 W Nevvhall Ave, Wau 
kesha, Wis 

Cosmides, George J (SO), Coll of Pharmacj, Univ of 
Rhode Island, Kingston, R I 
Cossman, Hal E (52), 1101 S Federal Hwy , Fort Lauder 
dale, ria 

Costa, James J (50), 134 Oak St, Old Forge, Pa 
Costa, William J (49), 6 Baldwin Ave, Ridley Park. Pi 
Costabile, Frank (42), 302 Vs Atwells Ave, Providence 
R I 

Costello. Christopher H (41), Columbus Pharmacal Co, 
326-336 Oak St, Columbus 15, (jhio 
Costello, Curtis B (44), The Rexall Store, Lakefield, Minn 
Costello, Dan B (58), 5318 Manila Ave, Oakland 9, Calif 
Costello, Kenneth R (55), 5845 B Chabot Ct , Oakland 18. 
Calif 

COSTELLO, PATRICK H (23), 77 W Washington St, 
Chicago 2, III 

Costenbader, Fred D (44), 310 Delaware Ave, Palmerton, 
Pa 

Costoff, Cyril J (55), 415 N High St, Kenton. Ohio 
Cotanche, James G (51), 2 E Mam St, Sodus. N Y 
Cotovsky, Irving (S3), 1916 W Lunt Ave, Chicago 26, 

Cotter, Ewa H (52), 1820 Hayes St, Eugene, Oreg 
Cotton, Hugh A (50), 535 Bowen St, Longmont, Colo 
Cottone, Faro W (47), 73 Mam St , Lodi, N T 
Coulson, Ray K (57). 1307 Ave X, Lubbock, Tex 
Coulter, Ray R (57), 11044 KImg, North Hollywood, 
Cahf , ,, 

Counter, Frederick T (55), 668 Chelmsford St, Lowell, 
Mass 

Counts, John F (47), 789 Dennison Ave, Apt 204 
Columbus, Ohio 

Coupe, George H (48), 353 W Webster Ave, Muskegon, 

Couper, Arthur G, Jr (52), 100 Hillsdale Rd , Dedham, 
Mass _ _ . , , 

Coiirno>er, Adelard W (55), 42 Fiske St , Southbridge, 
Mass 

Court, Frances Ann M (51), Rte 1, Prospect, Ohio 
Courtemanche, Arthur P (56), 6650 Hirondel, Houston 17, 
Tex 

Courtney, Roy E (54), 529 S Hollenbeck, West Covim, 
Cahf 

Cousins, Walter, Jr (46), 518 Intenirban Bldg , Dallas, 
Tex 

Coutros, Anthony W (50), 100 Montgomery St , Jersey 
City, N J „ 

Cover, George S (57), 323 S Cherry St. Myerstown, Pa 
Covington, James W (55), 830 Westover Rd , Montgomery, 

Covington, Robert T (56), US Naval Hosp, San Diego 

Covinsky, Howard (56), 3623 Boardwalk, Atlantic Lit}, 

Cowan, Edward H (49), 4200 Ave K, Apt 1 AA, 

Brooklyn 10, N Y « , r r 

Cowin. Frederick F (52), 2007 Naylor Rd , S E* 
Washington 20, D C , ^ v 

Cowan Philip E (47), 208 Richton Ave. Highland ParK 

Cov\drey, George N (52), 6350 Van Nujs Blvd, 

Nuvs, Cahf ^ . 4 n nr^ni,. 

Cowell Verne W (34), 4836 N Cedar Ave, El ^lontc. 

Cahf __ * . Ti I 

Co«ell, William if (55). 90 Nahom Dr, Apt n I. 

Hartford, Conn „ . . ^ 

Cowl, Jaj A (52), 2422 Clinton Ave, S, Apt K 
Minneapolis, Minn ^ . 

Cowles, Donald O (55), 5238 S State. Tacoma, \\^sn 
Cowles, ^rarc^a V (57), 725 Adams St, Bedford. Ohio 
Cowles, Russell A (42), Difco Labs , Inc , 920 Henry .. • 
Detroit 1, Mich 

Conley, John D , Jr (56), 48 Crenshaw Ct , Hampton, va 
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Co\\ley, MeKm (48), 68 N Mam St, Cedar Cit>, Utah 
Cowsert, Lex M (55), 1908 Ha\\thorne A\e, Alexandria, 
Va 

CaXy Ahin C (45), 9 Commerce St , West Pomt. Miss 
Cox, Betleigh C (55), 1913 DelaNvarc Rd , Waukegan, III 
COX, CYRUS L (19), 2 Halleck St, Newark 4, N J 
Cox, George J (57), 4136 Grand Ave , Omaha, Nebr 
Cox, Hazel (56), 1028 E McDouell Rd , Phoenix, Arir 
Cox, John L (56), ^548 Ross A\e , El Centro, Calif 
Cox, Joseph C (56). P O Box 327, HuntsMlle, Ala 
Cox, Norman D (51), 1121 — 23rd St., Portsmouth, Ohio 
Cox, Perr> E (52), Carrauaj Methodist Hosp , 2506- — 16th 
Ave, N , Birmingham, Ala 

Co>ne, Geneviev^e R (49), 307 S Main St , Old Forge, 
Pa 

Coyner, Vance T (49), P O Box 709, Bend, Oreg 
Cozamtis, Demitnos (54), 108 W State St, Kennelt 
Square, Pa 

Crabtree, Hendnx E (S3), Eudora, Ark 
Crabtree, Ross E (50), 2116 N Kitle>, Indianapolis 18 , 
Ind 

Craft Preston R (49), 107 W 7th, Junction City Kans 
Crahan Kenneth T (56), 1517 S 13th, Fargo, N Dak 
Craig, David T (48), Radciiffe, Iowa 
Craig, Donald P (SO), 221 Pomona Ave, El Cernto, Calif 
Craig, Frankie D (54), P O Box 449, Gilmer, Tex 
Craig, Jean B (54), Pendragon Dr, Kingsport, Tenn 
Craig, Freddis (47), 247 Glcnwood, Buffalo 8, N Y 
Craigen, Leslie J (52), 7622 Aurora Ave, Seattle 3, 
Wash 

Craighead, E F (55), 3928 St Louis Ave , Port Worth 
10. Tex 

Craighead, Warren R (48), 1611 — 16th St, Woodward, 
Okla 

Cram Flovd H (50), Jenkins &. Billmger Pharmaej, 
Ripley, Tenn 

Cram, Stanlej (55), 1811 Ave W, BrooKJsn 29, N Y 
Cralego, Joseph A (46), 1320 Santa Margarita Dr, 
Arcadia, Calif 

Crall, Harold (46), 201 E Matthews, Jonesboro, Ark 
Cramer, A Robert (52), 304 RhmecUff Dr, Rochester IS, 
N Y 

Cramer, Richard E (49), 319 Trenton Ave, Pomt Pleas 
ant, N j 

Cramer, WiUiam J (53), 16 E Lawrence St, Mtllfown, 
N J 

Crampton, James M (54), Xavier University, New Orleans 
25, La 

Crandall, Burdette (53), 417 Mam St, Safford, Ariz 
Crandall, Douglas W (46), Mam St , Mexico, N Y 
Crandall, J Verne (28), 8290 Mendota Ave, Detroit, 
Mich 

Crandall Ljle Q (54). 3010 E Broadwa), Tucson Anz 
Crane Barry (55), 63 30 Parsons Bhd , Fresh Meadows 
65. N y 

Craner, Leo P (56), 968 S Governors Ave , Dover, Dela 
Crapo, Richard I (53), 971 S Second E, Sandy, Utah 
Craska, Francis M (53), 3942 Coleman St, Pittsburgh 7, 
Pa 

Craven, Robert L, Sr (52), 3613 Evans St, McKeesport, 
Pa 

Cravens Edward H (56), Box 529, Veteran’s Admmistra 
tion, Tuskegee, Ala 

Craven, Franco (57), Via Bianca di Savoii n 15, Milano, 
Italy 

Craw, Robert O (46), Eureka Pharmac} , Eureka, 111 
Crawford. Samuel D (47), 1810 Newport Blvd , Costa 
Mesa, Calif 

Crawford, Thomas G (46), 1410 Alpha Circle, West Palm 
Beach Fla 

Craycraft, Tyrus R (53), 740 Gabriel Ct , Kirkwood 22, 
Mo 

Craycraft, Vernon R (53), 18 Orchard Lane, Kirkwood 
22, Mo 

Creagan, Donald R (56), 1701 Hermitage Rd , Ann Arbor, 
Mich 

Creason, Saul (57), 2427 Jackson St , Anderson Ind 
Creasv William N (49), 48 Scarsdale Rd , Tuckahoe 7, 
N Y 

Crebbin, Harr> (56), 1667 — 12th Ave Columbus, Nebr 
CrelUn, James H (54), D & S Drug Tucumcan N Mex 
Crepas, Charles D (51), 3221 OvcrhiII, Chicago 34, III 
Cresap, Jean F (54), 2820 Coolidge Hwy , Royal Oak, 
Mich 

Cress H G (56) Monticello Ga 

Creviston, Dinne (54), 5161 N Ashhnd Ave, Chicago 40, 
111 

Crews, Elmer A (51), 1214 Shannon Ave, Indianapolis 
1, Ind 

Cnbbs, William (52), Black Lick Pa 
Crichton, Patrick V (48) 895 Bridgeway, Sausalito, Calif 
Cnckcnberger Sam W (56), S C Chancellor Co, Inc, 
Box 3394, Univ Stn , Clharlottesville, Va 
Cnsafi Robert C (52), New England CoH of Pharmacy, 
70-72 Mt Vernon St Bo^^ton 8, Mts« 5 
Crisafiilli, Joseph C (52), 338 04 — 76th Ave, Tlushing 67, 

Cnsalh, Joseph P (45), USPHS Hosp, 210 State St, 
New Orleans 18 La 

CnsvNell, Arthur, Jr (54), John SealK Hosp Pharmacy, 
Galveston Tex 

Criswell John P (56), 1505 S Holland. Spnrgheld 4. Mo 
Criswell Thomas P, Jr (40), 935 McNcel Rd , San 
Antonio, Tex 


Crittenden. Katherjn M (53), 500 E Marvland Ave., 
Crew e, V a 

Cntz, Thomas B (53), 7 Lawrence, Jordan, N V 
Crocetti, Robert A (56), Sol S 17th St Columbus 5, Ohio 
Crocker, Hilary B (52), Dean Rd . Cochitimte Mass 
Crocker, \ mcent (55), 3965 Laclede Ave St Louis S Mo 
Crockett, Jack O (46), 506 N 17th St , Nashville, Tenn 
Crockett, Marion S (44), 706 Bernard St , Bakersfield 
Cahf 

Cromwell, W H (55), 104 N Court St « Florence ■Ma 
Crone, Kenneth O (52), 65 Lerov St , Binghamton. N Y 
Cronheim, Georg E (43), Riker Labs, Inc, P O Box 
3157, Terminal Annex, Los Angeles 54, Cahf 
Cronin, James H (57), 215 W Clark St, Negaunee Mich 
Cronk, Dale H (51), School of Pharraaev, Med Coll of 
South Carolina, Charleston 16, S C 
Crook, Sharon (49), 84 B St , Apt 18, Salt Lake City 3, 
Utah 

Crooks, Harold (33), 99 45 — 67th Rd Apt 309, Forest 
Hills, L I . N Y 

Crosby, Everett D (56), Rte 4, Walterboro S C 
Crosby, Justin D (49), 418 N Mam St , Piqua Ohio 
Crosby, Oscar W (54), V A Hosp , Box 49, Iowa Cit\, 
Iowa 

Croshn, Richard B (49), 1155 C N Verdugo Rd . Glen 
dale 6, Cahf 

Cross, Forrest W (41), Div of Special Health Services 
H E W Bldg • S , Room ’'615, Washington 25, D C 
Cross, Irwin (55), 3333 Morvenwood Rd , Jacksoiiv iJle “ 
Fla 

Cross, Jack L (47), 2431 Swansea Rd , Columbus 21 Ohio 
Cross John M (39), 1132 Gresham Rd , Plainfield. N J 
CROSSEN, GEOkGE E (34), School of Pharmaev, 
Oregon State Coll , Corv allts, Oreg 
Crosson, W B (49), McKesson &. Robbins 831 Castro 
St , (jakland 4 (jahf 

Crotty, Melvin W (55), 3S0S S Wakefield, Arlington 6, 
Va 

Crotwell, Herman, Jr (54) Walker, La 
Crouch, Victor H (51), 3853 Douglas Ave, Memphis 11, 
Tenn 

Croucher, James R (56), 207 E 22nd St, Paterson N J 
Croumey, Edward F (46), Mary Fletcher Hospital, Bur 
Imgton, Vt 

Crow, Kenneth (56), 2630 C St , Eureka, Cahf 
Crowder, Thomas C (55), P O Box 308, Lawrcnceburg. 
Tenn 

Crowe, David F (46), Chunn s Cove Rd , Box 26, A<he 
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Denmark, George D (55), 893 Mam St, Hmgham, ^fass 
Denmark, Herman (51) la9 Surf St, Santa Monica, Cahf 
Denmark, William J, Jr (56), 1418 E 57th St, Savan 
nah. Ga 

Dennis, Walter T (53), 18204 Magnolia Pkwy , Detroit 
19, Mich , 

Dennison Joe V (57), 126 N 13th St Lincoln, Nebr 
Deno Richard A (37), Coll of Pharmacy, Univ ot 
Michigan Ann Arbor, Mich 
Denton, John K (49), Bath Co, Owingsville, K> 

Dc Nuzzo, Rinaldo V (51), 17 Forrest Dr, Rensselaer 4 

N V 

Deodati, D J (52), 407 Jersey St, Staten Island 1, N i 
Dep, Frances J (54), 6027 N Arlington Blvd, Richmond, 
Cahf 

DcPalma, C W (44), 238 Bishop St , Waterbiiry 70 Conn 
Dc Palma, Elmer V (55), 154 Northfield Rd , Rochester 

De Pasquale, Thomas J (55), 125 Woodbndge, Buffalo 
14 N Y „ , 

De Paul, Vincent A (48), 4020 Plumstead Ave, Drexel 
Hill, Pa ^ ,, ,, 

De Perna, Thomas C (52), 23 Peter St Buffalo 7, N i 
DePetns, William L (54). Mattituck NY 
de Ponce, A Mesa (40), Calle Juan Delgado 455, Vibora, 
Havana Cuba 

Deptula, William M (56), 223 Locust Ave, Wilmington 
5 Del 

D’Erasmo Frank J (54), 3900 Greystone Ave, New 
York 63, NY 

Derby, Hams F (48), 56 Bridges Ave, Massena N Y 
Derbyshire Ellwood M (55), R C N Hosp, Pharmacy, 
Cornwallis, Nova Scotia ,, , 

Derdenan, Audrev S (49), 7100 Freda, Dearborn, Mich 
Derek, William H (S3), Union Hospital, Dover, Ohio 
Deremiah, Joseph W (55), 14 Crossvvinds, St Louis 24, 

Dereskevich, John A (50), 124 Sunbury St, Minersville, 
Pa , 

Derminis, Inara A (52), 3727— ISth St , N E, Seattle, 
Wash . „ V 

Dermant, Andre (56), 60 E 56th St, New York 22, N Y 
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Dibble, Stephen E (53), 26 First Ave , Apt C, Daly Cit>, 
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DiBenedetto, Vito A (53), 3110 Bainbridge A\e , New 
York 67, N Y 

Di Cesare, Joseph (55), 188 W Ferry St, Buffalo 13, 
N Y 

Dichter, E R (53), 150 Bennett Ave , New York 40, N Y 
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DiCicco, George (54), 444 Princeton Rd , Plainsboro, N J 
Dick, James M (53), P O Box 615, Venice, Fla 
Dick, Lester C (54), 425 S Main, Ke>port, N J 
Dick, William E (47), 1208 Logan St, Alton, 111 
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Dickerson, Joe B (55), Horaerville, Ga 
Dickerson, Paul E (56), 1630 E Maple, North Canton, 
Ohio 

Dickerson, Warren W (54), 3 Edgemore, Hutchinson, 
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Dickcj, Theodore E (56), 694 S Everett, Columbus 1>, 
Ohio 

Dickinson, Doroth\ (43), Patten Drug Store, Patten Maine 
Dickison, Walter L (56), 618 N Bradle\» \\ eathertord, 
Okla 

Dickman, Robert M (47), 2506 Greenwood Aae, Rockford. 

Dickmann, Quentin J (50), 2119 College Aae . Alton, III 
Dicks, Hubert V (55), Au Sable Forks, N \ 

Dicks, Noel C (51), 430 W Mam, Decatur, 111 
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Dickson, William Z (49), 1201 S E 71st A\c, Portland 
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Diegelmann, Leo F (43), 3745 Cumberland St , N \\ , 
Washington, D C 
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Dietel, Herman J (20), 10972 Ashton A\c, Los Angeles 
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Dietrich, J Wilham (56), 26 Augusta Dr, Newark, Del 
Dietrich, Y\onne M (53), 260 N W 24th St, Miami, Fla 
Dietz, Joseph L (50), 663 Third St , Traej, Minn 
DiGangi, Frank E (41), Coll of Pharmaej, Uni\ of 
Minnesota, Minneapolis, Mmn 
Diggs, Edward W (43), 517 E Rudisill, Fort \\i\ne 4, 
Ind 

Digilio, John T (55), 63 Park A\e , Ba> shore, L I , N Y 
DiGiovanni, George (46), 33 S W 52nd Ct , Miami Fla 
DiGio\ine, John J (53), 6115 — 62nd PI, Ruerdale Hills 
Md 

Digman, Ralph L (47), 2875 Washington St, Da\enport, 
Iowa 

DiGristme, Mar> R (56), 112 S Gilmor St , Baltimore 
23. Md 

Dillard, Charles W (51), 3991— 28th A^e, N , St Peters 
burg, Fla 

Dillard, William M (55), 745 Chewacla Dr, Auburn, Ala 
Dille, James M (40), School of Medicine, lJni\ of Wash 
ington, Seattle 5, Wash 
Dillon, Richard J (44). Paw Paw, Mich 
Dillon, Wilham M (51), 208 W Lexington St, Independ 
ence. Mo 

Dilsavor, Richard B (50), 375 Carilla Lane, Columbus 4. 
Ohio 

Dilts, Daniel W (56), 81b N Wheeling, Muncie, Ind 
DiMarco, Robert P (56), 221 W 6th A\e, (^onshohocken, 
Pa 

DiMaria, Sahatore (47), 215 Boulevard, Hasbrouck 

Heights, N J 

DiMana, Vincent S (49), 309 E Mesa Gillup N Mex 
DiMattia, Alfred S (57), 604 Ma>fair St, Philadelphia 
20, Pa 

Di Mattia, Philip E (55), 7 Park PI, Jamaica Plain 30, 
Mass 

Dimmitt, Addison, Jr (42), Newman Pharmacal Co , 31S 
W Main St, Louisville 2, K> 

Diner, Ervin (49), 405 Heatherwood Rd , Havertown, Pa 
Dinkier, George (58), Hennessej, Okla 
Dintcr, George (54), 205 S W 12th St, "^^ort Lauderdale, 
Fla 

Dinwiddie, Morns (54), 1878 A Clajmore Dr, Marietta, 
Ga 

Dion, Kenneth M (47), 612 Ridgewood Rd , Westwood 
P O , N J 

Dion, Robert (57), 68 Kinsle> St , Nashua, N H 
Diolalevi, Eugene T (53), 483 King St, Stamford, Conn 
DiPasquale, Patsy M (51), Citj Pharmacj, Amsterdam, 
Ohio 

Di Pietrantonio, Peter (53), 311 E Count> Line Rd , 
Ardmore, Pa 

Dippold, Edward R (52), 401 W Chestnut, Gillespie, III 
Di^pold, Robert A (41), 401 W Chestnut St , Gillespie, 

DiRaimondo, Samuel L (55), 2026 Harlem BI\d, Rock 
ford. 111 

Discher, Clarence A (55), Rutgers Coll of Pharmac>, 1 
Lincoln Ave , Newark 4, N J 
Dismukes, William I (53), 43rd 5. Duval St , Austin, Tex 
Dismukes, Willis H (56), P 0 Box 218, Ralls, Tex 
Dispensiere, Victor E (56), 101 Lake Ave, Fair Haven, 
N J 

Disseikoen, Gordon (56), 247 Colonial St , Zeeland, Mich 
DiStasio John W , Jr (55), 53 Joclyn Rd , Cheshire, Conn 
Ditch, Keith A (55), 42 Apache Ct , South Haven, Mich 
Ditchek. David N (44), 905 Mjrtle Ave , Brookl>n, N Y 
Ditchfieid, Charles D (54), 722 Green St , Williamsport, 
Pa 

Dittmar, IMoritz A (23), 165 Franklin St , Bloomfield, 
N J 

Dittmar Richard O (47), 6514 Bergenline Ave, West 
New York, N J 

Divine, Edward H (46), 636 Church St, Evanston, 111 
Divine, P G (47), P O Box 706, Fresno, Calif 
Divine, Wilham B (51), 3705 S 8th St, Arlington, Va 
Dix, Robert C (55), P O Box 341, Nicholson, Pa 
Dixit, Gunvantra> K (51), Lederle Labs (India), Ltd , 
Pamera, via Bulsar, India 

Dixon, David J (55), 1424 Brentwood Dr, Evansville, 
Ind 

Dixon, George E (57), 402 Post Office St , Sour Lake, 
Tex 
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Dixon, John D (53), 3340 N Meridian, Apt 112, Indian 
apolis, Ind 

Dixon, Joseph M (46), 203 Vernon St, Roseville, Calif 
Dixon, L J (47), 163 Chcrol ec Rd , Hampton, Va 
Dixon, ^lartha Jane (55), P O Box 254, l-nglcuood, 
Tenn 

Dixon, Roscoe B (51), 9712 S Indiuia Avc , Llncago 28, 

Dixon, William J (47), P O Box 119, Oak IIiII, W Va 
Djao, Er Hung (50), Coll of Pharmacj, Uni\ of Texas, 
Austin, lex .... 

Djerf, William L (57), 642 Alabama. Apt 2, Memphis, 
lenn 

Dmytnu, Nicholas (47), 994 Rahwaj Ave , A\enel, N J 
Doane, (jcorge O (57), 5244 Rossellc St, Jacksonville 5. 
ria 

Dobbins, James P (56), P O Box 809, Stamford, Fex 
Dobkin, Melvin C (53), 1414 Columbia, Vancouver, Wash 
Dobosh, Stephen E (31), 2919 IIojic St, Huntington Park, 
Calif , , 

Dobson, Harold G (46), 58 Main St, Brockport, N \ 
Dock, Ben (43), 5825 N Delaware St, Indianapolis, Ind 
Dock, Orville A (52), 703 S Gilbert St, Ada, Ohio 
Dockham, Llniles D (52), 223 Shore Dr, Laconia, N 11 
Dockra}, Lucien R (54), 3614 Pollard St, LI Paso lex 
Doctofsk> Maxim 11 (47), 91 Mam St , Woodbridgc 

N J 

Doctofskj, Roy S (56), 71 Lewis St, Perth Amhoj, N T 
Doctors, Donald H (49), 3 Peter Lane, Plainvitw, L 1 , 
N Y 

DODDS, ALVIN P (47), School of Pharmacj Med Coll 
of South Carolina, Charleston, S C 
Dodds, Arthur W (44), USPHS Hosp , Staten Island 

4, N Y 

Dodds, Jackson S (56), 1012 Third St, Devds Lake. 
N Dak 

Dodds, Roberta E (49), 6204— 12th Avc . N E Seattle 

5, Wash 

Dodge, Arnold H (48), 4712 Little Falls Rd , Arlington 
7, Va 

DODGE, AUSTIN A (31) School of Pliarmacj, Univ 
of Mississippi, Universitj, Miss 
Dodson, John A (51), H \ C Hosp, Kingsport, Tenn 
Dodbon Norns A (41), 2253 — 8th St, N W , Washing 
ton D C 

Duerge Robert F (45), Smith, Kline & French Labs, 
Philadelphia 1, Pa 

Doerr Albert (46), Napoleon, N Dak 
Doeir Charles D (55), 155 E 44th St, New '1 orl 17, 
N \ 

Doerr Dale W (51), CoU of Pliarmacj, Butler Univ , 
Indianapolis 7 Ind 

Doeirer Richard C (56), 177 Elm St, Westfield, N J 
Doersebuk Albert P (44), Chem Pro Improvemtiit Dtpl , 
Lcderle Labs, Pearl River, N Y 
Doheny Howard J (54), 406^/2 Jones St Evelcth Minn 
Dohertj, Joseph (52), 79 Landseer St, West Uoxhurj 32 
Mass 

Doheity R J (53) P 0 Box 713, Oswego, Oreg 
Dohertj William F (55), 6336 Clajton Avc, St Louis 
10, Mo 

Dohmen Erwin J (58), 9205 N Upper River Rd Mil 
waukee 17, Wis 

Doi Frank K (54) 12 E 17th St. Merced. Calif 

Dolan, Charles F (55), Baxter Labs , Morton Grove 111 
Dolce Joseph (55), 196 Montrose Avc, Brookljn N \ 
Dolecki, Jojee (57), 70 Starmond Ave, Clifton, N J 
Doles, Richard H (51), Memorial Hospital, Logansport 
Ind 

Dolese Rodnej T (52), 1500 Tricon St , New Orleans 17 
La 

Dohn, Edward M (53), 3276 Silsbj Rd , Cleveland Heights 
18 Ohio 

Dolin, Loins D (55), 22 Curry Hill Rd , Lcvittown, Pa 
Dollmann, Glenn T (56), 625 Ruth St , Bridgeport Conn 
Domingo, Corazon A (56), 307 S Boyle Avc , Apt 3, Los 
Angeles 33 Calif 

Dominguez, Conchita (56), 4396 Lindell St Louis 8 Mo 
Dominguez, Mane (55), 819 Hunts Point Avc, Bronx ^9, 
N y 

Donahue, John F (52), 7407 Juler Ave, Cincinnati tj, 
Ohio 

Donaldson, Donald N (53), 2329 — 10th, N, Apt 206, 
Seattle, Wash 

Donaldson, Gailan E (49), 419 Surratt Dr, Houston 18 
Tex 

Donaldson, John E (46), 77 P St , N E , Washington 2, 
D C 

Donan, Ann C (57), 5143 Belmont, Apt 3, Houston, Tex 
Ponat, Thomas A (54), 525 Logan Ave , Toronto, Out 
Canada 

Donatelli, John (46), 752 Merchant St , Ambridge Pa 
Dondero, Frank E (45), USPHS Hosp , Seattle, Wasli 
Donelson, Jack L (52), 1019 Harding, Ames, Iowa 
Dong, Franklin (55), 1712 W St Sacramento, (jalif 
Dong, Lela L (55), 2206 B Grove St , Berkelej 4, Calif 
Doniger, Alfred S (47), Warwick Rd , Box 583 Colonia 
N J 

Donley, Richard (49), 709 W 104th St, Los Angeles 44, 
(Jahf 

Donlin Mary E (52), 3832 Slicrman Waj, Sacramento 
17, Cahf 

Donnell, Frank M (S3), 1313 Woodland St, Nashville, 
Tenn 


Donnell, M M (45), P O Box 497. The Dalles, Oreg 
Donnelly, Harvey S, Jr (52), 1111 North St, Pittsfield, 
Mass 

Donnelly, John H , Jr (55), 426 Sickles St , Kennett 
Square, Pa 

Doniicr, Baxnct (52), 243 Shephard Ave, Newark 8, N J 
Donovan, Daniel P (51), 16/U — 21st Avc, San 1 rancisco, 
Calif 

Donovan, I rancis E (49), 49 Main St , Fair Haven, Vt 
Donovan, George J (50), 114 Park Ave , Naugatuck, Conn 
Donovan, Neil E (50), 2070 — 34th Ave , San Francisco, 
(jalif 

Doodlcsack, Louis (49), 34 Ashland St, Medford 55, Mass 
Dooley, Mary Jo (54), 417 S W 23rd Terr, Fort Lauder 
dale, Fla 

Dooley, William T, Jr (47), 134 Park Rd , Webster 
Gloves 19, Mo 

Doorciibos, Norman J (56), 32 S Greene St , Baltimore 1 . 
Md 

Dote, George C (52), 5834 Bcldart St, Houston, Tex 
Uoretti, Ricliard (53), 6307 W Melrose St , (Jhicago 34, 
111 

Dorcvilcli, Alexander (55), 4001 W Adams St , Chicago 
24. Ill 

Dortnian, Neil (55), 14530 Vernon, Oak Park, Mich 
Dorfner, Walter F (52), 109 W Mam St , Webster, N Y 
Dorhout, R Miles (55), 4615 Western Ave, Flint, Mich 
Dorigo, George (56), 683 E Utica St , Buffalo 11, N Y 
Dorm, David K (57), 102 N Portland Ave , Ventnor, 
N J 

Doilaiul, Russell E (55), 119 W. Dearborn St, Havana, 

in 

Dorman, Mary (56), 5307 Bajnton St, Philadelphia 44, 

Doros Frank C (54), Lakeland Dr, Laurelton, N J 
Dorsclit, Elia G (45), 332 S Oakhurst Dr, Beverly Hills, 
Cahf 

DORSEY, JACK W (36), 42 E McCIam Ave, Scotts 
burg, Ind 

Dorsey, James R (52), Blanchester, Ohio 
Dorsey, James S , Jr (54), 970 Rose Circle, S W , Atlanta, 
(ja 

Dorsey, Lillian M (50), 2006 Locust St, Omaha, Nebr 
Dorsey, Marvm J (53), 510 Kiowa, Leavenworth, Kans 
Dorstcwitz, Audrey M (57), 809 Broad, St Jos^h, Mich 
Dorta, Alda G (55), P O Box 336, Hatillo, P R 
Dorvvart, 2/Lt Clinton B (56), U S Army Hospital, 
Fort McClellan, Ala 

Dorzeski, Edwin (57). 922 Clermont St, Antigo, Wis 
Dosal, Josephine (56), 30 38 Crescent St, Long Island 
(2ity, N Y 

Dott, John (55), 3427 Bleigh Ave, Philadelphia 26, Pa 
DoUcrweicli, Joseph H (45), Buffalo Pharmacal Co, Inc, 
206 Oak St , Buffalo 3, N Y 

Dmibek, Rudolph J (54), 5921 S Mozart St, Chicago 29, 

Doud, Mary Ann (55), 1825 Sonoma Hwj , Napa, Cahf 
Dougherty, A J (46), 804 W Indiana Ave, South Bend 
14, Ind 

Dougherty, James A (53), 804 W Indiana Ave, South 
Bend 14, ind 

Dougherty, Joseph (50), 27 Bushwick St , Huntington 
Station, N Y 

Dougherty, Leon P (55), P O Box 184, Cumberland, Md 
Dougherty, Oren E (55), 601 E Armour Blvd , Kansas 
Citv 9, Mo 

Douglas, Edith (56), Douglas Chem Corp , 1624 Darrow 
Ave, Evanston, III 

Douglas, Hildali V (49), 478 Bishop Akron 7, Ohio 
Douglas, Richard B (55), Rte 1, Box 77, West Monroe, 
La 

Douglas, Vivian F (56), 145-34 — 123rd Ave, Jamaica, 
N Y 

Douglass, Harold F (48), 645 S Fourth St, Ponchatoula, 
La 

Douglass, Norman (49), 830 S 22nd St , Columbus 6, Ohio 
Dovberg, Jack B (55), 635 Fitzgerald St , Philadelphia 48, 
Pa 

Dove, David L (54), 10753 St Xavier Lane, St Ann 14, 
Mo 

Dove, William E (45), Presbyterian Hosp, 27 S 9th St, 
Newark, N J 

Dow. James \V (47), 24 S Main St , Muncy Pa 
Dowhak, Max (56). 5 Valley Ct , Hicksville, N Y 
Dowler Rolland W (53), P O Box 4604, Spenard, 
Alaska 

Dowling, Ann M (53), 5526 College, Indianapolis 3, Ind 
Dowling Clement J (46), 5001 S Grand Blvd, St Louis 
1 1 AIo 

DOWNAR, WILLIAM J (45), 415 Warburton Ave, 
Hastings On Hudson, N Y 

Downey, Raymond E (51), 33 Woodmont Rd , West 
Haven, Conn 

Downing, E J (52), 425 Tower Rd , Rte 6 Pontiac, Mich 
Downing, Henry L (49), 7205 N W 72nd Way, Van 
couver. Wash 

Downs Bernard T (56), P O Box 2035, Detroit 31, 
Mich 

Dovle Lewis B, Jr (S3), 300 Washington St, Roanoke 
Rapids N 

Dovle Roheit W (50), 47 Chestnut Ave, Torrington 
Conn 

Dovle William T (57), 16 Hillside Ave , Livingston, 

N J 
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Dray, Matthew J (52), 534 Broadview, Hignland Park, 
Hi 

Drayer, Donald O (52), 733 S Homan Ave , Chicago 24, 
111 
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Dumbauld, Billy L (49), l.>4 Cromwell PJ , Davton a 
Ohio 

Dumesnil, Gertrude H (48), Lafavette Chantv Hospual 
Lafayette, La 

Dumont, Alfred A (44), 278 Mam St , Hvanms Mass 
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Eicliler, Herman (49), 9702 — 101st Ave, Ozone Park L, 

NY , ,,, 
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Keele, Frank W (51), 214 E Cornngton, Peoria, HI 
Keen, W Daniel (SO), 26S— 21st St, Atalon, N J 
Keen, W Q (57), 2144 Are P, Bay City, Tex 
Keenan, George 1 , Jr (57), Akron, L. 0 I 0 
Keenan, James R (53), 721 S 12th St , Springfield, 111 
Keenan, Alar> K (*^0), St Mary’s Hosp , Pharmacy, Du 
luth, Mmn 

Keene, Bernard M , Jr (52), 202 N Delaware, Indian 
apohs 4, Ind 

Keeney, Joseph A (52), Arlington Towers Apts , No 723# 
Arlington 9, Va 

Kehi, Henr> I) (49), 682 Princeton Ave , Trenton 8, N J 
Keifer, John S (48), 3255 S Cheiokee, Englewood, Colo 
Keil, Bett) A (52), 8760 Craig Ct , Castro Valley, Calif 
Keiser, Anne K (50), 1403 Rockland St , Pittsburgh 16, 
Pa 

Keiser, Herald D (56), Front & Mahoning Sts, Milton, 
Pa 

Keiser, James D (56), 218 10 Nimitz Dr, West Lafajette, 
Ind 

Keitges, William L (57), 3932 N 16th St, Omaha, Ncbr 
Keith Robert M (51), 1623 Fairfield Dr, Gastonia, N L 
Keith, Roderick D (54), Dunn's Drug, Braiiierd, Minn 
Kelch, Henry C (47), 4134 N Damen Ave, Chicagu 111 
Keleher, A Jerome (57), 3858 Cass St , Omaha 31, Ncbr 
Kcleti, Guillermo (45), tlrb S/Antonio, Calle Ohmpo 22, 
Caracas, Venezuela, S A 

Kellam, J A (49), 708 Atlantic Ave, Waycross Ga 
Keller, Charles J (47), 473 Sutton Ave, Hackensack, N J 
Keller. Clifford G (55), 2478 N 47th St , Milwaukee, Wis 
Keller, Elro> (47), 7001 \V Center St, Wauwatosa 13, 
W^is 

Keller, George R (56), 4412 Old Frederick Rd Apt E, 
Baltimore 29, Md 

Keller, J Bernard (55), 722 Bambiidge, Barnr, III 
Keller, Keith K (38), Bloomington &. Lake ot , Minne 
apohs, Minn 

Keller, Martin (54), 46 Laurel A\e, Irvington, N J 
Keller, Richard (j (54), 44 Whippoorwill Way, Mountain 
side, N J 

Keller, Sidney (55). 818 Park A\e, Bloomfield Conn 
Keller, William R (52), 3288 Dajtona Ase, Cincinnati 11, 
Ohio 

Kellerman, Harry J (52), 10 WMliam A\c, New Orleans 
21. La 

Kellerman, John F (50), 10 William A>e , New Orleans 
21, La 

Kellerraann, W^illiam A (54), 19 Prospect A\c, East 
Rockaway, N Y 

Kellett, Gordon (52), 1200 W^ S3rd St , Chattanooga, Tenn 
Keliej, Albert H (49), 511 Olive Way, Seattle 1, Wash 
Kelley, Glenn A (49), The Upjohn Co, Kalamazoo, Mich 
Kellei, Irving N (44), 207 State St, Bangor, Maine 
Kellej, John F (47), SlO Maryland Ave, Erie, Pa 
Kellej, John H (57), 5 Banks St, Brockton 18, Mass 
Kellej, Joseph (54), 2665 Dubbins Rd , Erie Pa 
Ke^lley^ Lester D, Jr (52) 23210 Oneida, Oak Park 37, 

Kellej, Robert E (57), 701 Palomar. El Cajon, Calif 
Kellej, Robert \V (57), 628 Main St, W^alsetiburg, Colo 
Kelley, Ronald L (55), 1704 Broadway St , Oceanside, 
Calif 

Kelley, Walter J (50), 94 Goldenrod Ave, Franklm So 
L 1 , N Y 

Kellison, Jack E (51), USS McDermut (DD677) FPO, 
San Francisco, Calif 

Kello, Richard H (49), 20 N College, Tulsa 4, Okla 
Kellogg, James N (49), Rte 2, Od City, Pa 
Kellstrom, A F (57), 3924 Ames Ave, Omaha 11, Nebr 
Kellstrom, William A (56), 309 Archibald, Kansas Citj 
11, Mo 

Kelly, Aaron G (56), 1205 Blackberry Dr, Pasadena, Tex 
Kelly, Ann P (54), 520 W Fifth St , Junction City, Kans 
Kellj, Charles J (32), Xavier Uiuversitj, W^ashiiigton & 
Pine Sts , New Orleans, La 
Kellj, Charles T (54), P O Box 171, Evergreen, AJa 
Kellj, Clark (44), 215 Winnie Rd , Delmar, N \ 

Kellj, G Benner (36), 230 W Sierra Vista Dr, Tucson 
Ariz ’ 

Ke'Iy, Gene M (52), Gaston, Ind 

Kelly, George D (54), 4629 Burgundy Rd , Jacksonville 
Fla 

Kelly, Guy T , Jr (56), 1013 Ljnda Lane, Arlington Tex 
Kelly, Jacques M (53), E R Squibb & Sons, New Bruns 
wick, N J 

Kelly, James P (54), 2915 George. Chicago 18, 111 
Kell), Jean N (56), 110 Georgia St, Houston, Tex 
Kellj, John R (56), 4319 Second Rd , N , Arlington 3 Va 
Kellj, Pvt Larrj F (54), Btrj C 514th AAA Msl Bn 
Qumcj , Mass 

Kellj, Robert W^ (S3), 23045 18th St , S , Kent, W^ash 
Kellj, Roy E (49), 82 62 — 172nd St , Jamaica 3, N Y 
Kelso, Ernest C (49), 1125 S Garfield, Alhambra, Calif 
Kelso, Mjron E (52), 1749 George W^ashington Dr, 
W'^ichita, Kans 

Kelz, Francoise A (53), 31 Dobbs Terr, Scarsdale, N Y 
Kemalian, Anthonj A (58), 295 Hams Ave, Providence 
1, R I 

Kempinskj, H A (53), 1426 Fourth Ave , Seattle 1, W^ash 
Kenausis, W^ilham R (52), 945 Bank St, Waterburj 10, 
Conn * 

Kendall, Arthur (47), 410 W’^ Gibbons St, Linden, N J 
Kendall, Carl T (58), 1542 Prospect, Rockj River 16, Ohio 


Kendall, Harry L (38), 2012 S Mam St , Santa Ana, Calif 
Kendall, John B , Jr (48), Ruston, La 
Kendall, John C (47), Lansing Pharmacy, Lansing, Kans 
ICendail, Kirby T (54), 299 Mam St, Kio Vista, Calif 
Kendall, Mervin A (54), 5518 Raleigh, Pittsburgh 17, pa 
Kcndnck, David D (53), 323 N Howard St, Moscow, 
Idaho 

Kendrick, Lawrence W (56), 3205 Grant Circle, Doraville, 
Ga 

Kcndnck, Lawrence W, Jr (SI), 1104 Ferndale Lane, 
Kinston, N C 

Kendricks, Leo G (S3), 20 S Gettysburg, Dayton 7, Ohio 
Kenelej, 1 rank 1 , Jr t46), 15847 LI boneto Dr , Whittier 
Cahf 

Kcniston, Arthur II, Jr (52), 7817 Atwood St, Apt 5, 
W^ashmgton 28, D L 

Kcnjoski, Vincent (38), Vincc Pharmacy, Osseo, Minn 
Kenna, Francis R (58), 115 Kennedj Ave, Homestead 
Park, Pa 

Kennedj, Carl B, Jr (57), 701 Hill St, South Norfolk, 
Va 

Kennedy, Clarence V (46), Mitchell, Nebr 
Kennedy, Donald R (47), 8564 N L Boelimer, Portland, 
Oreg 

Kennedy, Doiothy 0 (49), General Hospital, Everett, Wash 
Kennedy, Ldward h (58), 5144 Laurel Hall Dr, Indian 
apohs, Ind 

Kennedy, 1 lorence K (49), St Mary’s & Vaughan Sts, 
Winnipeg, Man , Canada 

Kennedy, Gordon W (45), 966 Mendocino, Stockton, 
Calit 

Kennedy, James P (52), 601 Merrick St, Clayton, N Y 
Kennedy, M J (48), 14 S Mam St, Janesville, W^is 
Kennedy, Maurice S (56), 1475 Dwight St , Holyoke, 
jMass. 

Kennedj, Thomas E (57), 52 18 Revere Rd , Dre'cel Hill, 
Pa 

Kennedj, William R (47), 1116 Markham Way, Sacra 
mento, Calif 

Kennej, Stanley B (44), 2679 Monroe St , Toledo, Ohio 
Kenney, William J (43), 714 Lee St , Charleston 1, W Va 
Kenney, William J (52), 6201 King Hill Ave, St Joseph, 
Mo 

Kennmglon, John H (46), 9810 Portage Dr, St Louis 21, 
Mo _ . 

KENNON, LLOYD (54), Smith, Klme & French Labs, 
1530 Spring Garden St, Philadelphia 1, Pa 
Kenny, John R, Jr (55), 43 Ellsworth Kd , Larcbmont, 
N y, 

Kent, Edward A (57), 1221 Farnam St, Omaha 2, Nebr 
Kent, George W^ (48), 18625 Hart St , Reseda, Cahf 
Kent, Mrs Ray N (45), 131 N 33rd, Apt 4 , Omaha, Nebr 
Kenyon, Barnet M (52), 141 State bt Auburn, N \ 
Kenyon, Glenn (46), 425 Universitj, Palo Alto, Calif,^ 
Keough, Carl H (56), 167 Marlboro St, Keene, N H 
Keown, Robert W (49), 235 Toledo W^aj, St Petersburg, 
Fla 

Kerbcl, Edward (43), 746 Sterling PI, Brookljn, N Y 
Kerber, Rajmond J (53), 530 Grove St, Avoca, Pa 
Kerbow, H B (57), Mertzon, Tex ai.,,eo 

Kercado, Landrau, Priscilla (55), Ponce de Leon #115o, 
Rio Piedras, PR , , . , 

Kerim, Samuel II (45), 3802 Fairmount Ave, Philadel 
pliia 4, Pa 

Kermashek, Eugene L (50), 1209 Atchison St , Atchison, 
Kans _ 

Kern, Charles J (53), 795 Harrison Rd , Villmova, Pa 
Kern, Herbert L (58), 49 W’^aban Hill Rd , N , Chestnut 
Hil! 67, Mass ^ , 

Kerii, Joseph H (49), Coll of Pharmaej, Univ of Florida 
Gainesville, Fla 

Kern, Max 1 (48), 505 Court St, Brooklyn 31, N Y 
Kerr, Charles K (47), S W^ashington St, Easton, Md 
Kerr, Donald (55), 135 Mam St, Hackettstown, N J 
Kerr, G Richard (48), 2575 W Montlake PI, Seattle 2, 
Wash 

Kerr, Mark C, Jr (53), 1510--34th, N W, Canton, Ohio 
Kerr, Robert M (56), 1210 Johnson Ave , Columbia, S C 
Kerr, Wendle L (47), Coll of Pharmaej, State Univ of 
Iowa, Iowa City, Iowa _ „ , 

Kerr, William R (32), Frederick Stearns &. Co, Sydnej, 
NSW, Australia ^ ,, , 

Kersenbrock, F J , Jr (57), 112 N Spruce St, Ogallala 
Nebr „ , , 

Kershaw, Dean (56), 12622 San Pablo Ave, Richmond. 
Cahf 

Kershner, Joseph H (52), 7 N Mam St, Doylestovvn, Fa 
Kertesz, Dennis J (57), 5547 N Ravenswood Ave, Clii 
cago 40 lU 

Kesinshian, Alfred A (3e), 107 Spruce St, Watertown 
72, Mass 

Keslmg, Estell F (55), Wabash Valley Sanffanum, Box 
308, Lafajette, Ind , i 

Keslmg, John H (47). 5231 Hohman Ave . Hammond, Ind 
Kessel, Yale (49), 2039 Lakeside Dr, Louisville 5, Ky 
Kessler, Everett R (57), 4188 Auburn Rd , Whitehaven, 
Tenn 

Kessler, Gunther K (50), 2607 S 8th St , Arlington 4, \ a 
Kessler, Helen (S3), 331 Amazon Ave, San 1 rancisco U, 
Cahf , 

Kessler, Norris A (57), 703 N McLean Blvd, Mempms 
7, Tenn t 

Kessler, Paul (43), 161 McKinley Ave, East Orange, i'* J 
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Kessler, \VesIe> D (57), 2534 — 44th Ave , San Francisco 
16, Calif 

Kestenbaum, Harold (48), 357 B Schley St , Newark 8. 
N J 

ketchani, Basil P (47), 5532 Windsor Ave , Philadelpht'i 
43, Pa 

Ivetscher, Fred E (57), 1115 G St, Reedley, Calif 
Kett, Herbert J (53l, 1971 Horatio A\e , iVlernck, N Y 
Ivettmg, J (55), 15 Park\\a>, Ivatonah, N Y 
Iveuss, Frank G (53), 2359 — lOtli, N , Seattle 2, Wash 
Neville, r M (42), IS91 Windsor Rd , San Marino 9, 
Cahf 

Kevorkian, Warren M (48), 835 W Glenoaks Bhd, 
(jlendale, (^alif 

Kewin, Edward J (53), 247 Holley St , Brockport, Iv \ 
Keyes, D N (56), Deer Park, Wash 
Ke>es, Ralph E (45), 349 Auburn St, Auburndale, Mass 
Khilnam, Dharam R P (54), 221 Strauss House, East 
Quad , Ann Arbor, Mich 

Kickham John V (57), 19508 Fairwa) Ave, Maple 
Heights Ohio 

Kidder, Cordon C (56), 7841 East End A\e, Chicago 49 
111 

KIDDER, COL JAMES H (33), OTSG Dept Army, 
Washington 25, D C 

Kidwell, Janies R (52), 4710 Alice, Corpus Chiisti Tex 
Kiefer, A O (SO), P O Box 275, Dade City, Ha 
Kiefner, Richard E (54), 5030 Pennwaj St, Philadelphia 
24, Pa 

Kiehler, Lambert G (47), 18018 James Couzens Hwy . De 
troit 35, Mich 

Kiener, Bertram N (51), 735 Park Ave, Rochester 7, 

N y 

KienHe, Fred B (49), 540 W RandoJph St, CkicjffO 30, 
III 

Kierj Leniont B (52), 401 — 7th Ave, S E, Minneapolis, 
Mmn 

Kierstcm, Martin (48), 50 Sylvan PI , Valley Stream, 

N y 

Kiester, John H (44), 200 Carpenter, Clarksburg, W Va 
Kievitt, Joseph E (47), 80 Union Blvd . Wallinkton, N J 
Kihara Mrs Cisco (49), 4401 Bidwell PI, Stockton 4, 
Cahf 

Kikuchi, Ned (56), Central Hotel, Burley, Idaho 
Kilburn, William E, Jr (52), 19 Lanpher St, Lowville, 

N y 

Kilcrease, Thelma L (55), 2130 Broadway Ave, Pittsburgh 

Kile, Thomas J, Jr (49), 2504 Helen St, Augusta, Ga 
Kilgus, Chris K (47), Country Club Hts , Rte 1, Mays 
ville, Ky 

Kilijian, John G (48), 2 Brookwillow Ave, West Long 
Branch, N J ^ 

Kill, Haivey 0 (52) 629 Monongahela, Glassport, Pa 
Killian, Caleb L (50), 432 Schuylkill A\e, Reading, Pa 
Kiilion, W M (49), 1330 E Workman Ave, West Covina, 
Cahf 

Killough, Donald T (50), 2611 W Midland Rd , Midland. 

Kilpatrick, Wilham G (56), P O Box 141, Vonore, Tenn 
Kiizer, D James (56), Ivey Drug, Chinook, Mont 
Kim, Thomas R (51), Amsler Pharmacy, 818 Warrington 
Ave, Pittsburgh 10, Pa 

Kimbriel, Harry (56), 60 E 42nd, Rm 3106, New York 
17, N Y 

Kime, John E (57), Chas H Miner State Hospital, Ham 
burg, Pa _ 

Kimes, Earl A (46), 136 Haws Lane, Philadelphia 18, Pa 
Kimmel, Jess C (44), Mill City, Oreg 
Kimsey, James C (45), P O Box 507, Toccoa, Ga 
Kinard, jfack (56), 709 W French Ave, Temple Tex 
Kincaid, Dwane L (48), 2110 S Utica, Tulsa Okla 
Kincaid, F Dale (56), 1205— 148th PI , S E, Bellevue. 
Wash 

Kincaid, Jess L (46), 7024 W Colfax Ave, Denver 15, 
Colo 

Kinder, Forrest (55), 622 Francis St , St Joseph, Mo 
King, Abraham A (53), 127 Standart St , Syracuse, N Y 
King, Albert (54), 284 Quincy Ave, Quincy 69, Mass 
KING, BERNARD H G8), 5220 Ashbourne Lane, Indian 
apolis 5, Ind 

King, Charles M , Jr (52), 3310 Azalea Ave , Trevose. Pa 
King, Edmond D (49L 1723 Marlow Dr , Louisville 16, 
Ky 

King, Edward A H (33), Crookes Barnes Labs, Inc, 
P O Box 655, Mountain View, N J 
King Elmer T (44), 610 Locust St, Des Moines Iowa 
KING, GEORGE A N (92), 911 W 43rd, Minneapolis. 
Mmn 

King, George J (55), 505 Hamilton Rd , Merion, Pa 
King, Gilbert (41), 836 Market St, Chattanooga Tenn 
King, Tohn A (531 Research Du , Armour & Co, Union 
Stock Yards, Chicago 9 III 

KING, JOSEPH G (47), 836 Market St, Chattanooga 2, 
Tenn 

King, Lillian T (S3), 716 Market St , Gloucester N J 
King, Louis D (47), Coll of Pharmacy, Rutgers Univ , 
Newark 4, N J 

King, Marion M (47), 700 Kansas Ave, Rm 1 A, Topeka, 
Kans 

King, N L (47), Mam St, Rural Valley, Pa 
King, Nydia ^1 (52), Univ of Puerto Rico, Box 1846, Rio 
Piedras, P R 


King, R M (57), 400 Grant, Carthage, Mo 
King, ^y H (47), 6743 Pershing Rd , Stickne%, III 
King, Raymond H (54), 142a State St. Santa Barbara. 
Calif 

King, Robert E (43), Almshouse Rd , Rte 1, Chalfont, Pa 
King, Standish B (49), j 70 Grove St , Chicopee balh. 
Mass 

King, Tom E (47), 424 Chanslor Dr, Ferguson *.1, Mo 
King, Vernon D (54), Rte 4, Zebulon, N C 
King, W Earl (57), 111 Church St , Ferguson 21, Mo 
King, William J (47), 456 W Hejbum Twin Falls, Idaho 
Kmginger, Wood D (50), 3307 Greenfield Rd , Dearborn, 
Mich 

Kingsbury, Lucile H (55), Oakley, Idaho 
K*ngscott, Seaford H (56), 65 Cass Ave, Mount Clemens, 
Mich 

Kingwell, Benjamin J (46), 860 Oakglade Dr , Monrovia, 
Cahf 

Kmkead, Roscoe H (49), 604 K Allen St , Centralia Mo 
Kinlay, Desmond J (al), P O Box 242, Cape Town, 
South Africa 

Kinn, John (52), 569 Pine Ave, Pacific Grove, Cahf 
Kinnard, William J, Jr (57), School of Pharmacy, Unu 
of Pittsburgh, Pittsburgh 13 Pa 
Kmne, Alan S (56), 970 Great Plain Ave, Needham, 
Mass 

Kinner, Harold C (40), 5905 Riggs Rd , Hyattsville Md 
Kinney, Nancy M (51), 1917 Alabama Ave, 1 ort Wayne 
3, Ind 

Kinney, Ned E (47), 3912 Wenzlick Ave, St Louis 9, 
Mo 

Kinross, Ralph B (56), 3836 Boomer Rd , Cincinnati 11, 
Ohio 

Kin<ey, Herbert S (47), 7S Pumphrey Terr, Delaware, 
Ohio 

KINSEY, RAYMOND D (26), 1324 Taylor St , N E, 
Washington, D C 

Kinsley, Dale L (41), P O Box 761, La Grange Ga 
Kionka, Milton H (54), 4629 Chatsworth, Detroit 24, 
Mich 

Kirby, Carl M , Jr ( 37 ), P O Box 1042, Goldsboro, N C 
KIRCH, ERNST R P (29), 1333 Thorndale Ave, Chi 
cago 40, 111 

Ktrchmeyer, Fred J (46), 405 Longview Dr, Waukegan, 

Kirchner, Catherine E (42), 3910 Sunset Dr, Los Angeles 

27, Cahf 

Kirchoff, Richard A (56), Williston Manor, Williston, 
N Dak 

Kinfides, Sultana M (52), 366 Wyndmoor Rd , Springfield, 
Pa 

Kirl , Catharine E (47) Rising Sun, Md 
Kirk, Howard (57), 2611 N 45th St, Omaha, Nebr 
Kirk, James H (56), 5761 Brace St, Detroit 28, Mich 
Kirk Michael (46), 184 Rowland Ave Clifton, N J 
Kirkland, Jack C (40), Memorial Med Center, Williamson, 
W Va 

Kirkland, Vance L (56), 6124 Garfield Ave, Hammond, 
Ind 

Kirkman, Wallace (56), 132 E Fourth, N, Logan, Utah 
Kirkpatrick, David V (52), 324 E Alegria, Sierra Madre, 
Calif 

Kirkpatrick, Richard B (52), Juneau Drug Co, Box 1151, 
Juneau, Alaska 

Kirpitch, Robert (54), 370 Badger Ave, Newark 12, N J 
Kirsch, Nathan C (43), 93 Cedar St, Millburn, N J 
Kirsch William E (55), 6823— 29th, N E , Seattle, Wash 
Kir«;chcnbaum, Gilbert (49), 1537 Northgate, Springfield, 
Ohio 

Kirschner, Gerald (55), 212 03 — 7Sth Ave , Bayside 64, 
N Y 

Kirschner, Robert (52), 1408 New York Ave, Brooklyn 10, 
N Y 

Kirschner, Barry' (54), 1114 E 51st St, Brooklyn 34, 
N Y 

Kirson, Abraham (48), 111 Glenwood Rd , Elizabeth, N J 
Kishkis Michael J (47), 296 Wood Ave , Hyde Park, Mass 
Kisner Talmage W (49), 125 E Mam St , (2anm, 111 
I iss, Geza J (S3), 2502 F St , San Bernardino, Cahf 
Kiss, Max (44), 423 Atlantic Ave, Brooklyn, N Y 
Kissner Carl A (57), 21301 Gratiot, East Detroit, Mich 
Kist, William (43), 127 Searing Ave, Mmeola, L I, 
N Y 

Kistler, Stephen B (55), Johns Hopkins Hosp , Pharmacy, 
Baltimore, Md 

Kitaba>aslii, Run (47), 80 Camino Del Sol, Martinez, 
_ Cahf 

Kitabayashi, Sam (45), 80 Camino Del Sol Martinez, Calif 
Kitchen, George L (46), 68 Birchmount Rd , Toronto 13, 
Ont , Canada 

Kitchen, Joseph M (53), Southern Coll of Pharmacy, 223 
Walton St , N W , Atlanta Ga 
Kitlowski, Z H (55), 230 N Brookfield St, South Bend 

28, Ind 

Kit’susc Nelson A (47), 1344 W Carmen Ave, Chicago 
40 HI 

Kitterman, Donald O (56), 437 Washington St , Denver 
3, Colo 

Kitterman, Alax D (55), 12108 E Fourth, Opportunity, 
Wash 

KiHincer, Stewart O (57), 3344 Scott, San Francisco 23, 
Calif 

Kittle, Charles C (51). 11703 N E Glisan, Portland. Oreg 
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Kiverchuk, \\ niter (*18), Mam Rd , Towaco, N J 
Kiyama, Glenn 1 (53), 2021 Fifth St, Sacramento, Cilif 
Kizuka, Shigeru T (47), 7666 Beaverland, Detroit 28, 

Klabacha, Ceciln A (S3), 3907 W 56th PI , Chicago 29, 

Khfter, Martin (54), 149 Penn St, Brooklyn 11, N Y 
Klapetzky, Carol I (50), 621 Taylor St, »San Francisco, 
Calif 

Klatsk>, Stanley A (56), 5414 Fairlawn Ave , Baltimore 
15, Md 

Klatt, Margaret A (55), Rte 3, Princeton, Minn 
Klaus Albert W (52), 4957a Lansdowne Ave, St Louis 
9, Mo 

Kla>man, Harry (46), 5 Sherman Ave, New \ork 34, 
N \ 

Klazura, Edmund (51), 434 S Lafayette St , Griffith, Ind 
KlebanotT Da\id (47), 201 City Line, Menon, Pa 
Kleber John \V (49), School of Phaimacy, Univ of 
Buffalo, Buffalo 14, N Y 

Klebes Un>mond (57), Main and Stewart Ave, Bolton 
Landing K \ 

Klecak, Robert 1 (55), R F D , West Willmgton, Conn 

Jvleiman, Donald (51), USPHS, Indian Hospital, 
lahlequah Okla 

Klein, Benjamin (50), 1167 Phil Ellena St, Philadelphia 
19, Pa 

Klein Donald J (53), 17032 Greenbay Ave, Lansing, 111 
Klein, E O (36), P O Box 165, Farmington, Mo 
Klein, Edward H, Jr (54), 1632 Falck Ave, Pittsburgh 
12, Pa 

Klein, Franz (42), 297 Mt Prospect Ave , Newark 4, N J 
Klein, Harold B (47), 7812 — 3Sth Ave, Jackson Heights, 
K Y 

Klein, Harold J (47), 655 Clinton Ave , Bridgeport 5, 
Conn 

Klein, Irwin J (54), 21821 Gardner Ave , Oak Park, Mich 
Klein, Jacob S (41), Towaco, N J 
Klein, Karl F (52), 2808 Wayne St , Bellevue, Nebr 
KLLIN, MEYER (37) 1940 Lincoln Ave, Chicago 14, 111 
Klein, Samuel (57), 144 Hedden Terr, Newark 8, N J 
Klein Stanley C (56), 19985 Robson, Detroit, Mich 
Kleiner Eugene Jr (49), 323 Oak Pkwy, Dunellen, N J 
Kleinfield Eugene L (48), 640 Pine St, Camden 3, N J 
Kleinkopf Leo (49), 1412 Whitney St , Honolulu 14, Hawaii 
Kleinman, Robert L (56) 16 N Mam St , Ellen\ille, N Y 
Kleinpeter, Rajmond A (48), 1612 W Vernon A\e, Los 
Angeles 62, Calif 

Kleinschmidt, Irma H (54), 4626 Alameda Ave, El Paso, 
Tex 

Kleinsmger, Harold (40), 2501 Davidson Ave, Bronx, 
N Y 

Kleisl) Walter J (53), 2223 Brentwood Blvd , Brentwood 
17, Mo 

Klemme Carl J (38), 233 S 10th St, Lincoln 1, Nebr 
Klemme, Leonard C (45) 183 Berteau Ave , Elmhurst, 111 
Klendshoj, Niels C (43) The Arncr Co, Buffalo 3, N Y 
Klenk, Donald A (56), 7621 Pinehurst, Dearborn 6, Mich 
Klepfish, Milton A (44), Kirk Pharmacy, Kirk Ave & 
Homestead St , Baltimore 18, Md 
Klessman, Irwin W (54), Mam St , Hebron, Ky 
Klette, George S (51), 19611 Lanbwry Ave , Cleveland 22, 
Ohio 

Kleven, Azor J N (47), 6832 Pillsbur> Ave S , Mmne 
apolis 23, Minn 

Kficfc, Forrest M (35), 408 Jackson A\e St Charles, III 
Kite, Hans Emil (55), An der Alster 21 Hamburg, Germany 
Klier, George A (48) 692 Manle St Rochester 11 N V 
Khmowicz, Eugene (57), 23 Nelson PI, Lackawanna 18, 
N Y 

KLINE, CLARENCE M (02), 1530 Spring Garden St, 
Philadelphia 1, Pa 

Khne, Daniel E (54), 30 A Hancock St, Somer\tlIe Mass 
Kline Edgar L (48), 201 S 14th St, Allento vn. Pa 
Klinefelter, Joseph A (47), 504 Crooked Lane, Bridgeport, 
Pa 

Kling, Edward (51), 101 E Michigan Ave, Marshall, 
Alich 

Klingel, Ruth M (55), 101 Clieapside St , Baltimore 2 Md 
Klinger, George (51), 155 E 44th St , New York 17. N Y 
KLINGhlANN ALBERT (10), 3861 Cannon PI, New 
York 63, N Y 

Klmtworth, Theodore R (50), 185 Lincoln St, Seward. 
Nebr 

Khoze, Oscar (51) 46 LeSoir Ave. Floral Park, N Y 
Klippel, Kenneth R (55), Palmer Dr, Apt 222, Fayette 
ville, N Y 

Klobnak, Howard D (54), 6221 Shernck Ave, Des 
Moines, Iowa 

Kloner, Cyrus (57), 1222 St Paul St, Rochester 31, N Y 
Klonoski, Edmund J (45), 1305 Pittston Ave, Scranton 
Pa 

Klopfcnstem, Clarence C (56), % L D Brown, Rte 3, 
Corvallis, Oreg 

Klose, Martin R (57), Rte 6 Vermona Dr, Batavia, Ohio 
Klostermann, Roj J (55), 2101 S Grand, St Louts 4, 
Mo 
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Mmn ^ 

LLOYD, JOHN T (20), 309 W Court St, Cincinnati, 
Ohio 

Llo>d, William L (53). 107 Mam St, Garner, N C 
Llo>d, William R (41), Coll of Pharmacy, Univ of 
Texas, Austin, Tex 

Lobraico, Frank (49), 3342 Clifton St, Indianapolis, Ind 
Lobue, Angelo K (52), 6300 Patton St, New Orleans 18, 
La 

Lockard, James W (57), 7 Kernel Lane, Levittown, Pa 
Lock-^, Mary C (55), 858 Cleveland St , Oakland 6, Calif 
Locke, Paul (57), 3459 Central Ave, Riverside Calif 
Locke, \\iniam E (40), 3103 Hawthorne Ave, Richmond, 
Va 

Lockert, Jimnij (53), Ashland Citj, Tenn 
Lockett, John W (54) Thomastown, Miss 
Lockie Lawrence D (^47), School of Pharmacy, Univ of 
Buffalo, Buffalo N Y 

Locklair, \ ivian P (47), 1864 Charleston Hwy , Cayce, 
S C 

Lockley C J (58), 847 Grannis Ave, Port Arthur Tex 
Lockwood, Martha (52), 706 Wisconsin, Des Moines 16, 
Iowa 

Locuoco Albert W (51), 1220 W 6th St, CIe\eland 13, 
Ohio 

Loebel Richard C (S3), 1444 Shakespeare Ave, New 
York 52, N Y 

Loebig jovee M (55) 615 W Alturas, Tucson, Ariz 
Loeffier, Henry G (49), 31 Garden St , Redwood City, 
Calif 

Loeffler John R (50), P 0 Box 371, Tahoe Valley Calif 
r oevner Steien (49) 32 W State St, Media, Pa 

LOFGREN, FREDERICK V (20), Coll of Pharmacy, 
Univ of Texas, Austin 12, Tex 
Loftus Margaret A (55), 610 Church St, Jessup, Ga 
Logan, Howard M (46), 4720 Willow St, Bellaire Tex 
Logan Robert G (52), 24596 Woodacre Ave, Hayward, 
Cahf 

Logan, Robert T (51), 1427 Neptune, Mexico Mo 
Logan, Rodger D (52), F O Box 6 Pierceton, Ind 
Logan, Thomas C, Jr (50), 2930 N Turkeyfoot Rd , 
Akron 19, Ohio 

Lqgasa, Bernard (52), BOQ 71, Navy 14, FPO San 
Francisco, Calif 

Lohmar, Roland E (53), Stanford Apts Columbii, Mo 
Lohmillcr, Eugene W (52), Menomonee Falls Wis 
Lohr, Joel D (55), 3124 Redbud Lane, Louisville 5, Ky 
Lohr, Joseph E (46), 24 E Northwest Hwy, Arlington 
Heights, 111 

Lohr, Kenneth R (50), 125 N 6th St , Quincy, III 
Lohrman, Herbert A (43), 2223 Woodland Terr , Scotch 
Plains, N J 

Lohrman, Lester V (51), 2053 Ferry St, Easton Pa 
Loiacono, Andrew B (46), 532 S Washington, Wheaton, 
III 

Loken, Bonnie P (50), 1140 Fairmont Dr, San Bruno 
Cahf 

Loken, Richard S (51), 1140 Fairmont Dr, San Bruno, 
Caiif 

Lokensgard, Michael E (54), 723 W Watts, El Reno, 
OkH 

LoI\, Richard C (55), 3 Spnque PI Albany, N Y 
LoIIi, Thomas J (54), 2021 E 93rd St, Cleveland 6, Ohio 
Lomanto, Charles (55), 1865 Cropsey Ave, Brooklyn 14, 
N Y 

Lombard, William O (53). 15 Ivliller Ave, Concord, N C 
Lombardi, Albert (45), 147 Paul St, Dedham, Mass 
Lombardi, Dominic F (42), 12 Main St, Somerville 45, 
Mass 

Lombardi, Gu> P (52), 21 Monte Vista Ave , New Britain, 
Conn 

Lommick, Robert L (56), Rte 4, Greenwood S C 
London, Jerome (52), 62 Vance St, New Britain, Conn 
Lonergan, Arthur V (55), 13 Long St , Medford 55, Mass 
Long, R R (51), P O jBox 7, Maryville, Tenn 
Long, Randolph R (54), Norcross, Ga 
Long, Stuart (54), 1411 Trail’s End, Kalamaroo, Mich 
Long, William H (55), 404 Lookout Ave, Charleroi, Pa 
Long, William H (48) 1303 Laurel St Conwaj, S C 
Longacre, 2nd Lt J Elliott (54), 3rd TAC Hosp , APO 
994, San Francisco, Calif 
Longaker, L B (44), 416 State Rd , Cynwyd, Pa 
Longenherger, Donald W (54), 927 C Bouteiard, New 
Milford, N J 

Longmire, Wallace E (54), 1672 Sherman, North Bend, 
Oreg. 


Longo. Anthony (43), 87 Lancaster Are, Warwick, R I 
Longooardo, Vincent A (56), 636 Halstead Ave, Mamar 
oneck, N Y 

Longtm, Thomas F (57), 123 S Mam Ave, Albany 2 
NY ^ ’ 

Longyear, Robert L, Jr (36), Sydney Ross Co, Admin 
istracion Correos 51, Mexico 18, Mexico 
Lonhart, Donald E (51), 3319 Maple Ave, Brookfield, 111 
Lonsmgei, Charles L (53), N Mam St, Utica, Ohio 
Loo, Kirby W K (47), 1402 Lusitana St , Honolulu 13, 
Hawaii 

Loo. Y S (31), 1404 Lusitana St, Honolulu, Hawaii 
Look, Emma (55), 814 A WihwiU St, Honolulu 14, Hawaii 
Loomis, Charles \V (55), 5118 Lydia, Kansas City 10, Mo 
Loomis, Frederick T (56), 210 Sandringham, Piedmont, 
Calif 

Loomis, John H (53), 1708 Hiawatha Rd , S E, Grand 
Rapids 6, Mich 

Loomis, Richard A (55), Dukes Miami Co Mem Hosp 
Pharmacy, 12th and Grant Sts , Peru, Ind 
Looney, Gums M (57), 116 Spring St, Beckley, W Va 
Lopez, Maria de los Angeles (57), Laboratories Lex, S A, 
Apartado 161, Havana, Cuba 
Lopez, Ramiro (56), 508 E Van Welh, Edenburg, Tex 
Lopyan, Herman R (47), 544 Berkeley St, New Milford, 
N J 

Lord, Clarence S (45), 214 N Mam St , Mansfield, Mass 
Lord, Clifton F, Jr (49). School of Pharmacy, Univ of 
Buffalo, Buffalo 14, N Y 

Lord, Marion E (56), 315 Niagara Falls BUd , Buffalo 26, 
N Y 

Lord, Ralph M (49), 231 Mam St , Tannersville N Y 
Lord, Robert (S3), 321 Charles Ct , Concord, Calif 
Lord, Stanley (52), 600 E 21st St, Brooklyn 26, N Y 
LORDI. D GEORGE (26), 759 Springfield Ave, Irving 
ton, N J 

Lordi, Nicholas G (54), 59 Abbotsford Ave, Newark 6, 
N J 

Lore, Sara F (55), 187 W Mountain St. Kernersville, 
N C 

Lorenc, Eugene J (47), Itasca Pharmacy, Itasca, 111 
Lorenz, Charles W (52), 2236 \V Roscoe St, Chicago 
18. HI 

Lorenz, Walter K (56), 9300 Rayo Ave, South Gale, 
Calif ^ 

Lonng, Howard G (47), 45 Grove St, West Concord, 
Mass 

Lorubbio, Frank V (51), 1716 Oakland Ave, Youngstown, 
Ohio ^ 

LoSavio, Mamie T (57), 161 W State St, Baton Rouge, 
La 

Losieczka, Frank A (48), 8312 Brandon Ave, Chicago 17, 
HI 

Loslcben, Roman J, Sr (46), Malta, Mont 
Lotano, Remo A (55), Albany Hospital, New Scotland 
Ave , Albany 8, N Y _ „ 

Lothman, Walter A (54), 3883 Lewis Ave, Fresno 2, 
Cahf _ 

Lott, W A (53), S3 Park Ave, Maplewood, N J 
Loucas, Spiro P (54), 40 30 — 193rd St, Flushing, L I, 
N Y 

Louie, Alice M (52), 3834 Flower St, Bell, Cahf 
Loury, James E (56), 1840 Skyline Way, Fullerton, Cahf 
Loustalet, Edith M (48), 4040 Garden Ave, Los Angeles 
39, Cahf 

Louviere, 2nd Lt John W, Jr (52), 17Ist Sta Hosp, 
Fitzsimons Army Hosp, Denver 8, Colo , 

Love, J L,Jr (55). 805 N Swmton Ave , Delray Beach, 
Fla 

Love, Jack S , Sr (55), 1443 Third St , Corpus Chnsti, 
Tex _ 

Love, Jack W (52), V A Domiciliary, Camp White, Oreg 
Lovell, Frank H (55), 4001— 10th St, Gulfport. Hiss 
Lovell, Russell F (41), 480 Wirth Ave, Akron 12, Ohio 
Lovich, (herald (54), 166 E 49th St, Brooklyn 3, N 
Lovitz, T L (56), 322 Jasmine Wav, Clearwater, Fla 
LOVOTTI, CARL D (39), 2111 Hyde St, Apt 506, San 
Francisco 9, Calif _ . 

Low, Franklin S (SO), 1595 W Adams Blvd , Los An 
geles 7, Cahf _xi j 

Low, James B (52), 3972 N Colonial Ave, Portland, 

Lowder, James F (54), 435 Beth St , Winston Salem, 
N C 

Lowe, Edmund (56), 1904 W Fountain Way, Fresno 5, 
Cahf ,, 

Lowe, Frarcis (55), 45 Auburn St , San Francisco U, 
Cahf , , 

Lowe, Reginald W (49), 122 Gralake Ann Arbor, Mich 
Lowe, Richard (56), 954 Stockton St , Apt 302, San 
Francisco, C.alif _ . , , t« 

Lowe, Richard H (51), 1442 N Mam St, Rockford, 111 
Lowe, Sherman B (S3), 2197 S 21st St , E , Salt LaKe 
City, Utah ^ 4 t J a 

Lowell, William A (44), 22 Sheffield St, Portland 4, 
Maine _ .. 

Lowenthal, Maurice (44), 4916 Reading Rd , Cincinnaii 

Lowenthal, Stanley (50), 15 Oakley Ave, Monticello, 
N Y 

Lowenthal, Theodore S (49), 535 Island Ave, \Voodmere, 
N Y 

Lowenthal, Werner (49), 1602 Victoria St, North Chicago, 
III 
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Lowery, Kenneth B (55), Rte 12, Box 344, Center Point, 

Lowerv, Holland L (56), Rte 1, Sedwick, Colo 
Lowitt, Saul (53), 175 Beach 68th St, Ar\erne 92, N Y 
Lownnn, J L (53), 1507 W Washington St, Charleston, 
W Va 

Lowrj, Clifford A (56), 311 A Cedar Crest Apts, Tusca 
loosa, Ala 

Lowry, Edward S (56), Good Hope St , Norco, La 
Lowrj Ronald H (58), 911 Brandon Ave , Apt 4 C, 
Norfolk 7, Va 

LOWR\, WILLIAM J (06), Elizabethan Apts , Garrison 
Blvd &. Bateman A\e, Baltimore Md 
Loj , Gordon K (57), 2204 21st St , N W , Winter Ha\en, 
Eh 

Loynd Elmo, Jr (57), 100 El Camino Real, San Clemente, 
Cahf 

Lojnd Harrj J (51), Parke, Davis & Co, Detroit 32, 
Mich 

Lozano Gilbert H (51), 1199V2 S Bronson A\e, Los 
Angeles 19, Lalif 

Lozano, Olga (52), 315 South B St, Harlingen Texas 
Lozano^ , Nathan (53), 135 Oak St, Bridgeport 4 Conn 
Liibasch, Inge (52), 3939 Third St , Port Arthur, Tex 
Lubick, Lawrence W (51), 97 Claremont Aae, Buffalo 
23, N Y 

Lubin, Abraham A (52), 310 S River St , Wilkes Barren 
Pa 

Lubinsk>, Samuel H (47), 330 E 23rd St , Paterson N J 
Lubitz, Joseph A (38), 141 Shennecossett Pkwj , Groton, 
Conn 

Lubnnn, Ronald A (56), 4002 Spruce Dr, Baltimore 15, 
Md 

Lubowe Irwin I (57), 15 Reimer Rd , Scarsdale N Y 
Lucarelh, Lorenzo C (56), 282 Parkway Dr, Westburj, 
LINY 

Lucas, Elwood (56), 2103 Tajlor Ave, Winter Park Fla 
Lucas, George D (44), 205 Lackawanna Ave, Obphant, 
Pa 

Lucas, James J (48), 15860 Washburn, Detroit 21, Mich 
Lucas, Letha W (54), 1305 Kenyon St , N W , Washing 
ton 10, D C 

Lucas, William J (47), 442 St Gabriel St, Montreal 
Que , Canada 

Lucasse, John D (53), 100 S Forest, Ann Arbor, Mich 
Lucchesi, Benedict R (54), 53 10 Horatio Pkw> , Bavside, 
N Y 

Lucchesi, Fred J (S3), 2523 S Lambert St, Philadelphia 
45, Pa 

Lucchino Edward T (54), 5318 Francis Lewis BKd , 
Flushing 64, N Y 

Lucciola Francis A (46), 111 Grove Ave Verona, N J 
Luce, Merton W (55), 124 Fiers ^lobile Park, West 
Lafayette, Ind 

Lucero, Manuel (51), 1201 Knob Rd , Richmond Va 
Luciano Bernard (57), 1611 Second St, Vancouver Wash 
Lucid, Dan D (55), P O Box W 1, Orosi, Calif 
Luck Thomas R (S3), 16 E Center St , Carrollton, Ga 
Luckey Robert F (57), 114 33— 199th St, St Albans 12 
N Y 

Ludington Shirlev (47) 210 S Fifth St Fulton, N Y 
Ludwig, Alfred W (54), 171st Sta Hosp , Fitzsimons 
A H , Denver 8, Colo 

Ludwig, David F (47), 11103 Tower Rd , Tacoma 99, 
Wash 

Luebbers, Arthur M, Jr (57), 522 Buckingham PI, 
Libert) ville, III 

Luebbers, Norbert (57), 2503 Vine, Cincinnati 19 Ohio 
Luebbert, Edward G (55), 103 S ^lain Newark, N Y 
Luebert, Frederick C A (46), 1418 N Fourth St, Phila 
delphia 22 Pa 

Lueck Leslie M (52), 1011 Maryland, Grosse Pointe 
Park, Mich 

Lueckert, A C , Jr (46), 2840 Tait Terr Norfolk, Va 
Lueders, August C (49), 822 N Grand Blvd , St Louis 6, 
Mo 

Luehr, Robert W, Tr (55), P O Box 63, Muskego Wis 
Lugo, John R (54) 5510 E Texas St , Tucson Ariz 
Lugo de Figueroa, Elba (56), Villa Nevarez K 2, Apt 7, 
Rio Piedras, P R 

Luhn Edward T (53), 2010 Bissonnet Houston 5, Tex 
Lukach Louis J (55) 21 N Main St Milltown N J 
Lukasek, Otto W (45), 4201 W 26th St , Chicago 23, 
111 

Lukasiewicz, Ronald H (56), 4002 Roosevelt, Dearborn, 
Mich 

Lukaszewski, Leon S , Jr (57), 9101 Van Djkc, Detroit 
13, Mich 

Lukasiewicz, John J (45), 719 Northampton St, Buffalo 
11, N Y 

Luker, Martin (52) 4700 Red River, Austin, Tex 
Lukez, Rudolph (53), 1249 E 79th St Cleveland 3 Ohio 
Lukjanczuk, Taisa (54), 2256 Remington, Detroit 34, 
Mich 

Lukomski George L (47), 2007 W Forest Home Ave, 
Milwaukee 15 Wis 

Luley, Charles E (52), 6107 — 27th Ave, Washington 21, 
D C 

Lul), Tohn C (57) 722 — 6tb Ave Des Moines 9, Iowa 
Lum Mabel W (54), 1210 McClellan St, Seattle 44, 
Wash 

Lum, Peter (57) 721 Solano Ave T os Angeles 12 Calif 
Lum Sherman (56), 130 Bernard St , San Francisco 9, 
Calif 


Luna, George C (56), 1295 A Roberts Dr , S E , Atlanta, 
(ia 

Luna, Melvin (55), 1305 Peden Houston 6 Tex 
Lund, Joel \ (58), 201 Tabor Rd , Morns Plains, N J 
Lund, John G (50), 301 S Chicago St, Dwight, 111 
Lund, Llovd J (51), 263 Rheem Blvd, Moraga, Calif 
Lund, Richard H (46), 155 Diamond St, Auburn, Calif 
Lund Theodore R (36), M Mam, Lancaster, N H 
Lundberg, Edward B (d 6), 11 E Fourth St , Lmponum, 
Pa 

Lundgren, Kent T (57), Electric Square, Menominee, 
Mich 

Lunger, C W (50), 10 W 6th St , Dunkirk, N Y 
Luongo, Guv R (45), 138 Kings Hwj , E , Haddonleld 
N J 

Luongo Hugh J (47), 75 63 — 178th St , Flushing 66, 
K \ 

Lupo, Frank P (5o), 75 Mozart St , East Rutherford, 

^ J 

Lupton, Claude (56), 229 Church St, Fredericksburg, \a 
Lurie Benedict L (52), Kew Gardens Gen llcjn , SO 02 
Kew Gardens Rd , Kew Gardens, N Y 
Lune, Hvman (47), 233 Somerset St, North Plainfield, 

^ J 

Luse L C (49), P O Box 4289, Portland 8, Oreg 
Lusk, Miles E (46), 4225 W 21st PI , Chicago 23, 111 
Liissman, Donald J (43), 540 S Evergreen St, Arlington 
Heights, III 

Luster, Leon (54) 5411 Beverlej Rd , Brookijn 3, N Y 
Lustgarten, Paul G (51), 5111-25 Stiles St, Philadelphia, 
Pa 

Lutfj George A (53), 13388 Promenade Detroit 13 Mich 
Lutsch John K (50), Crjstal Rexall Drugs, Parsons at 
Innis Columbus Ohio 

Lutz, Donald F (49) 30 Haight Poughkeepsie, N Y 
Lutz, Terrold W (50), 5473 Ellis Chicago, 111 
Lutz, Walter E (48), 6640 Delmar Blvd St Louis 5, Mo 
Lux Pvt Donald P (51), Det 2, USAH — 6944 Fort 
Huachuca Ariz 

Lux, Russell E, Jr (49), Rte 8, Box 182 A, Evansville, 
Ind 

L>brand, Robert A (55), 22 Woodbine Rd , Greenville, 
S C 

Lvddane, Joseph W (57), IOI6V2 E Fourth St, Owens 
boro, K} 

L>den James B (50), 226 W Silver St , Butte Mont 
L>ford Doroth) M (53), 836 N Sanborn, Los Angeles 
29, Cahf 

L>kins, Robert E (53), 522 E Washington St , Winchester, 
Ind 

Ljle Whlbur D (49), 101 N Trvine St W^'arren Pa 
Lvman, Bennie T, Jr (51), Veterans Hospital Box 16, 
Tuskegee Ala 

L^MAN DAVID S (31), 636 Church St, E anston, 111 
L>nch, Daniel L (53), 171-173 H gh St Kewsbur>port, 
Mass 

Lynch, Edward T (49), 149 Mam St, Hackettstown N J 
L>nch Elizabeth M (46), 3775 Drakewood Dr, Cincinnati 
9, Ohio 

Ljnch, Harry W'’ (53), 145 Coleman Ave, W’’aveland, 

Miss 

Lynch, T J (43), 303 McCartj Bldg , Boise Idaho 
Ljnch, Jack (45), 1209 S W^ 6th Ave , Portland 5, Oreg 
Lynch, John A (45), 7516 Brookfield Rd , Philadelphia, Pa 
Lvnch, John R (47), 4909 Shore Acres Rd , ^ladison 4, 
Wis 

Ljnch Matthew J (54) Abbott Labs North Chicpco 111 
Ljnch, Otto E (52), 838^/2 Liberty St Findlaj, Ohio 
Lvnch Thomas A (49), 2560 Eastcliff Rd , Columbus 21, 
Ohio 

LYNN, CHARLES J (06), Eli Lillj &. Co , Indianapolis, 
Ind 

Lvnn, Norman R (55), 226 E Diamond Ave, Gaithers 
burg, Md 

Ljon Laurence T (46), Yale Communitj Hosp, Vale, 
Mich 

Ljon, Michael D (57), 824 Court St, Pro«ser, Wash 
Ljon, Nanev A (50), 1340 Galena Blvd , Aurora, 111 
Ljon S R (58), 1001 VT 7 LitHe Rock Ark 
Ljons, Mane A (52) 57 Village Way Malvern, Pa 
Ljons, Nathaniel A (46), 6962 N Clark St (Chicago 26 HI 
Ljons, Patricia H (50), P O Box 731, Tarpon Springs, 
Fla 

Ljons, Roland F (47), ^lain St , Schroon Lake, N Y 
Ljons W Monroe (48), 800 Tchoupetoulas St , New 
Orleans, La 

Lvou, Kivoko N (55), 1273 W^ 31st St , Ant 3, Los Antre 
les 7 Cahf 

Lvtle, James B (53), 1619 — 18th St, Lubbock, Tex 


M 


Mabis Arthur (43), 1407 E Evergreen, W^heaton 111 
Maboll, Philhn D (51), Strong Mem Hosp, Pharmaev, 
Rochester N V 

Mabrey, Donald L (57) 420 Sunnwiew, Louisville 7 Kj 
Mabrv Donald (56), 1402 Melrose Terr Rutledge Pa 
Mac, David (5“’) 2^ Union St, Mt Clemen^ Mich 
’NTacAlpme Fred C (5“^), 2303 N 7th St , Phoenix An? 
Macaropoulos, Arthur J (54), 23 Aitkcn Ave, Hudson, 
N Y 
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MacAuIa>, W C (46), Coll of Pharmacy, Univ of Sas 
katchewaii. Saskatoon, Sask , Canada 
MacLannej, Jerrj B (55), 614 Pine St, Lancaster, Ohio 
MacCartney, John A (47), Parke, Davis S. Co, Detroit, 

ilacLollain, Kenneth J (56), 308 Wall St , Kingston, 
N Y 

Macdonald, Austin W (57), 4462 Marguerite St, Van 
couver, B C , Canada 

MacDonald, Charles i\ (48), 906 Nela Viciv Rd , East 
Cleveland 12, Ohio „ i 

MacDonald, Donald J (57), 311 S Horne St, Oceanside, 

MacDonald, J A (46), P 0 Box 176, Oceanside, Calif 
MacDonald, J Cordon (47), 3005 industrial Ave, Dint 5, 
Mich , „ ,, , 

Macdonald, J V.alis (36), 929 W Georgia bt , \ ancouver 
9, B C , Canada 

Macdonald, Lee H (43), 508 N Kalamazoo. Paw Pan, 
Mich „ , 

MacDonald, Nancj (55), 2315 Alabama St, Bcllingliam, 
Wash 

Mac Donald, Paul B (48), Rte 4, Gettisburg, Pa 
MacDonald, \ vonne J (57), 1306 Market St, Aj)t 2, 
Galveston, Tex 

MacDonneil, Donald R (47), Smith, Khne & French 
Labs, 1530 Spring Garden St, Pbiladelpoia 1, Pa 
Macek, Bernard P (55), 243 S Wolfe St , Baltimore 31, 
Md 

Macek, Prank J (47), 1736 Ahceanna St, Baltimore 31. 

Macek, Thomas J (39), 639 llillcrest A\e, Glenside, Pa 
T\iaci anaiid, Joseph \\ (55), 143 Bensonhurst A\c, Sara 

toga Springs, N V 

Maclailand, William P (57), 29939 Elnigiovc A\c, St 
Clair Shores, Mich 

Machida, Eugene (ol), 601 Kapahulii Ave, Honolulu, 
Hawaii 

Machida, \ utaka M9), 30 Baldwin Ave, Bo\ 331, Paia, 
Maui, Hawaii 

Machiouchi, Mervm M (57), 4417 Porest Park, Apt 305, 
St Louis 8, Mo 

Machikaw i, Hidco (51), 710 Lakeshorc Dr, Chicago 11, 
111 

Macht, David I (23), Sum Hospital, Lab , Div of Pharma 
cology, Baltimore S, Md 

Macias F, Antonio M (53), Varsovia 19, Mexico 6, 
Mexico 

Maciel, John S (49), 22 Pontiac St, Providence 7, R I 
Mack, David S (47), 416 Garhcld, \oungstown, Oluo 
Mack, Harry (50), 1107 E Plul Elleiia St , Philadelphia SO, 
Pa 

Mack, Howard (46), 150 Atlantic St, Hackensack, N J 
Mack, Robert E (51), 7881 Chapoton St, Gti^a, Mich 
Mack, Robert E (56), 2727- — (9tU St , S , Gulfport, Fla 
Mack, Samuel H (56), 147^/2 \V Bridge St , Oswego, 
N Y 

MacKa>, Harold H (48), 2845 Imperial St , Salt Lake City 
6, Utah 

Macke, Ronald (39), 440 Orion St , Metairie, La 
Mackey, Mar} J (53), Wall Like, Iowa 
Macke}, Myrtle E (57), 3334 Belvedere Dr, Columbia, 
S C 

Mackie, B}ron L (57), 4001 Magnolia St, New Orleans 
15, La 

Mackner, Arnold F (57), 27031 Russell Rd , Ba} Vilhge, 
Ohio 

MacKnigbt, Jessie I (45), Maritime Coll of Pharimcv, 
Med Sciences Bldg, College St, Halifax, Novi Scotn, 
Canada 

Mackoff, Mirvin (57), 131 03 — 233rd St Laurelton 2 
N Y 

Mackowiak, Richard J (53), 2731 N Hamlin Ave. Chicago 
47, III 

Mackowski, Miecislas T (47), 1519 W Lincoln Ave, 
Milwaukee 15, Wis 

Mac Laughlin, Edmund H (53), Rte 2, Linsdile, Pa 
MacNaugbton, Wallace R (57), 238 St Matthew, Green 
Bay, Wis 

Mac Nicol, Jane (57), I8IV2 Broadwa}, Costa Mesa, Calif 
Macomber, David B (53), 357— 17tli St , S E, Cedar 
Rapids, Iowa 

Macs, Lilija (55), 658 N Addison Ave, Lexington, Ky 
M^Watt, J Allan (50). Lederle Labs, Library, American 
Cvanamid Co , Pearl River, N Y 
Mac}, Lowell R (50), P O Box 594, Lawrence, Kans 
Maday, Wolodomyr W (49), Univ of Alberta Hosp , Ed 
monton, Alberta, Canada 

Madden, Albert C (47). 24 Connie Lane, Manchester, Mo 
Madden, Barbara J (52), 35 Moss Hill Rd , Jamaica 
Plain 30, Mass 

Madden. Edward E, Jr (55), XJ S P H S Hosp, 15th 
Lake Sts , San Francisco, Calif 
]\Iadden, Henrv E , Jr. (54), 170 Mam St , Falmouth. Mass 
I^Iadden, S C (55), IIO E North St, Grayville, III 
Madden, Thomas P (56), St Mary Corwin Hosp, Pueblo 
Colo ’ 

Maddox, Joel W (53), 4585 41 Circle, Macon Ga 
Maddux, Marjorie C (53), Rte 1, Box 441 M, Chico 
Calif * 

Madeley. Warren H (47), 803 Mark, Susirville, Calif 
Mader, William J. (49), Ciba Pharmaceutical Prod, Sum- 
mit, N J 

Madera, J R. (20), 290j W 59th St , Chicago 29, HI 


Madigan, Edward E. (56), 325 W Pine, Linesville, Pa 
Madis, Valdcmar H. (55), 8 04 Melvin PI, Pair Lawn 

N. J. 

Madison, William L (47), McNeil Labs, Inc, 2900 N 
17th St , Philadelnliia 32, Pa 
Madland, Lavvcnce F (47), 914 N Plankiiiton Ave, Mil 
vvaukee 3, Wis 

Madntsch, Raymond A (55), 1703 W Lawn Ave, Mil 
vvaukee 9, Wis 

Madura, Michael A (42), 317 Cedar St , South Amboj, 
H J 

Madura, Sophia C (43), 317 Cedar St , South Amboj 
N. J 

Mael, Irvin H (57), 8108 Sunny Brae Ave, Canoga Park, 
Calif 

Maffei, Ralph A (57), 1649 Beacon St, Waban 68, Ma«s 
Maffns, Solomon (50), 9306 Ewing, Skokie, 111 
Mafucci, Donald (55), 21 Clark Ave, Lvnbrook, N Y 
Magagna, Manno A. (49), 167 Wyckoff Ave, Brookhn 
37. N Y 

Magagna, Raymond A. (55), 10327 S W. Eastndge, 
Portland 25, Oreg 

Magalian, Paul (57), Crilc VA Hospital, Apt 57 C, Cleve 
land 30, Ohio 

Magas, Thomas A. (51), 133 E Dutton St., Kahmazoo, 
Midi 

Magee, Francis X, Jr. (55), lOS Dudley Ave, Endicott, 
N. Y 

Magee, Margaret M. (55), 422 Vankirk St, Phihdelplua 
20, Pa 

Magee, Mary Ann (50), Med Coll of Virginia, Hosp 
Pharmacy, Box 42, Richmond, Va 
Magee, Toxie B (50), Tvlertovvn, Miss 
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Mateles, Michael (53), Hoffman La Roche, Inc, Nutle>, 
N J 

Mather, Lewis O (48), 5032 Marlborough Dr , San Diego 
16, Cahf 

Mathew, Car^ H (46), 201 S Jameson, Lima, Ohio 
Mathews, Oren F (57), Kearnei, Mo 
Mathews, Samuel K (46), 1707 Fourth A\e, Los Angeles 
19, Cahf 

Mathieu, Gilbert A (56), 820 N Dorgenois, New Orleans 
19, La 

Mathis, Norma K (57), 698 S Harvard Bhd , Los 
Angeles 5, Cahf 

Mathison, Harvey (55), 2624 N 40th St, Milwaukee, Wis 
Mathison, Howard (50), P O Box 81, Sanger, Tex 
Mathisson, Aaron (55), 155 S Fourth St, Brooklyn 11, 
N Y 

Matott Ellsworth W (56), 62 Wmthrop Ate, Albany, 

N y 

Matousek, C Anthony (47), 10621 Vernon Ave, Garfield 
Heights, Ohio 

Matousek, Mildred K (51), 2497 Field Ave, Detroit 14, 
Mich 

^latragrano, Anthony J (52), Pine Plains N Y 
Matranga, Peter (53), 2011 Geneva St , Racine Wis 
Matson, J Glen (47), 1475 S Columbine St, Denver 10, 
Colo 

Matson, Jerry W (52), Federal Women’s Reformatory, 
Alderson, \V Va 

Mat<ion, John G (55), 235 S 16th Ave, Pocatello Idaho 
Matson, Marcel (56), 3600 W 84th St, Kansas City 13, 
i\IO 

Ma^suda, Chicko (49), 1909 N Hudson, Chicago 14 111 
Matsuda, Teruo (55), P O Box 1113, Palo Alto, Cahf 
Matsuda, Tetsu (48), 2445 Louis Rd , Palo Alto, Cahf 
Matsumoto, Kazuko (49), 2032 Baltic Ave , Long Beach 
10, Cahf 

Matsunjura, Kenneth T (56), 1218 Marlowe Ave , Lake 
wood 7, Ohio 

Matsuyama, Arthur M (50), 801 N Concord PI , Fuller 
ton, Cahf 

Mattax, Tom (58), 915 E 9th St , Little Rock, Ark 
Mattcis, Vincent M (35), 243 17 — 134th Ave, Rosedale, 
L I, N y 


Matteo, Frank (51), St Francis Hosp , 525 E 142nd St, 
New \ork 54, N Y 

Matter, Robert W (49), 1755 Springfield Ave , Maplewood, 
N J 

Matteson, Philhp K (54), S Mam St, Cre«ton, Ohio 
Matthes, Joseph D (44), 56 Zeller St , Roshndale 31, JIass 
Matthews, A W (45), Facult> of Pharmaej, Univ of 
British Columbia, \ancou\er. Canada 
Matthews, Annette P (S3), P O Box 52, Vlj Rd , 
Niskajuna, N Y 

Matthews, Curtis G (55), 1435 Ives PI , S E, Washing 
ton 3, D C 

Matthews, Hal R (53), 1201 Overland Ave, Burlc>, 
Idaho 

Matthews, Henry S (55), 3209 Wapwka Ct , Memphis, 
Tenn 

Matthews, James H (56), P O Bov 126, Pavo, Ga 
Matthews, Ralph S (53), 3832 N E Second Ave, Miami 
37, Fla 

Matthews, Richard J , Jr (S3), 2021 Bronson Bhd , Apt 
4, Kalamazoo, Mich 

Mattichak, David (54), 117 Robinson Rd , Warwick, Va 
Mattick, William J (52), 510 Purcell Ave, Cincinnati 5, 
Ohio 

Mattikow, Morns (47), 98 Riverside Dr , New York, N Y 
Mattison, K C (43), 4123 E Lake St, Minneapolis, Minn 
Mattison, Roger W (57). IVolfeboro, N H 
Mattocks, Albert M > Jr (4S), 801 Barton Dr , Ann Arbor, 
Mich 

Mattox, James C, Jr (55), Hartselle, Ala 
Mattson, Leland N (56), 1724 Liggett Dr, Webster Groves 
19, Mo 

Matusow, Irwin (57), 7377 Rugby St, Philadelphia 38, Pa 
Maluszewski, Leo A (55), 1014 — I77th PI, Hammond, 
Ind 

Mau, Emil> H (55), 2631 Regent St , Berkeley 4 Cahf 
Mau, H Shm (46), Straub Clinic, Kapiolani St at Thomas 
Sq , Honolulu, Hawaii 
Maughan, Donal R (56), Bancroft, Idaho 
Mauldin, James R (56), Hartwell, Ga 
Mauntler, Daniel E (49), 605 Findlay Rd , Woodville, Ohio 
Maupin, Grace E (52), 1604 Varnura St , N W, Wash 
ington U, D C 

Maurer, Paul F (55), 886 B Syevtnore Ct , Upland, Cahf 
Maurer, William B (55), 424 Tift Ave, Apt B, Albany, 
Ga 

Maurict, Nelson (56), 921 E Curtis St , Tampa 3, Fla 
Maurma, F A (49), Parke, Davis ^ Co , Detroit 32, Mich 
Mauntz, William J (56), 1004 — 8th St, Oshkosh, Wis 
Maus, Herman C (56), Brockway Rd , Frankfort, N Y 
Maus, Wilma K (45), 132 E Graham Ave, (Council 
Bluffs, Iowa 

Maust, Johas G (49), 1916 E IVashington Lane, Phila 
deiphia 38, Pa 

Maves, Richard P (54), 325 S Fourth St, East Grand 
Forks, Minn 

Maxfield, L R (53), 4234 Scott Terr, Minneapolis 16, 
Minn 

Maxson, Edgar W (55), 4254 Burlington Ave, N, St 
Petersburg 3, Fla 

Maxwell, Fred A (57), 2105 Victoria Ave , Windsor, Ont , 
Canada 

May, Martha (47), W Main St , Ravenna, Ky 
Ma>eda, John T (50), 5349 N Wmthrop, Chicago 40, 111 
Ma>er, Harry F (47), 5537 — 6th Ave, Kenosha, Wis 
Mayer, Harry F , Jr (57), 6313 — 40th Ave , Kenosha Wis 
Ma>er, Harr> 0 (50), P O Box D, Finleyville, Pa 
Ma>er, John J (49), 199 Spring St , Newton, N J 
Mayer, Robert (54), 376 Prospect St, East (Jrange, N J 
Mayers, James C (29), 301 E Girard Ave, Philadelphia 
25. Pa 

Mayerson, Alexander C (55), 3800 Broadway, Chicago 13, 
111 

Maymudes, August L (SS), 1865 Talmadgc St, Los 
Angeles 27, Cahf 

Maynard, Frank C , Jr (55), P 0 Box 104, Randolph, Vt 
Ma>nes, Robert L (50), Cortez, Colo 
Mayo, Carl (55), 8332 Williams Ave, Philadelphia 19, Pa 
Mayo Edward D (37), The Upjohn Co, Kalamazoo 99. 
Mich 

Majo, James C (50), 2898 Hampshire, Columbus 9, Ohio 
Mayo, James J (57), 6402 Snow Rd , Parma 29, Ohio 
Ma>o, M C (57), 2700 N 48th St , Lincoln 4, Nebr 
Ma>o, Richard P (54), P O Box 417, North Falmouth, 
Mass 

Mayorga, Gustavo (56), Warner ChiKott I^bs , Product 
Development, Morns Plains, N J 
Majron, David (53), 1437 Stevens St , Philadelphia 49, Pa 
Mazanek, Arthur (47) 622 E 20th St , New York 9, N Y 
Mazilauskas, Edward T (40), 1259 Third Ave, New York 
21, N Y 

Mazhsh, Abraham (51), 623 Ave A, Ba>onne, N J 
Mazhsh, David J (51), Glenwood Ave, Jersey City 6. 
N J 

Mazur, Marcia L (57), YWCA, 2027 Chestnut St, 
Philadelphia 3, Pa 

Mazvck, Joseph C (52), 594 Belmont Ave, Newark 8 
N J 

Mazza, Anthonj T (54), 3304 Motor St, Pittsburgh 4, 
Pa 

Mazzarclla, John F (57), 1825 S Dover St, Philadelphia 
4S, Pa 

Mazzei, Albert F (57), 3435 Garrick, Hazel Park, Mich 
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Mazzola, Philip L (49), Barbara Rd , Lake Ronkonkoma, 
N \ 

Mazzone, Walter F (51), 408 Miller, Freeport, L I , N Y 
Mazzotti, Rene (52), Rene’s Diug Store, T'ljlorville, 111 
McAdams, Harold (47), 68 W Main St, Clinton, N J 
McAdoo, Gerald B (55), 4226 Cadillac, Detroit 14, Mich 
McAllister, A1 (52), 520 N Golden, Odessa, Tex 
McAllister, Cecil G , Jr (56), 9504 Bonnie Dale Rd , 
Richmond, Va 

^IcAlIister, Harmon C (56), P 0 Box 471, Chapel Hill, 
N C 

McAllister, L C (44), 201 E Chestnut St , Lancaster, Pa 
McAllister, Walks K (47), 9213 Wade Park Ave > Cleve 
land 6, Ohio 

McAllister, William M (57), 32639 Mackenzie Dr, Garden 
Citj, Mich 

McArthur, John B , Jr (53), 403 S 19th St , Baton Rouge, 
La 

McAtee, ^lonte (56), Rolla, N Dak 
McAteer, James R (54), 5111 Creekbend, Houston 35, Tex 
McAteer, Phillip J (53), Eli Lillj and Co, Indianapolis, 
Ind 

McAuliffe, Philip J (47), 133 Ljnm\ay, Lynn, Miss 
McBam, D L (52), 111 N Roberts, Gresham, (jreg 
McBain, Michael L (54), 1413 21st St , Everett, Wash 
McBaj, Arthur J (47), 5 Emerson Rd , Cochituate Mass 
McBeth, Kenneth V (54), 817 E St, Rupert, Idaho 
McBeth, Mary S (56), 2316 Eveningside Dr , Topeka, 
Kans 

McBride, Daniel (55), 1520 W North, Kalamazoo, Mich 
McBnde, H William (56), 1621 Chester Blvd , Richmond, 
Ind 

McBride, Harold D (53), 729Va State St , S . Kirkland. 
Wash 

McBride, Margaret (47) P O Box 66, ManonviIIe, Mo 
McBride, Virginia M (52), Carla Lane, Troy, N Y 
McCain, Taylor K (43), 6342 Vicland PI North Holly 
^\ood, Calif 

McCall, Philip J (47), P 0 Box 511, Kankakee, 111 
McCall, William C (49), P 0 Box 626, Orlando, Fla 
McC)alla, Charles R (55), 170 Orangewood Lane, Tustin, 
Cahf 

McCallister, Raymond W, Jr (47), 2244 Oak Quincy, III 
McCallum, Archie H (47), 6506 Kenbndge Rd , Cleveland 
29, Ohio 

McCallum, Neill H , Jr (52), 11 Columbia Ave Vineland, 
N J 

McCalpin, James (55), 2407 Man Kay Ct , Brentwood 17, 
Mo 

McCardless, John J (54), 736 — 17th Ave, Prospect Park, 
Pa 

Mc( andless, John P (49), 5701 Kingsessing Ave , Phila 
delphia 43 Pa 

McCandless, Ronald R (49), 138 W Jefferson St , Butler, 
Pa 

McCann George M (41), 1784 Southern Pkwy , Spring 
field Ohio 

McCann John E (53), 1241 Loyola Ave, Chicago 26, III 
McCann Joycelyn (55) 1241 Loyola A\e Chicago 26, III 
McCann Russell F (50), 10 Bassett St , Foxboro, Mass 
McCaren Jeanne (55), 24975 Ridge Rd , Armada, Mich 
McCarter, Douglas E (56), 6704 Montgomery, Olympia, 
Wa<!h 

McCarter Ste^en (48). 126 Ins Dr, Salmas Calif 
McCarthey, R D (52), 153 W Jefferson Kirkwood 22, 
Mo 

McCarthy, Daniel V (55), 47 Orchard Way Novato. Calif 
McCarthy, Edward W (47), 4529 Third St, N W, 
Canton, Ohio 

McCarthy James V (57), 146 Cinnamon Hill Rd , King 
of Prussia, Pa 

McCarthy, John C (47), 2nd Nat’l Bldg , Rm 306, Cincin 
nati 2, Ohio 

I^IcCarthy, Joseph E (52), 45 Loomis St .Little Falls N Y 
McCarthy, Marilyn (53), 215 Hoosick St, Troy, N Y 
McCarthy, Walter C (50), Coll of Pharmacy, Univ of 
Washington, Seattle 5, Wash 
McCartney, frank L (07), 1258 HilUiew Dr, 
Sarasota, FH 

McCartney, LeRoy W (53), 623 N Jessup St, Porthiid 
11, Oreg 

McCartney, Thomas W, Jr (48), 546 Wassermaii Rd . 
Hamilton Ohio 

McCarty, Elizabeth G (51), 4164 Richard Ave, Sigmaw, 
Mich 

McCarty, H Ward (56), 1911 E Osage Orange, Salt Lake 
City, Utah 

McCarty, James T (55), 2509 South Bl\d, Houston 6, 
Tex 

JIcCausland, Harlouen (29), 332 Douglas Aae, Waukegan, 

McClain, Howard, Jr (53), Florida A S. M Um\ , Talla 
hassee, Fla 

McCilam, Irene B (53), P O Box 145, A & M Coll , Talla 
hassee, Fla 

McClain, John J (54), 301 First Ave , Lake Charles Lt 
M cCIannahan, William G (54), 1366V2 E 14th St , Des 
Moines, low a 

McCIarty, R D (50), Seminole Mem Hosp , Sanford, Fla 
AIcfTlatchey , W Riley (48), 2406 St Clair, Pueblo Colo 
^IcClellan, Earny B (54), 859 — 22nd St , Santa Monica, 
Calif 

McClelland, Alfred W (54), 56 Highland Rd , Colonia, 

n. j. 


McClelland, John R (36), Falls \ illage. Conn 
McClendon, Charles (56), 1218 High St, Apt 1, Little 
Rock, Ark 

McClendon, E C (55), 7455 N E Second Ave, Miami 
Fla 

McC^lesk^, Thomas M (52), 918 Bankhead, N W, At 
lanta, (ja 

McCloskey, Anthony J (57), 5492 Florida, Detroit 10, 
Mich 

McClung, Ralph W (48), Frankhauser Drug, Garden Cit\ 
Kans 

McClure, Jack E (51), 1705 Columbia St, Lafayette, Ind 
McClure, Kyle W (51), 31 Mam St, Montevallo, Ala 
McCobin, Estelle C (50), 117 Sliubrook Lane, Chester, Pa 
AlcC^ollough, James E (49), 914 N Hawthorne Lane, 
Indianapolis, Ind 

McConnell, C^ampbell C (48), 1039 E 26th Ave, Denver 5, 
Colo 

McConnell, Conrad N (55), 5236 N Williams Ave, Port 
land, Oreg 

McConnell, Edward R , Jr (45), 15840 Ward, Detroit 27, 
Mich 

McConnell, Warren E (45), Univ of Florida, J Hillis 
Miller Health Center, Gainesville, Fla 
McConnell, William G (55), Kuttawa, Ky 
McCook, George E (50), 416 West Ave, North Augusta, 
S C 

McLool, E T (45), 120 W Fourth, Joplin, Mo 
McCool, Francis X (49), 400 First Ave, Parkesburg, Pa 
McC^ool, Robert W (48), 1866 Anderson St, Manhattan 
Kans 

McCord, Bobby D (54), 2904 Highland Dr, Nashville, 
Tenn 

McCorkle, Mack E (54), 200 Wilson St, Graham, N C 
McCorkle, William E, Jr (53L 725 Noonan Rd , York, 
Pa 

Mc(jormack, John J (54), 10534 S Maplewood Ave, Chi 
cago 43, 111 

McCormick, Arthur J (45), 552 Andover St, Lawrence, 
Mass 

McCormick, Janies R (53), 305 W Elm St , Mason, Mich 
McCormick, John R (54), 5105 S First St , Apt 1, 
Louisville, Ky 

McCormick, Joseph T (55), 160 Nevada St, Toledo 5, 
Ohio 

McCormick, M K (49), 46 Second Ave, E, Kahspell, 
Mont 

McCosh, Don E (54), 1750 — 12th St, Gering, Nebr 
McCosh, Theo H (45), 1750— 12th St, Germg, Nebr 
McCowan, James R (49), St Louis Coll of Pharmacy, 
Euclid & Parkview PI , St Louis 10, Mo 
McCoy, Paul G (53), 422 Conkey St, Hammond, Ind 
McCoy, Robert B (56), 234 Detroit St , Hammond, Ind 
McCracken, Oscar V (46), 9534 Maple Ave, Bellflower, 
Cahf 

McCrackin, A W (49), 432 Fifth St , Traverse City, Mich 
McCrackin, F Alex (56), Bamberg, S C 
McCrory, Charles K (54), 220 N Locust St, Lawrence 
burg, Tenn _ ^ , 

McCrory, William C, Jr (51), 6244 Park Ave, Indian 
apolis 20, Ind ^ 

McCrudden, Cornelius B (56), 31 Putnam Park, Green 
wich. Conn , , 

McCue, Ralph (56), 102 Spring Grove Rd , Pittsburgh 
35. Pa 

McCulloch, William R (56), 404 N Wenona Ave, Bay 
City, Mich 

Mc(^ullough, Ernest L (54), 3302 Columbia, Houston 18, 
T'ex 

McCullough, Jane (57), 703 Fifth Ave , Watervhet, N Y 
McCullough, Robert D (49), 2611 W 9th St, Ashtabula, 
Ohio , 

McCutcheon, George F, Jr (56), 26 Garside PI, Clark, 
N J 

McCutcheon, Rob S (47), School of Pharmacy, Oregon 
State (Toll , Corvallis, Oreg 
McDaneld, Arthur R (55), Portis, Kans 
McDaniel, Dean G (55), 512— 21st St, Apt 1, Sacra 
mento, Cahf 

McDaniel, Quitman H , Jr (55), Port Gibson Miss 
McDavid, James E (48), 2315 (Jolhns Ave, Pinole, Cain 
McDermott, Charles B (49), Wmthrop Stearns Inc, 1450 
Broadway, New York 18, N Y _ ^ 

McDevitt Martha M (56), 217 Wilton Dr, Decatur, Ga 
McDilI, Kenneth B (47), Eureka, Mo . .. . 

McDonald, Floyd J (57), 2400 Farnam St. Omaha. Nebr 
McDonald, Joanne S (53), 541 First St , N W, Hickory, 

McDonald, Robert O (49), 533 Eastwood Dr, Kirkwood 

McDonald, William R, III (54), P O Box 722, Hickory, 

McDonnell John N (37), Lindsay Lane, Meadowbrool^ Pa 

McDonnell, Joseph P, Jr (27), 274 Harvard Ave, KocK 
aiHe Centre, L I , N Y , 

McDonough M P , Sr (53), 5310 Tennessee Ave, Chat 
tanooga, Tenn 

McDonough, Martin F, Jr (51), Nickajack Hills, Chatta 
nooga 9, Tenn 

McDonough, Patricia L (45), 4622 San Sebastian Ave. 
Oakland 2, Calif 

McDougal, John A (55), 246 Douglas, Oxnard, Calif 
McDougald. Charles A (52), 209 Hall Ave, Visaha. Cain 
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McDougall, George H (57), GraySher Shopping Center, 
Hibbing, Mmn 

McDowell, John V, Jr (52), 696 Iona Ave , Akron 14, 
Ohio 

McDo^\ell, N O (44), 104 N Main, Scotland Neck, N C 
McDuffie, Roger A (40), 1604 St Andre\\s St, Greens 
boro, N C ^ ^ 

McElnio>l, John lY (50), P O Box 333, Gro\er Citj, 
Cahf 

McElroj, Llojd (55), 245 S 78th St, Birmingham, Ala 
McElroj, IV H (47), 400 Wabash Ave, Akron 7, Ohio 
McEntarfer, Wesley J (49), 32 Leverette St, hredoma, 
N Y 

McEmIU, Joseph D (57), 206 Martin Ave, Pittsburgh 
16, Pa 

McEvoy, Donald V (53), 111 Maundale A\e, Winchester. 

Mch^dden, James E, Jr (53), 506 E Main St, Lake 
City , S C 

McFadyen, D\Mght S (47), 110 Ocean Aye, Seal Beach, 
Cahf , , 

McFarland, Andrew E (57), 810 S 7th St, Watertown, 
Wis 

McFarland, John V (56), 32 Hammerschmidt, Builalo 10, 
N Y 

McFarland, Miles F (46), 2S9 E State St, Columbus 
15, Ohio 

McGaughey, John T (52), 329 Fourth St , N , St Peters 
burg, Fla ^ _ 

McGaughey, Richard C (55), 1330 N 25th St , Grand 
Junction, Colo _ 

McGee, Lucille (54), P 0 Box 857, Huntsville, Tex 
Mc(3ee, Rebeca C (56), 708 Matamoros, Laredo, Tex 
McGee, Roy J (53), 108 N Second Ave, Chula Vista, 
Cahf 

McGeough, Hugh J (55), 195 N Washington Ave , Bergen 
field, N J 

McCjettrick, A F (44), 66 Tower St, Jamaica Plain 30, 
Mass 

McGhee, Charles S (49), Rucker 5^ Hewitt, Everett, Wash 
McGill, William M (56), 4 A Murrah Apts, Union, S C 
McGlNITY, F ROWLAND (41), 3039 Eastern iVve . 
Baltimore 24, Md 

McCiivern, Robert (52), 426 Howard St, East Pittsburgh, 
Pa 

McGloon, Donald L (51), 46 Park St, Trumbull, Conn 
McGoldrick, James J (54), 3900 MacArtUur Blvd , Oakland 

19, Cahf 

McGonigal, George G J , Jr (52), 140 E 13th Ave, 
Conshohocken, Pa 

McGowan, John V (55), 392 E Bath Rd , Cuyahoga Falls, 
Ohio 

McGrath, W Robert (52), 21806— Slst Ave, W, Mount 
lake Terrace, Wash _ , ^ 

McC3raw, James W (39), 2191 Court St , Redding, Calif 
McGreevy, Erin M (55), 2666 — 109th Ave , Oakland S, 
Calif 

McGreger, William H (55), People’s Drug Co, Amory, 
Miss 

McGregor, George R J (57), 180 Mam St, Burlington, 
Vt 

McGrew, Lloyd D (57), Cisco, Tex 
Me Grew, R F (57), 20 Crestview, Madison, N J 
McGugan, Vance (53), P O Box 307, Mocksville, N C 
McGuire, Gordon P (58), 123 Beatrice Dr, West Ha\en, 
Conn 

McGwan, Norah (46), Royal Victoria Hospital, Mon 
treal, Cue , Canada 

McHale, Charles E (47), 333 St Charles St , Rm 1210, 
New Orleans 12, La 

McHalej, Burt (48), 1805 Third St, Sanger, Cahf 
McIntosh, Charles R (53), Paoli, Ind 
McIntosh, H A (58), 1818 Ewing, Apt 2, Houston 4, Tex 
Mclwecn, Nancy W (53), 1417^/2 Betty Lane, Clearwater, 
Pla 

Mcjilton, James J (57), 327 Cleveland, St Paul 5, Minn 
McKallor, Edgar M (49), 187-191 Water St, Binghamton, 
N Y 

McKay, Jack W (54), SS4V2 — 19th A\e, Sacramento 

20, Cahf 

McKay, Ralph H (56), 2250 Dahlia St, Denver, Colo 
McKay, Robert E (50), USPHS Indian Hosp , Shaw 
nee, Okla 

McKay, Robert H (53), Manzanita Via, Pine Valley, 
Cahf 

McKay, Thomas W , Jr (55), 30 Mam St , Camden, Maine 
McKechme, William J (55), Bismarck Hosp , Bismarck, 
N Dak 

McKee, Fred E (49), 3301 Detroit Ave , Toledo 10, Ohio 
McKee, Horace H , Jr (SO), P O Box 413, Ware Shoals, 
S C 

McKee, Peter R (55), P O Box 1086, El Paso, Tex 
McKee, Shirley P t56), 985 Fairfield Ave, Apt A 4, 
Bridgeport 5, Conn 

McKee, William E (53), 330 W 8th St , Leadville, Colo 
McKeehan, Wayne (51), 3280 E Loretta Dr, Indian 
apolis 27, Ind 

McKeighan, John J (41), 1801 N Saginaw St, Flint, 
Mich 

McKeith, Milford A (57), 75 N Hudson, Coldw’atcr, Mich 
McKellar, Charles L (57), 673 E Pike St , Pontiac, Mich 
McKenna, Walter D (S3), 11 Weld Ave, Norwood, Mass 
McKenna, Warren (49), 2602'/2 Havana St, New Orleans 
19, La 


McKenna, William C, Jr (27), 3902 Hadley Sq , W, 
Baltimore 18, Md 

McKENNEY, FRANK R (15). 8 Potter St, Brunswick, 
Blaine 

McKenney, Harley Z (55), Ralph Hayes Pharmacy, 
Wellington, Ohio 

McKenzie, Darrell S (51), 209 W 11th St , Rome, Ga 
McKenzie, Donald R (43), 8440 Terrace Dr, El Cerrito, 
Cahf 

McKenzie, J D (57), 371S \Vashington Ave, Gulfport, 
Miss 

McKesson, DONALD (06), Manursmg Island, Rye, 
N Y 

McKinley, James D, Jr (47), M D Anderson Hosp, 
Texas Med Center, Houston 25, Tex 
McKinley, William L (44), 1093 W First Ave , Columbus 
8, Ohio 

Mctvinney, Frederick M (48), Arabian American Oil Co, 
Dhahran, Saudi Arabia 

McKinney, Myron W (45), 4425 Brown Rd , Indianapolis, 
Ind 

McKinney, Robert H (46), The Davidson Commission Co, 
141 W Jackson Blvd, Chicago 4, 111 
McKinnis, Robert (49), Culver, Ind 

McKinnon, Lt Dan A (52), U S Army Hosp , Fort 
Riley, Kans 

McKmzie Charles L (55), 834 S Louisville, Tulsa, Okla 
McKnight Claude L (43), P O Box 247, (leres, <iahf 
McLain, Eugene T (55), 1614 — 26th St, W, Bradenton, 
Fla 

McLallcn, James I , Jr (56), Road No 1, Valencia, Pa 
McLaren, Richard (55), 223 Kingston Ave, Brooklyn 13, 
N Y 

McLaughlin, Charles B (57), Rtc 1, Box 444, Wheelers 
burg, Ohio 

McLaughlin, Harold A (49), 412 South Ave, Whitman, 
Mass 

McLean, John D (54), 130 Flora Blvd , Fairfield, Conn 
McLean, William C (52), Peterstown, W Va 
McLemore, David F (55), 915^/2 Britton Rd , Oklahoma 
City 14, Okla 

McMahon, J Leo (57), 6550 Troost Ave, Room C, Kansas 
City 10, Mo 

McMahon, Owen G (57), 17 Beeknian Ave, Mt Vernon, 
N Y 

McManus, Daniel A (S3), 1217 N Courthouse Rd , Apt 
202, Arlington, Va 

McManus, George A (57), 126 Mam St, Nyack, N Y 
McMeans, Fayette W (47), 621 E Saner, Dallas, Tex 
McMeans, John W (34), 2928 Bath Ave, Ashland, Ky 
McMillan, R H (49), 3001— 16th St , N , St Petersburg 
6, Fla 

McMilIm, George L , Jr (47), 214 Marylea St , Pitts 
burgh 27, Pa 

McMorns, Donald W (47), 3630 Jackson St, Corvallis, 
Oreg 

McMullen M M , Jr (57), 823 Gulf Blvd , Freeport, Tex 
M^ab, Thomas A (52), 550 University Ave, Toronto, 
Ontario, Canada 

McNabb, Michael T (50), 205 N Tremont St, Kewanee, 

McNamara, Jack W (45), Brooke Army Hospital, Ft 
Sam Houston, Tex 

McNamara, James F (57), 709 N Mavis St, Apt 4, 
Anaheim, Calif 

McNamara, Joan P (55), P O Box 265, Milford, Conn 
McNamara, Joseph A (52), 106 High St , Clinton, Mass 
McNamee, Harold R, Jr (47), 1808 N E Knott St, 
Portland 12, Oreg 

McNaught, Donald E (57), 1329 I St, Bakersfield. Calif 
McNeal, Herbert L (47), 1135 S Patricia, Detroit 17. 
Mich 

McNcal, Marguerite E (43), Rte 3, Bucyrus Ohio 
McNeal, Mary A (43), 90 King Ave, Columbus 1, Ohio 
McNElL, HENRY S (52), 2900 N 17th St, Philadel 
phia 32, Pa 

M^cil, Marcel C (56), 7312 Bordeaux St, Montreal, 
Canada 

McNEIL, R LINCOLN (39), 2900 N 17th St, Phila 
delphia. Pa 

McNEIL, ROBERT L , Jr (39), Meadowbrook Lane, 
Philadelphia 18, Pa 
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Miller, Paul (54), 1526 Williams Lane, Apt 5, Decatur 
(3a 

sillier, Paul (55), 21 Zimbnch St, Rochester 21, N Y 
Jliller, Ph>Ilis I (54), 864 N Grandview Dr, Fullerton, 
Calif 

Miller, Richard A (55), 2338 Sidnej Ave, Baltimore 30, 
Md 

Miller, Richard K (57), 701 S Main St , Knox, Ind 
Miller, Robert (52), 10 W Mam St, St Johnsville, N Y 
MiPer, Robert A (49), Karla Dr, Whippan>, N. J 
Miller, Robert H (49), Coll of Pharraacj, Univ of 
r^Iinnesota, Minneapolis 14, Minn 
Miller, Roger B (52), 1116 Larimer, Pratt, Kans 
Miller, Ronald L (54), 4437 N La Porte Ave., Chicago 
41, III 


Miller, Ronald P. (57), 2305 Washington Ave, Evansville 
Ind ’ 

Miller, Rupert P (56), 51 S Main St, Montgomery Pt 
M ilder, ^Samuel D (57), 70 W Mt Eden Ave, New Vork 

Miller, Sidney (46), 531 W Wisconsin Ave, Appleton 
Wis. ’ 

Miller, Sidney E (51), 4385 Henr> St, Muskegon, Mich 
Miller, Sol S (57), 137 Riverside Dr , New York 24, N Y. 
Millci, Ted (55), 4543 Mam, Kansas Citj 11, Mo 
Miller, Thurman H (55), 1928 N 13th St, Terre Haute 
Ind ’ 

Miller, Virgil G. (56), 227 Lawndale, Hammond, Ind 
Aliller, Wade N (51), 30 Ivanhoe PI , Valley Stream, N Y 
Miller, Walter W (49), 3631 Minnesota Ave, S. E, Aot 
303, Washington 19, D. C 

Miller, Wandel O (50), 1301 N Oakland Ave, Indian 
apohs 1, Ind 

Mdler, Wayne C. (52), 215 Broad St, New Bethlehem, 

Miller, William W (43), 4132 Cooke St , Duluth 4, Minn 
Millham, Donald J. (55), 202 Baldwin St, Johnson Cit>. 
N Y 

Millican, I^Ianyon M (51), P O Box 9977, Birmingham, 
6B, Alabama 

Milligan, Jack J. (57), 1935 Lincoln St, Salt Lake Cit> 
5, Utah 

I^IILLIKAN, F FORD (38), School of Pharmacy, Umv 
of Geoigia, Athens, Ga 

Milliken, Frank \V (53), 458 Niantic Ave , Daly City, Cahf 
Milliman, George E (56), 470 N Goodman, Rochester 9, 
N \ 

MiHiones, Peter T (56), 147 Scofield Rd , Charlotte 3, 
N C 

Mills, Charles G , Jr. (54), 4020 Crawford Lane, Louisville 
18, Ky 

Mills, Ernest W. (56), 17146 RoseJawn, Detroit 21, Mich 
Mills, Glen (51), 206 S. 9th St, Chesterton, Ind 
Mills, Harold W. (46). P O Box 1472, Rapid City, S Dak 
Mills, John E (53), Chffside, N C. 

Mills, Pvt Mortimer (54), Med Co, 6th Inf Regt , APO 
742, New York, N Y 

Mills, Oscar W. (56), Boulevard St, Leaksville, N C 
Mills, Roger C (53), 17 Preway Rd , Tabor (3ity, N, C 
Mills, Thomas J (55), 1740 W. Maple Ave, Birmingham, 
Mich 

Millsap, Dorothy L (56), 305 Shepard St , Marietta, Ga 
Millslagle, Gerald (55), 5235 Pomander, Houston 21, Tex 
Milne, Alexander M. (48), 8305 Woodhaven Blvd, Be 
thesda 14, Md 

Milne, Kenneth S (53), 3506 Allendale, Victoria, Tex 
Milner, Edward S (55), 3700 Walnut St, Philadelphia 4, 
Pa 

Milner, Louis (36), 4400 Chestnut St, Philadelphia 4, Pa 
MiJstein, Morns (44), 440 Troy Ave, Brooklyn, N Y 
Milton, Isador (52), 840 Eghnton Ave , W , Toronto, Ont , 
Canada 

Mma, Francis A (56), Catalpa Rd , Morristown, N J 
Minck, Harry R , Jr (S3), 3725 Saturn Rd , Columbus 21, 
Ohio 

Mindel, Leonard (49). 433 Eliot St , Milton, Mass 
Miner, Edward P (55), Pleasant Terr, Ware, Mass 
Miner, Lewis C (57), 1317 Jay Ave, Ypsdanti, Mich 
Mingle, Wilham O (54), 209 Claremont Rd , Springnehk 
Pa 

Mimcozzi, Urbano D (56), 803 Spring St, Jessup, Pa 
Mink, Theodore (47), 121 Westmoreland Terr, Akron 2, 
Ohio 

Minnet, Robert J (50), 13197 Mayfield, Detroit 5, Mich 
Minnich, Fred B (50). 501 W Market St. York. Pa 
Minnich, Lljwellan E F (43), 501 W Market, York, Pa 
Minnick, Albert W (55), 2114 Spear St , Logansport, Ind 
Minor, Ed (57). 738 Braros, Austin 3, Tex 
Minore, Sam (47), 8721 Van Djke, Detroit 13, Mich 
Minta, Jerome C (56), 3224 Pittsburgh, Chicago 31, 111 
Mintzer, Harvey (53), 280 Ocean Pkwy , Brooklyn, N Y 
Mintzer, Lester H (52), 98 Bo>nton Ave, Plattsburg, 
N. Y. ^ , 

Miriello, Charles G (55), 409 S Walnut St , Milford, Del 
Mirskj, Samuel (56), 96 Third St , Passaic, N J , _ , 
Mrsage, John R (S3), 139 W Edna St, Homestead Park, 

Misek, Bernard (52), Llojd Brothers, Inc, 5216 Beech 
mont Ave , Cincinnati 30, Ohio _ , 

Misek, Joseph B (52), 1203 N Grand Ave , Baldwin, L i . 

N Y ,, 

Misitano, Carl (50), 1246 — 36th St , BrookI>n 18, N i 
MiskolT, John (55), 665 N E 58th, Miami, Fla , 

Missimore, Norma G (53), 1355 McCutcheon, Richmond 
Heights 17, Mo 

Mitc3iel, Leomrd (53). 820 Laramie. Wilmette, III 
Mitchell, Charles M , Jr (47), 613 Cedar Lane, \inano\a, 

Mitchell, Ernest A (46), 977 E 55th St, Los Ansreles II, 
Cahf 

Mitchell, Fred L (54), 757 Collejte St, Beaumont, Tex 
Mitchell, Herbert I (S3), 728 Willow St, Cranford, N , J 
Mitchell, Tack C (47), 545 Chestnut St, Apt 302. 

netka HI . P, 

Mitchell, James (SI), 7723 Stanton Ate. r“tshurgh 18 , « 
Mitchell, John S (39), Freedman’s Hosp, Washing • 

D C 

Mitchell, Lindsav (53), Mary Fletcher Hosp, Phar 
macy, Burlington, Vt. 
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Mitchell, Manl>n R C55), 226 Damascus Rd , Augusta, Ga 
Mitchell, Robert A (57), 631 N Forest, Bellingham Wash 
Mitchell, Robert C (56), 2860 Ward\\a> Dr, Salt Lake 
(Titj 17, Utah 

Mitchell, Robert G (55), 1655 Plainfield A\e, Grand 
Rapids, Mich 

Mitchell, William (55), Moore &. King, 836 Market St, 
Chattanooga 2, Tenn 

Mitchener, James W (51), Cabarrus Memorial Hosp , 
Concord, N C 

Mitchner, Hyman (56), School of Pharmacy, Univ of 
Wisconsin, Madison. Wis 

Mitok, Pvt Donald M (53), U. S Armj Disp , Ft Lewis* 
Wash 

Mitra, Arun K (55), Lewis Howe Co, 319 S Fourth St, 
St Louis 2, Mo 

Mittelstaedt, Stanle> G (47). Coll of Pharmacj, Uni\ of 
Arkansas, Little Rock, Ark 
Mittuch, j W (47), 61 Roose%elt, Carteret, N J 
Mittuch, Jos^h E (53), 61 Roosevelt Axe , Carteret, N J 
Mi>a, Tom b (48), School of Pharmacy, Purdue Unix , 
Lafaxette, Ind 

Miyamoto, Albert M (S3), 1932 Lime St, Honolulu 27, 
Hawaii 

Mijata, Tamio T (57), 2114 Dexter Axe , Seattle 9, Wash 
Mi>ata, Ted I (47), 923Va W 63rd St, Chicago 21. Ill 
Mizutani, Lt Gen (53), C Battery, 537 PA Bn , Port Sill, 
OUa 

Mizutam, Mitsuo J (50), 432 Union Drixe, Apt 4, Los 
Angeles 17, Calif 

Mlodzinski, John J (55), 1501 N Hills Axe, Willoxx 
Grove, Pa 

Mobiho, Joseph N (45), 1500 S Broad St , Philadelphia 
46, Pa 

Moblo, Richard G (56), 943 E Dale Axe, Muskegon, 
Mich 

Mochizuki, Yosh (44), 4726 Kings Canyon Rd , Fresno, 
Calif 

Mock, G Warren (57), 6287 Stumph Rd , Apt C 2, Parma 
Heights 30, Ohio 

Modcll, Robert L (S3), 602 Georgia Axe, Brookljn 7, 
NY ^ , 

Modcn, Bruce J (S3), 45 Hammerschmidt, Buffalo 10, N Y 
Moed, Sheldon I (52), 600 E 54th St, BrooU>n, N Y 
Moen, Henry M (46), 2388 University Ave , St Paul 14, 
Minn _ ^ 

Moffatt, Paul C (54), 5 Westminster PI, Walnut Creek, 
Cahf 

Moffatt, Thomas A (57), 311 S W 12th Ave , Ft Lauder 
dale, Fla 

Moffett, Don C (52), 11825 Peach St, L>nwood, Calif 
Moffett, Spencer L (56), P O Box 733, Warrenton, Va 
Moffett, W G (57), VA Center Biloxi, Miss 
Moffitt. Walter J (43), 3814 Merixale Axe, San Diego 
16, Cahf 

Mogan, Mnrjone A (54), 19 Fair Oaks Dr, Lexington, 
Mass 

Mogannam, Nasrallah M (52), 1100 Dixisadero, San Fran 
CISCO IS, Cahf 

Mogclever, Daxid (54) 600 — 6th Axe, Asburj Park, N J 
Moglowsky, Alan M (50), 5510 W Martin Dr, Mihxau 
kee 8, Wis 

hlogull, Edward (47), 1260 Main St , Bridgeport 3, Conn 
Mohan, Thomas J (50), 1436 Hamilton Axe, St Louis 
12, Mo 

Alohnsen, Chester E (52), 9015 Washington Blxd W Dr, 
Indianapolis, Ind 

Mom, Arthur C (47), 1022 Tower Axe, Supenor, Wis 
Moir, Bruce T (51), 551 Osborne St, Winnipeg, Mam 
toba, Canada 

Moir, John G (52), FacuUx of Pharmacj, Unix of British 
Columbia, Vancouxer 8, B C, Canada 
Moldow Alan R (55), 67 54 Groton St, Forest Hills. 
New York, N Y 

Molebash, Allen L (55), 127 E Maple St, Bremen Ind 
Moler, Robert K (51), 716 Park Axe, Brunswick, Md 
Mohnsky, Victor (S3), 380 Alabama Axe, Brookljn 7, 
N Y 

Moll, J A (49), 1201 Cloquet Axe, Cloquet, Minn 
Moll. Russell O (47), 1500 N 13th St, Reading, Pa 
MOLLETT, C E F (09), P O Box 209, Selma, Cahf 
Molloj, John N (56), 3715 Kirkup Axe, Cincinnati 13, 
Ohio 

Molloy, Joseph T, Jr (50), Post Rd , Hxde Park, N Y 
hlolotnik, Martm (54), 1437^/2 Berkelej St , Santa Monica, 
Calif 

Molpus, Fred D (52), P O Box 726, Dajtona Beach, Fla 
Monaco Angelo L (52), 1008 Highland Axe , Blueficid, 
W 

Monaco, Anthonj L (51), 1336 Pine St, Norristown Pa 
Monahan, Ashlej L (47), 621 N Manhattan Axe, Man 
hattan, Kans 

Monahan, Beulah C (52), 2507 N W 23rd, Oklahoma 
Citx , Okla 

IMonast, Martin F (52), 15 Carleton Rd , Rochdale Mass 
Monasterskj, Gerald (52) 659 Chancellor Axe, Irxingtoii, 
N J 

^foncur, Hugh D, Jr (51), 1962 — 29th Axe, San Fran 
CISCO, Cahf 

Mond. Bertrand (54), 601 E 19tli St, Brookljn 26. N V 
Monettc Edmund F (58), 78 Sunset Axe, Laxxrencc Mass 
Moncj, Marion R (531 23 S Mam St, Spencer, Ind 
Monej, Sliirlcj (55), Hillside Axe, Spencer, Ind 


Mongelluzzo, John, Jr (56), 119 S Metcalf, Lima, Ohio 
Mongm, Arthur H , Jr (54), 112 E Second St , Kaukauna, 
Wis 

Monk, Alfred J (54), P O Box 289, Blackstone, Mass 
Monkman. Richard (47), 1844 S 57th Axe, Cicero, 111 
Monma, Jean H (56), 959 Ashburj St, San Francisco, 
Cahf 

Monn, Donald A (49), 314 Rixerxiexx Blxd, Daytona 
Beach, Fla 

Monroe, Charles R (55), 308 — 7th St , Charleston, 111 
Monroe, Paul A (51), 13035 — 12 Axe, NW, Seattle 
77, Wash 

Monroe, Robert (55), U S P H S Indian Hosp , Rapid 
Citx, S Dak 

Monsanto, Teresa (52), Colxos Rd , Rle 1, Box 620, 
Vashon Island, Wash 

Monserrate, Sotie (50), 1208 S Bajshore Dr, Miami, Fla 
Monserrate Anselmi, A L (43), American Steroids, E 
Roosexelt Axe, Hato Rej, P R 
Montagmo, Neil (57), 2843 Strauss St, Toledo, Ohio 
Montagnmo, Michael A (48), 6823 Sexen (Jaks Axe, 
Baton Rouge 8, La 

Montalbano, Roj M (53), 1507 Harcourt Dr, Apt A, 
Nexx Orleans, La 

jMonte-Boxi, Anthonj J (37), 35 30 — 159th St , Flushing 
58, N Y 

Montecuollo, Arnoldo E (48), 596 I^Ioonachie Axe, Wood 
Ridge, N J 

Afonteith, Alelxm E (56), 481 Getzxille Rd , Snjder 21, 
N V 

Alontelepre, John, Jr (S3), 2244 Franklin Axe, Nexx 
Orleans 1 7, Li 

Alontenegro, Fernando J S (57), Riachuelo 740, Recife 
Pernambuco, Brazil 

Alontgomerj, Carl K (57), 702 S S7th St, Tacoma 8, 
Wash 

Alontgomerj, G A (49), 524 Fairfax St, Radford, Va 
Montgomerj, Harry E (46), 1748 Youngstoxvn Rd , Warren, 
Ohio 

Afonticelli, Nazareno E (57), 920 N 64th St, Philadelphia 
31, Pa 

Monjak, Dorotlu' V (45), 405 Mam Ave , Ahquippa, Pa 
Moodj, Joseph E , Jr (SS), 114 Palmer Ave , Tallahassee, 
Fla 

Moodj, Ralph D (51), 602 Mam St, Corona, Cahf 
Alooncai, Thomas W (51), 49 St Stephen St, Boston IS, 
Afass 

Moonej, Frances P (55), 16636 Ardmore, Detroit, Alich 
Aloonej, Lola A (54). Babs Apt, No 14, 120 S Fourth 
St , W Missoula, Mont 

Aloonej, William J (44), P 0 Box 1616, Indianapolis 6, 
Ind 

Aloonej, William P (47), 2192 S 60th St, West Alhs, 
Wis 

Moore, A Gordon (57), P 0 Box 222, French Lick, Ind 
Moore, Albert H (56). LSPA Welfare Program, 4759 
Newcomb Dr, Baton Rouge, La 
Moore, Alexander M (52), Parke, Davis and Co , Research 
Dix , Detroit 32, Alich 

Aloore, Arthur (56), 22 Elm Ave, Pitman, N J 
Moore, Ben S (50), 1806 Georgetown Rd , Cleveland, Tenn 
Aloore, C H (55), P02 Belmont, Fresno 3, Cahf 
Moore, Edward J (57), 1922 Holland Ave, Utica 3, N Y 
Aloore, Elmer B (47), 324 Richmond St, Lancaster. Kv 
Moore. Fred W (29), 104 W Alam St, Mesa, Ariz 
Aloore, Harrj E (52), Union, AIiss 
Aloore, Ivan M (46), 1025 Southgate St, Victoria, B C 
Canada ' 

Moore, Jack (49). 421 Julia St . Jacksonville, Fla 
Aloore, James W (47), 32 Nonantum St, Brighton 35 
Alass * 

Moore, Jimes ^V (49), P O Box 367, Bismarck. N Dak 
Moore, James W (56). 2750 Hampshire Rd , Cleveland 
Heights 6, Ohio 

Moore, Janet F (49), 24 S Mam St. Manchester, N H 
Moore, Toe W (57), 157 Dreyer, Memphis 9, Tenn 
Moore, John B (52). Rte 4, Greensburtt. Pa 
^'vX’ N 'c Greenville Hvvj , Henderson 

^^sVrNevrYork^7.^N^V^‘''' • 122 E 42nd 

Moore, JTilton A (47), 301 SHin, Tarboro H C 
Moore, Robert C (52), Goodrich St, Binaham ATaine 
Moore, Robert E (50) 5501 hTilitarJ Dr? Dallafl? Tex 

' 'feni ^ Hospitek Kmes^in. 

Moore, Robert J (55), 18 Grandxicxx, Ft Thomas K\ 
Moore, Thomas B (54) Fastnort, N Y 
Moore, Vernon R (48), 717 Alorgan St. Meadxalle Pi 
Moore. M^alter T (57), P O Box 264, Brady T«’ 
M^ri^Wilhs E (55), 3 Patroon Lane, Rte 1 * Rensselaer 

Moorhead, John R , Jr (55), Rte 1, Box 595, Tampa Fla 
Alootrj, Earl H (44), 1999 N Capitol, Salem, Oreg * 

Mon Louis J (S3), 1722 Sichel St, Los Angeles 31 
Cahf ' 

Moradi, Lohta G (52), 3202 E Spruce, Seattle 22. Wash 
Morais, Camille (49), 632 Merrimack St, Lowell, Alass 
Aloralez, Ernesto Jr (56), P O Box 174, Bemxides, Tex 
Moran, Hilton (55), P O Box 327, Galesxillc, Wis 
Aloran, R J (45), 155 Groxc St , Cambridge, Mass 
Aloran, Thomas J (55), 9242 Aberdeen, Chicago, III 
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Moraiec, Daniel F (53), 5105 Washington St. Lincoln, 

^ -^T ttr 

MORDELL, J SOLON (31), 2800 Quebec St , N W. 

Washington 8 D C . t-. 

Mordue, Howard W, Jr (55), 13700 Woodward, Detroit 

Moreau, Albert C (46), 18 Old Oaks Rd , Rosemont, Pa 
Morecombe, Fred A (54), Malhnckrodt Chem Works, 
3600 N Second St , St Louis 7, Mo 
Moredock, M Patricia (52), 726 Nuttman Ave , Fort 
Wa>ne, Ind 

Moreland, C C (53), Rte 2, Rushville, 111 
Moreland, Howard M, Jr (51), 830 Hajes Ave, Cuya- 
hoga Falls Ohio ^ tr 

Morell, Claudio (50), 54 Market St , New York 2, N \ 
Morell, Frank (50), 400 S Sparks Burbank, Calif 
Morello, Joseph F (49), 1147 E California Ave, Glendale 
6, (^alif _ 

Moreno Alfredo A, Jr (56), 300 W Corpus Chnsti St, 
Bee\ille Te\ __ 

Moreno, Frank E (55). 754 Blandina St, Utica, N Y 
Moreno, Oswald J (54), 222 La Manna, Santa Barbara, 
Calif _ 

Moretti, John B (54), 2711 — 9th A\e , Beaver Falls, Pa 
Morgan, Charles R (57), 906 N Gulf Blvd , Freeport, 
Tex 

Morgan, Duaine B (52), 201 S Main, Yazoo Cit>, Miss 
Morgan, Gerald G (56) Corning. Ark 
^lorgan, Harry G (49), 5773 N Hillside Ave, Indian 
apohs 20, Ind 

Morgan, Har\c> B (53) Gloucester, Va 
Morgan, Houston R (51), 3608 Elm Rd , Stow, Ohio 
Morgan, Mary E (44), 3097 Highland Dr, Cuyahoga Falls, 
Ohio 

Morgan, Ola E (51) 2231 Marengo St, New Orleans, La 
Morgan, Pauline (52), Morgan Drug Co, Mountain Home, 
Ark 

Morgan, Richard L (51), 6001 Primrose Indianapolis, Tnd 
Morgan, Robert R, Sr (51), 556 N College St, New 
coraerstown Ohio 

Morgan, William D (54), 1133 Morley Ave, S E, 
Atlanta 12, Ga 

Morgan William H (53), P 0 Box 23. Lexington, Tex 
Morgans David J (56), 1347 E Ave Rosljn Pa 
Morgenroth, Victor H, Jr (49), 3700 Edmondson Ave, 
Baltimore 29, Md 

Merger, Mineta (51), 3919 John R St, Detroit 1, Mich 
Morgovskj, Bert S (52), 165 Shrewsbury Ave, Red 
Bank 6, N J 

Mon Mary T (44) Bethesda Hospital, Oak S. Reading 
Rd , Cincinnati 6 Ohio 

Moriarty, Patrick F (51) 1115 E Epler, Indianapolis, 

Ind 

Moriguchi, Robert (52), 712 — 8th Ave, San Francisco, 
Calif 

Monn Robert L (39) 56 Mam St , Danielson Conn 
Monnishi, Ted H (52), 3641 Virginia Rd Los Angeles, 
Calif 

Morita Sue (47), 962 Jones St, Apt 2, San Fnncisco 9, 
Calif 

Moritz, C E (57), 600 Washington Sq , Philadelphia 6, 
Pa 

Morlev, ]SIrs Richard (43), 1332 Davis St Birmingham, 
Mich 

Mornik Arlene (a?) 6320 Olympia ^Iinneapohs 22, Minn 
Moroknek, Stanley (56), 1045 Anderson Ave , Bronx 52, 
N Y 

Moronev Daniel P (56), 763 Rivard Blvd , Grosse Pointe 
30, Mich 

Morra Ernest (24), 259 Stuyvesant Ave , Brooklyn 21, 
N Y 

Morrell, Herbert F (55), 4108 Alma Ave , Knoxville Tenn 
Morrelli, Frank A, Jr (57), 217 Medway St, Apt 4 A, 
Providence, R I 

Morns, Clyde (52), P O Box 488, Daytona Beach Fla 
"Morns, D W (41) 423 Commercial St , Emporia, Kans 
Morns, Davis A (57), 5817 S SOth S.t , Omaha 7, Nebr 
Morris, Elmer, Sr (50), 318 N Victoria St, St Paul 4, 
Minn 

Morris, Frank B (57) 1747 Pollard Independence, Mo 
Morns Franklin L (47), 531 N Orchard Dr, Burbank, 
Calif 

^^o^ns, Harry F (49), 1000 Helen Ave, Detroit 7, Mich 
Morns, Terrv B (54) 2420 Duncan St Louisville Ky 
^Torris, Joy H (48), 35 Veronica Rd . West Chester, Pa 
Morns, Kenneth R (45) 710 K Sacramento Calif 

Morns, Leon E (56), 3594 Virgil Blvd , New Orleans 22, 
La 

^^o^ns, Norman (55) 5507 Bavwood St, Pittsburgh 6 Pa 
Morns, Norman L (55), 2705 Pine Ave Gulfport Miss 
Morns Robert J (55), 528 Irvington Ave, Brooklyn 9, 
N Y 

^lorns, Ruth E (43) Immanuel Hospital 34th & Fowler 
Ave, Omaha 11 Nebr 

Morris, S Kvle (47) 121 E South Kalamazoo 5 Mich 
^forris, Stephen C (34), Rte 1 Newton Grove, N C 
Morns Vincent T (54), 1367 Brook Ave, New York 56 
N Y. 

Morns, William F (56), 1380 Ridge Rd , Northbrook lU 
Morns, William R (57), 3139 — 59th St , Des Moines 11, 
Iowa 

Morrison A William (48), 793 N W 44th St , Miami 
37. Fla 


Morrison, Carolyn Y (57), 815 Northfield Dr, Lebanon 
Ind ’ 

Morrison, Donald (56), 464 Common, Belmont ''8, Mass 
Morrison, Finlay A (48), Faculty of Pharmacy, Um\ of 
British Columbia, Vancouver, B C , Canada 
Morrison, Hamish M (54), 16 Cornish Ave, Binghamton 
N Y 

Morrison, Jack O (49), 3018 Hillglenn Rd , Dallas 28 
Tex 

Morrison, James R (47), 6113 Ridge Ave, Philadelphia 
28, Pa 

Morrison, Robert S (45), 101 Wilson St, Cleona, Pa 
Morrison, Robert W (39), 3447 Coleman St, Columbia 

MORRISON, SHERMAN W (22), Pharmacy Dept, 250 
E Superior St, Chicago 11, III 
Morrisroe, William E (54), 11371 Riverdale, Detroit 39, 
Mich 

Morrissey, John J (39), 329 Park St , Lawrence, Mass 
Mornsson Robert (SO), 137 Middle St, Portland 6, Maine 
Morrow, Eddie A (55) Lone Jack, Mo 
Morrow, George W (53) 434 Jeter St , Edgefield, S C 
Morrow, Leonard E (47), 3168 Cordova Way, Lafayette 
Cahf 

Morse, Alvina J (51), 169 Winbourne Rd , Rochester 19 
N Y 

Morse, John W (50), 23 N Mam St, Union City, Pa 
Morse. Robert L (57), 226 Closter Dock Rd , Closter 
N J 

Morse, Samuel (46), 39 Whitney St , Closter, N J 
Morse Vincent A (56), 202 B Avon Rd , Haddonfield 
N J 

Morse, William (56), 4338 N Wolcott St, Chicago, III 
Mortensen, Charles (56), 133 Claremont, San Antonio, Tex 
Mortenson, David B (54), 47 Mam St, Hudson, Jlass 
Morze, Edward D (54), 2320 E Allegheny Ave, Phila 
delphia 34, Pa 

Mosby, R Ray (40), 2515 Chestnut Ave, Newport News 
Va 

Mosby, William H (58), 4614 Enright Ave, St Louis 
13, Mo 

Moscati, Adrian (52), 3305 Gibbons Ave, Baltimore 14, 
Md 

Moscoso, Enrique I (40), P 0 1789, Ponce P R 
Moscoso, lose G (45), Phza Degetau Ponce, P R 
Moseley, Thomas Q (46), P O Box 298, Ennis, Tex 
Mosemann, Charles B (5d). 29 N Prince St, Lancaster 
Pa 

Moses, Chde L (54), 2223 Leslie Ave , Nashville 5 Term 
Moses, Edmond B , Jr (50), 1502 Hillcrest Ave, Orlando 
Fla 

Mosher, Charles A (52), 63 Ralph Talbot, South Wey 
mouth, Mass 

Mosher, Russell Y (52), 3310 Landover St, Alexandria 
Va 

Moskalski, Constance (56), 711 W Roosevelt Blvd, Phila 
delphia 40, Pa 

Moskey, Thomas A , Jr (40), 5421 N 24th St, Arlington 
5, Va 

Moskowitz, Jack (54), 127 Shephard Ave Newark 8, N T 
Moskowitz, Louis J (48), 469 Monroe Ave, Rochester 7 
N Y 

Moskowitz, Melvin M (50), 15 82 — 202nd St, Bayside 60 
NY 

Moskowitz Sheldon (55), 1786 Topping Ave, New lork 
57. N y 

Mo^ler, Thomas A (41), 112 Forest Hill Rd , West Orange 
N J 

Mosley Tames A (52) 2608 Oaklev, Bossier City, La 
Moss, LCDR Chester D (51), U S Naval Station, U S 
Nav^al Base, Norfolk, Va , 

Moss, David M (56), 8760 Jos Campau, Hamtramck 12, 
Mich 

Moss, Tack (45), 812 Tennessee St, Vallejo Calif 
Moss, Tames A (52), 508 W 9th St East Liverpool Ohio 
Moss, Tames J (55), 119 Rugg St, Hot Springs, Ark 
Moss Robert C (48), P O Box 687 Clarendon Tex 
Mosse, Lawrence (52) 42 20 Kissena Blvd , Flushing N Y 
Mossman, Leo W (43) 608 First Ave GalUpolis Ohio 
Mossman, Vernon C (55), 6541 N 10th Ave, Phoenix, 
Anz 

Mosso Joseph A (51) 506 Teffersnn St, Latrohe Pa 
Mosteller, James A (52), 737 E Third St, Williamsport, 
IPa 

Mote, Winmfred K (S6). 3420 S Union, Des Moines IS, 
Io"a T J 

Motnans, Anna (56) 400 S Walnut, Bloomington, md 
Motoasca, George (57), 755 Park Ave Uniondale N i 
Motoike, Akiko (55), 815 E Parsonage Rd , Seabrook 

Mottn, Louis J (55) 3411 W 83rd St Inelenood Calit 
Mottar John A (46) 1034 Florida, Edwardsyille JJl 

Motto Ro«; Louis A (50), 1938 W Harding Way, otocK 
ton Calif . , 

Motvlski, Joseph (55), 8211 Blackburn, Los Angeles o, 
Calif » YOQ 

Mouasher, Ants (57) % Ibn Cma Pharmacy, Box lyo, 

Amman, Hashemite Kingdom of Jordan . ,,, 

Mouat (Gordon A (43) 106 Yorkleigh Rd , Towson 7-,^ 
^Tond^^ Frank W (35) 364 St Peter St St Paul Mmn 
MOULTON GEORGE A (36), 1612 Sunset PI » 

Mvers Fla _ , Vnrili 

Mounger, l^Iarshall N (57), 19512 N W 7th Ct . ^orm 
Miami, Fla 
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Mount, George R (55), 14 Central Ave , N E, LeMars, 
loua 

Mount, Joseph G (49), 34 Willow A\e, Schenectidy 4, 
N Y 

Mourer, Ro> E (SI), Dean’s Drug, Bea\erton, Oreg 
Mouton, Raymond N (53), V O Box 120, Scott, La 
Mouton, Walter R (48), 1115 E Simcoe, Lafayette, La 
Mowen, Hugh L (54), 324 College Ave, Ithaca, N Y 
Mower Calvin R (55), 228 Pacific A\e, Rodeo, Cahf 
Mox, E June (51), 118 Patterson Bl\d , Pleasant Hill, 
Cahf ^ ^ 

Moxe>, I eo (57), 1215 Blackstone Ave , Fresno, Cahf 
Mo>er, Ella L (47), Germantown Hosp , Philadelphia 44, 
Pa 

Mojer, R J (46), Burmont 8. Morgan Aves, Drexel HiH, 
Pa 

Mo2er, Nathan L (42), 2825 St Charles Ave, Apt 212, 
New Orleans, La 

Mrazek, Rudolph G (47), 4309 Cermak Rd , Chicago 23, 
III 

Mroc7>nski, Joseph (56), 577 Oliver St, North Tonawanda, 
N Y 

Mucemo, Joseph A, Jr (55), 58 Central St, Forestville, 
(^onn 

Mucha, Mar) A (53), 200 Second St , High Spire, Pa 
Mudge, Haney D (50), St Clare’s Hosp, Schenectad> 4, 
NY 

Mudgett, Paul E (47), 592 Mam St , Fortuna, Cahf 
Mudra, Phillips 0 (50), 13447 Lassalette. Puente, Cahf 
Muegge, William H (57), 224 E Mam St , Clute, Tex 
Muekech, Edwin A (54), Glenwood, Iowa 
Mueller, Clemens O (44), P O Box 1616, Indianapolis 
6 Ind 

Mueller, Elmer B (57), 1035 Chartres, University Ctt> 
24. Mo 

Mueller Florence (43), 1035 Chartres St, University City 
24, Mo 

MUELLER, JOHN H (47), 4401-7 Ruff's Lane, Robbins 
dale 22, Mmn 

Mueller, John H (SI), 3142 Lindbergh St, Madison 4, 
Wis 

Mueller, John P (49), 1539 Lakeside Lane, St Louis 15, 
Mo 

Mueller, Lawrence H (51), 632 Marquette A\e , Minne 
apohs 2, Mmn 

Mueller, Leo E (56), 3521 Palmetto Ave , Columbia, S C 
MUELLER, NORBERT R (17), Hermiston, Oreg 
Mueller, Reinhold E (55), 1009 Grant St, High Point, 
N C 

Mueller, William H (52), Tom Research Labs, 405 
Merchandise Mart, Chicago 54, III 
Muench, William P (47), 2640 Monroe St, Apt A 1, 
Toledo 6, Ohio 

Muenmeh, Elfnede (53), 1330 J St, Lincoln, Nebr 
Muenzbetg, Paul H (43), 216 Maple HiU Dr, Rte 2, 
Westwood, N J 

Muesmg, Willnm C (47), New Ulm Minn 
Muirhead, Gavin L (57), 2935 Wendoier, Lincoln. Nebr 
Mmrhead, William, Jr (52), 104 Joan Dr, Pittsburgh 9, 
Pa 

Mukerjj Bisbnupada (42), Central Drug Research Insti 
tute, Chatter ^lanzil Palace, Lucknow, India 
Muldoon, Robert T (56), 2206 Second Ave, Scottsbluff, 
Nefar 

Mulhauser, George C (39), 117 S Main St, North 
Syracuse, N Y 

Mulholland, K W (56), 150 Liberty St , Winona, Minn 
Mulkey, Donald L (54) 405 S 7th St San lose, Calif 
Mulke>, H T (56) 2827 Procter St , Port Arthur. Tex 
Mullan, Elizabeth J (56), 20 Prechard St , Fitchburg, 
^fass 

Mullen, Ira A (52), 828 Filmore Ave, Erie. Pa 
Mullen, Lucille E (57), 534 Mam St, Groveland. Mass 
Mullendote, M Gray (46), 2909 Highland A\e , Apt 807, 
Birmingham 5, Ala 

Muller, Tuamta (54), P O Box 783, Gulfport Miss 
NTuller, William C (54) 2105 Farol Pl , Bakersfield Falif 
Mulligan, Marv Ann (53), 205 S 27th St Lincoln Nebr 
Mulligan, R Eramet (47), 3548 Winding Way, St Alban’s. 
Pa 

Mullm, Eugene P (50), 938 C Banta PI . Ridcefield N T 
MuKin Joseph J (45), P O Box 39, Sta B, Brookl>n, 

Mullins, Cecil B (45), 333 College Are Danville Va 
Mullins, Edward D (43), 2161 Girasol Rd , Palm Springs, 
Cahf 

Mullins, Tohn D (55) 79 Elbow Lane, Lansdale Pa 
Muihs Charles W (56), 427 N Second St, JacksomiUe 
Beach, Fla 

)fuIlo\, Charles F (44) 431 Lero\ Buffalo 15 N Y 
MuUer, Richard K (47) Coll of Pharmaci, Waine State 
Unn , Detroit I. Mich 

Miimme Ethilee (54) 1419 Berkshire Dr. Austin 5 Tex 
Afnuch, Graham \V (46). 40 Scranton Are, Lake Bluff, 
Til 

MUNCH TAMES CLYDE (26). 293 Green Ave, Lans 
doune Pa 

Mundt Dons E (53). 302 — 6th St, S IV , PuaaJlup 
Wash 

Munemofi, Kiku'o L (47). 2724 S Orchard Are, Los 
Angeles 7, Cahf 

Mwnns, Thomas V (56). 230 Rochelle St . Pittsburgh 10. 
Pa 

Munoz, Frank N (57), 3714 Alameda Are , El Paso, Tex 


Munroe, Harold W (32), 1303 Glen St , Grandview, Wash 
Munson, Jack C (50), 409 W Park, Urbana. Ill 
Munson. Marj L (52), 865 Sberlm Dr, El Cerrito. Calif 
Munton, E H (54), 1213 W 15th Are, Eugene, Oreg 
Alunaer, Jerome B (52), P O Box 734, Tarzana, Calif 
Munzel, Kurt (57), Ixilchgrundstrasse 8, Rtehen, Basle, 
Switzerland _ , . ,r . 

Muraik, Robert T (52), lOl Clarendon Are, \onkers 2, 
N Y 

Murdy, N G (49), Greenfield, Iowa 
Muren, James F (53), Unirersity Club, Madison 5, Wis 
Murlcr, William C (55), 1 Fairmount Rd , Reading, Mass 
Murov, Jacob J (55). 6922— 174th St, Flushing 65, N Y 
Murpbej, Theodore C (49), P. O* Box 811, Lafayette, 
Cahf 

Murphrec, Dan E (55), V A , Rm 821, Vermont H St , 
N \V , Washington, D C 

Murphy, Frank L (52), 201 Mam St, Huntington 2, 
W Va 

Murphy, George V (47), 415 Battery Are , Apt S E, 
Brooklyn 9, N Y 

MURPHI, HUBERT W (44), 2321 E 69th St, Indian 
apohs 20, Ind 

Murphy, James E (54), 49 Poe St , Hartsdrlc, N Y 
Murphy, James E, Jr (51), 487 Hillman St, New Bed 
ford, ^lass 

Murphy, Jennings (38), 161 W Wisconsin Are, Mtlwau 
kee 3, Wis 

Murph), John A (54), 407 Chestnut St, Latrobe, Pa 
Murphv, John D (52), 148 Maxwell Ave, Syracuse 7, 
N Y 

Murphy, John E (45), 1958 Delaware Ave, Buffalo 16. 

N y 

Murphy, John T (45), Massachusetts Gen Hosp, Boston, 
Mass 

Murphy, Lew me (46), College Hospital, Ames, Iowa 
Murphy, Mary E (56), P O Box 14, Wevertown, N Y 
Murphy, Pat (54), Jewish Hospital, 3208 Burnet A\e, 
Cincinnati 29. Ohio 

Murphy, Paul X (56), 103 Willow Ave , Somerville, Mass 
Murphy, 1st Lt Ralph S , Tr (53), 3560th USAF Hosp , 
iVebb AFB, Spring, Tex 
Murphy, Robert E (56), 2342 W Bullard Fresno. Cahf 
Murphy, Will E (52), P 0 Box 1770, Portland 7. Oreg 
Murray, Darnel H (53), School of Pharmacy, Univ of 
Buffalo Buffalo N Y 

Mun-ay, Edward J , Jr. (52), 323 S 46th St, Philadelphia, 

Murray, Enc R (56), 1211 Beech, Duncan, Okla 
Murray, George E , Jr (54), 727 Grafton Ave , San Fran 
CISCO 21. Cahf 

Murray, H E (57), 350 Mavbank Hwj , Charleston, S C 
Murray, Tames (53), 470 Jefferson Ave , Elizabeth, N J 
Murray, James (53). 1111 Leeland, Houston 2, Tex 

James H (57), 1 Hampton Ct , Port Washington. 

Murray' Tohn (52), Rte^ 4, Sullivan Rd , Baton Rouge, La 
Murray, Minard E (47), 109 E Oklahoma, Guthrie; 6kla 
Murray, Sylvester F. (54), 2495 S Graham St, Milwau 
Kee 7, Wis 

Murray, Thomas V (52), CoopersviIIe, Mich 

W W (55). 2224 North Blvd , Hruston 6, Tev 
591 N ParUa>, Memphis, Tenn 
MurtlaniJ, James M (49), 1120 Highland St, Tarentum, 

Musacchio, Dons (54). 109 E Grand Ase, Rahnav. N T 
Muscante. Elajne J (51), 1405 Boquet, McKeesport 4. Pa 
S 25th St, Arlmeton 6. Va 
Rohert (55), 200 N E Third St, Littie Falls. 

Musick, Albert H (35), School of Pharmacy, Univ of 
T*nn , S74 Union Ave , Memphis 3. Tenn 
Musiello. Andre" (45). 75 Carmen Rd , Scarsdale, N Y 
Muskoff, Daniel H (47). 201 E Liberty. Wooster, Ohio 
Mnskus, Carlos J (55), P. O Box <>93, Caracas, Venezuela, 

Mussmam Domemc A (46), 708 Russell" ood Ate Mr 
Kccs Rocks, Pa * ^ 

Mnsso, Robert A (S3) 414 Jfarie St , New Iberh. La 

^ 2700 Hudson Blvd . Union City. 

Mutch, Richard J ( 52) 120 Lyndhurst Rd . York Pa 

^ Hosp, Grand junction, 

Mnzaffar. Jamal (56), P 0 Box 43, Washington 4 D r 
^ ® Harrison, Sprin^eld, 

Mters Clarence E (57). El! Lilly & Co , Dept M ton vj/i 
S Alabama St . Indianapolis 6, Ind ^ ^ 

Mjers. Dale L (SM, 25 Island Vie" Perryshure Oh.n 
Maers, Hon A (56). Rte 8 Pox 259 A, Columbia Teni 
^*Ohm ^ 282 E Exchange St . Akron 4, 

Mvers, Eirl C (47). 201 Suoenor St, Rossford Ohin 
^T^crs. Ella M (50) 1655 P St , Germe. Nebr 
Myers. Frank M (58). 1625 Clav St. Waco. Tex 
M^ers, George J (47), Daughcrt\ Drug Store, Jeannete 

Myers, George R (53), 1740 — l7th St , Gering. Nebr 
Mvers, George R (49) 1432— 10th ?t , Gcrmg, J^ebr 
M\ers, Gordon E (50) Dept of Bacteriology, TjH.t. 
Alberta, Edmonton, Alberta, Canada 
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J[|ers, Harold (52), 1539 West End Dr, Philadelphia 31, 

Mrers, I Theodore (53), Cherrj Hill Apts, W, Apt 904, 
Merchantville 10, N J a 

Mjers, Ljndon B (52), Mjers Drug Store, Mount Airj, 

Mjers, Orgle E (52), 125 W Locust, Boonvillc, Ind 
Mjers, Richard E (52), 4429 Forest View Ave , Baltimore 

AMjers,'l{ichard L (56), 1807 Shady Crest, Decatur, 111 
Mjers, Robert E (54), 420 N Murphj A\e, Brazil, Ind 
Mjers, William B (47), 405 W Market St, York, Pa . 
Jljers, Zeth C (56), Panguitch, Utah 
Mjerson, Maurice R (47), 2503 Noyes, Evanston, 111 
Mjkvtyn, Shirlej (56), 533 Ridgecrest Rd , Atlanta 7, Ga 
Mjman, Louis (39), 1560-64 Park PI, Brooklyn 13, N Y 
Mjrdal, Michael P (54), 1246 Fifth St N , Fargo N Dak 
Mjrick, Edwin A (47), 943 S Crater Rd , Petersburg, Va 

N 

Nacca Raphael M (48), 310 Esse\ Ave, Bloomlield, N J 
Naden, Lloyd G (57), Franklin, Nebr 
^adler Matthe\\ (56), 53U W 120th St, Los Anteles 44, 
Cahf , , „ 

Naef, Paul A (58), 38 Holls Terr, S. Yonkers, N Y 
Naegle, Louis A (48), 1459 Kearney St, St Helena, 
Calif 

Nae\e, Nancj J (49), 3906 D Lancaster Pike Wilmington 
5. Del 

Nagase, Gene T (54), Hq USARISC, APO 343, San 
1 rancisco, Calif 

Jsagata, Tom K (52), 2513^/- Second A\e, Los Angeles 
18, Cahf 

Nagler, Morns (52) 5967 Doolittle Bhd, Houston 21, 

Tex 

Nags, Frank T (54), 220 Somerset St, New Brunswick, 
N J 

Nahrun Thomas J (57), 128 Center St , Southgate, Ivy 
NAIR S^DtSHIV P (25), Nair Bldg, Lamington Rd . 
Bombaj Iso 4, India 

^a^Ton Reginald G (54), 2517 D Park Lane Court, S, 
Birmingham 9, Ala 

Najarian, George H (52), 831 South St Roshndale 31, 
Mass 

Najarian, Ralph (41) 191 Lnion St Montclair \ J 
Nakahara, William 1 , Jr (53), 1731 Laguna St, San 
Francisco 15, Cahf 

Nakamura, Frank F (38), 15 E 15th St Mar>s\iIIc, 
(.ahf 

Nakamura Mieco (55), 425 Hartford St Apt 106, Los 
Angeles 17 Cahf 

Nakamura Shiro (48) 6078 — 3 Cliome Minami Mochi, 

Nerima Ku, Tokyo Japan 

Nakamuro Kasuke (52), Naiipuso, Kawachi slu, Osaka 
Japan 

Nakanishi Shigeji S (58), 2836 Franklin Blvd Cleveland 

13, Ohio 

Nakashima Joseph (52) P 0 Box 8597 Crenshaw Sta 
tion Los Angeles 8, Cahf 

Nakashima, I\a> (48), 218 Third, E, Sait Lake Cit> 2, 
Utah 

Nakashima, Setsuko (S3), 1225V2 S Beren i > St, Los 
Angeles Cahf 

Nakashima, \ukio (49), 1223^/2 Brendo St I os Angeles, 
Cahf 

Nalducci, Walter J (53), 14 Journal Square 7crse\ Citj, 

Nance John S , Jr (55), 1426 Plaza, Charlotte N C 
Napierski, Florence V (57), 216 Countj A\c Sccaucus, 
N J 

Nan, Philip (45), 28/35 Ras Al-Qarja, Rashid St, 
Baghdad Iraq 

Nariman, George (52), 43 Avon Circle, Needham Heights 
94, Alass 

Nasatir, Julius (56), 613 E Mariposa, Santa Maria Cahf 
Nash, J Frank (55), 6315 Burlington, Indianapolis 20, 
Ind 

Nash, Morton (55), 215 28 Murdock Aac, QiKcns Village 
29, N Y 

Nash, Robert A (55), Merck, Sharp &. Dohme, Dept 529. 
West Point, Pa 

Nash Robert F (48) , 1 319 Gro\ e Wav, Concord, Cahf 
Nashed, Wilson (53) North Brunswick Garden Apts, Apt 
B 42, New Brunswick N J 

Nassberg, Lawrence (57), 71 Welton St, New Brunsaaick, 
N J 

Nassif, Edward B (S3), 66 Holbrook St, North Adams, 
Mass 

Nastase, Morns F (47), 762 Delaware St , Paulsboro N J 
Natkm, Cyril (53), 1326 Brummel St Evanston III 
Natzke, John N (48), 317 E Cleveland St, Porterville, 
Cahf 

Nautel, Jo>ce (56), 320 Clinton Ave , Albanj 10, N Y 
Nawrocki Theodore (46), 1001 Nicholas Ave, Union N T 
Na>lor, Patricia D (56) 19 Wright PI, Scarsdale N Y 
Najlor, Penn F (43), 5082 Buckingham Detroit 24 lilich 
Navman, Burton D (46), 1105 Oregon A\e, Tarentum. 
Pa 

Neal, Browning A (43), 2202 Mam St (Apt 3), BuflFilo 

14, N Y 

Neal, Clark (56), Mam St, Cljmer, Pa 


Neal, Jule C (57), 109 Oakv\ood Rd , Rome, Ga 
Neal, Margaret V (55), 1108 E 49th St, Richmond 24 
Va *■ * 

Neal, Otis W (56). Rte 6 Box 259 A, Tacoma, Wash 
Neale, John H (56), Cor Third St &. Da\is Ave, Elkins 
W Va ’ 

Ncar>, William H (47), 915 Jackson St, Sioux Citj, 
Iowa 

Ncbel, Bernard (57), 3664 E 154th St , Cleveland 20, Ohio 
Needham, George H (57), 10402 Mattock Ave, Doiinej, 
Cahf 

Needham, William F (57), 208 N Mam St, Tajlor, Tex 
Needle, J Casey (57), 1694 Third Ave, New \ork 28, 
N Y 

Ncedleman, Alvin D (54), 8650 Boulevard, E, North 
Bergen, N J 

Neef, Herbert P (49), 10707 Ave H, Chicago 17, 111 
Neeley, A LeRoy (47), 2833 Dearborn, Salt Lake Citj, 
Utah 

Neely George L, Jr (55), 111 Birchwood Knoll, Trenton 
8, N J 

Neely, Tom, Ji (48), 2391 Knollwood Terr, Decatur, Ga 
Neflf, Carroll F (52), 1103 Keeler Ave, Berkelej 8 Cahf 
NciT, Harry (50), 9th &. Race St , Philadelphia 7, Pa 
Neff, James F (40), 7445^/2 Broadway, Kansas Cit> 5, 
Mo 

Neff, Jerome (57), 7445 Brockton, Philadelphia, Pa 
Neff Lloyd L (44), 12th and McGee Sts, Kansas City, 
Mo 

Neggo, Use A (53), 11514 Calvert St, North Hollywood 
Cahf 

Negrete, Pete (46), 2544 W Fifth St, Los Angeles 5, 
Calif 

Neliam, Harold (46), 1048 President St , Brooklyn 25, 
N Y 

Nehlsen, Edward A , Jr (47), 1306 Grant, Ypsilanti, Mich 
Nehring, Fred W (51), 6926 Jamieson Ave, St Louis 9, 
Mo 

Nelinng, Oscar S (47), 3100 N Grand Blvd, St Louis 
7, Mo 

Neidcr, Bernard C (52), 299 N Morrow St, Blairsville 
Pa 

Neidcrs, Velta (55), 1650 Neil Ave, Columbus, Ohio 
Neullmgcr, Lee M (52), USPHS Hosp , P 0 Box 
2000, Lexington, Ky 

Nciffer, Leo R (56), 3705 Stower, Miles City, Mont 
Ncighoff, W Edward (55), 803 W 35th St, Baltimore 
11, Md 

Neiman, Philip (57), 3445 E Meadowbrook Ave, Phoenix, 
Ariz 

Ncimcth, Edith K (55), 2001— 17th St, N, St Peters 
burg, ria , 

Neimeth, Edward (30), National Magnesia Co, Inc, 83ra 
St & Cooper Ave , Brooklyn 27, NY ^ 

Neimeth, Richard (55), 33 Willowbrook Lane, Freeport, 
L I . N Y 

Ncis, Arnold H (53), 1225 Ocean Pkwy, Brookljn 30, 
N Y 

Neithng, Stanley J (47), 3624 S E Carlton, Portland 2, 

^ . 

Nclden Frank H (53), 71 Radnor Circle, Grosse Ponite 
30, Mich _ , 

Nclden, Ralph (53), 726— llth Ave, Salt Lake City 3, 
Utah 

Neligan, Harold F (46), P O Box 6158, Bridgeport 6 
Conn 

Nellas, Spiro (55), 1803 — 6th Ave, Beaver Falls, Pa 
Nellett, Gordon L (55), 211 S Dowitt St, Bay Citj, 
Mich . ,, 

Nelms, Shirley L (56), 1674 Osceola St, Jacksonville, 
Fla , , 

Nelsen, R C (46), 2425 S W Richardson St, Portland 
Dreg ^ 

Nelson, Alton A (57), 2740 N Adams, Odessa. Tex 
Nelson, C E (S3), P O Box 277, Los Altos, Calif 
Nelson, Carl E, Sr (26), 5635 Calumet Ave, Hammond 
Ind _ , 

Nelson. Carl E, Jr (50), 1329 N Warman Ave, Indian 
apoUs, Ind 

Nelson, Carney (55), Platte, S Dak _ , , 

Nelson, David E (52), 647 E Workman, Co'ina Cain 
Nelson Donald C (56), 20962 Haviland Ave, Hajward 
C^alif -r 

Nelson, Donald K (55), Cunningham Drug, Lansing 
Nelson, Emo (47), Coll of Pharmacy, Univ of California, 
San Francisco 22, (Talif ^ , , 

Nelson, Frank R (57) 102 W ISth St, Chico, Calit 
Nelson, George W (47), 1508 Knapp St, Menomonic ^ 
Nelson, Gerald B (57), 147 W Jackson St, Shelbjvilic 

Nelson, Harold C54) P O Box 284, State ColIeRe, Ark 
Nelson. Harold R (51), 2426 Walnut St East Gan Ind 
Nelson Harry A (42), Louise Rd , Mounted Rte ^ ' 
Pittsburgh 2, Pa , . yr i ^,,lrc 

Nelson Henry A (57), 5026 N Shorebnd Ave, Milwau 

Nelson, Homer T (56) 211 S 6th St, Brownfield, Tex 
Nelson, Howard (53) 2421 Graham St. Seattle 8 vva 
Nelson, Howard B (39) 502 Robinson Ct , Alexandria 
Nelson, Jim W (53), 1630 E College St, 

Nelson. John W (43). Coll of Pharmacy, Ohio btaxc 
Univ , Columbus, Ohio . tt « w C 

Nelson, Joyce E (53), P O Box 871, Chapel Hill. ^ 
Nelson, Knute M (46), 1505 Tower Ave , Superior, \vis 
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Nelson, Lewis (49), 1900 Alfresco PI, Louisville, Ky 
Nelson, Llo>d E (52), Alabama Drug Co, 802 Bank St, 
Decatur, Ala _ 

Nelson, M Elizabeth (46), 4235 McLeod A\c , N E , 
Minneapolis 21, Minn 

Nelson, Martin C (47), 153 Park Ave , West Caldwell, 
N J 

Nelson, Meredith L (54), 333 Simoms St , Ste\ens Point, 
Wis 

Nelson, Mildred L (56), Rte 1, Le Roy, Mich 
Nelson, Nora V (51), o29 Morris St, Renton, Wash 
Nelson, Richard S (56), 6554 N 3Sth St , Omaha 11, Nebr 
Nelson, Robert C (57), 121— 20th St , S E , Pans, Tex 
Nelson, Ronald W (54), 2933 N Rutherford, Chicago 34, 
111 

Nelson, Willard K (49), 8601 S Ashland A\e, Chicago 
20, 111 

Nelson, William D (43), 2025 W Broadwaj, Minneapolis, 

Nelson, William R (55), 2308 Sahler St , Omaha 11, Nebr 
Nemec, Richard (57), 2624 Leavenworth St, Omaha, Nebr 
Nemerow, Martin W (53), U S P H S Hosp , Staten 
Island ‘L N Y 

NENINGER, FRED M (16), 153 Montague St, Brook 
lyn 2, N Y 

Nersesian, Ara (55), 63 12 Bourton St, Rego Park 74, 
LI, NY ^ ^ 

Nesbit Charles H (57), 1646 Second St, N, Fargo, 
N Dak 

Ness, Donald J (56), Rte 5, Greenwood Circle, Boise, 
Idaho 

Nessing, Pierre A (53), P O Box 206, Florissant, Mo 
Nessman, Lawrence (52), 1840 — 52nd St , Brooklyn 4, 
N Y 

Nestampower, Morns (52), 44 66 — 21st St, Long Island 
City 1, N Y 

Nestico, Michael A (54), 1095 Ringwood A\e, Haskell, 
N J 

Nesting, Charles S , Jr (53), 3500 Hulman, Terre Haute, 
Ind 

Nestor, William (50), 1070 S W 63rd Ave , iliami 44, 
Fla 

Nettina, Carmen E (56), 124 Wright Ave , Buffalo la, 
N Y 

NETZ, CHARLES V (19). Coll of Pharmacy, Umv of 
Minnesota, Minneapolis, Minn 
Netz, Howard E (57), 7070 Alan Dr, Den\er 21, Colo 
Neuberger, Donald A (53), 80 Harrison Ave, Apt 2, 
Sansahto Calif . ... 

Neufeld, Elizabeth K (38), 845— 18th Ave, Apt I, 
Moline, III ^ ^ 

Neuger, Joseph M (47), 1502 Coventry Rd , Apt 12, 
Cleveland 18, Ohio 

Neuman, Edwin (55), 2264 Genesee St, Buffalo 11, N Y 
Neumann, Edmund C (47), 2352 W Fond Du Lac Ave, 
Milwaukee 6, Wis 

Neumann, Herbert L (55), IS S Broadway, Aurora, 111 
Neumann, John H (47), 164 Rosedale, Aurora, III 
Neumann, John H (42), Lewiston, Minn 
Neumann, Richard (55), 93 Hathaway Ave, Deal, N J 
Neupert, George R (47), 602 W University Ave , Urbana, 

Neuroth, Milton L (45), Sch of Pharmacy, ^led Coll 
of Virginia, Richmond 19, Va 
Neuss, Jacob D (52), Merck 8. Co , Inc , Rahwaj, N J 
Neuvirth Clarence L (56), 2654 Lisbon Rd , Cleveland 
14, Ohio 

Neuwald, Fritz (56), Brammer uber Notorf, Holstein, 
(Germany 

Nevel, Charles W (57), 17301 Milburn Ave, Cleveland 
11, Ohio 

Neveu, Marj (42), 365— 41st St, Oakland Cahf 
Neville, William R, Jr (25), 1710 W 6th St, Austin 3, 
Tex 

NEVIN, THOMAS (12), 1360 Midland Ave, Bronxville 
8, N Y 

Nevler, Sidnej E (56), Westboro State Hosp, Westboro 
Mass 

Newberry, Eugene R (56), 506 N Jackson St, Danville, 
111 

Newberrj, M J (45), City Drug Store, Andalusia Ala 
Newberrj, ^Illton O (58), P O Box 909, Andalusia, Ala 
Newbur>, Stanlej (54), P O Box 305, Baker, Mont 
Newcomb E Allen (49), 10 Edgemont Rd , Montclair, 
N J 

Newcomb, Jack (57), 815 Nichols Rd , Kalamazoo 

^Iich 

Newcomb, James C (48), 115 ^IcClellan Dr, Pittsburgh 
36. Pa 

Newcomb, L T (50), Main St, North Libcrt>, Ind 
Newcomb Robert (56), 7416 Aldrich Ave , S , Minne 
apohs, Mmn 

Newcombe, Louise S (52), 8622 Talton Dr, Houston, Tex 
Newcombe, Quentin, Jr (52), P O Box 106, San Juan, 
Tex 

Newcome, Frederick E (55), P O Box 277, Cameron, 
W Va 

Newficld, Trvmg J (57), 35 11 — 85th St, Jackson Heights 
72 N Y 

New field, Stephen (49), 35 11 — 85th St, Jackson Heights 
72 N Y J t. 

Ncwhall, Bertram A (51), Jewish Hospital, 236 E 
Kentuckv Louisville, Kj 

Newhart, Claude J (50), 241 Roberts Ave, Glenside, Pa 
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Wis , , 

Oranskj, Herman (52), 1739 Hamilton Ave , Trenton, N J 
Orchen, Mehin (iO), P O Box 34703, Los Angeles 34, 
Calif _ 

Oreggia, Sabina S (58) P O Box 183, Gonzales, Cahf 
O’Reilb, Whlliam J (55), 2 Central St, Foxboro Mass 
Orelhna, Anna Maj (51), 611 N W^ 34th Dr, Gamsville, 
Fla 

Orenstein, Leo L (48), 103 S Ardmore A\e, Los Angeles 
4, Cahf 

Orf, Robert (53), 1201 E McCartj, Jefferson Citj, Mo 
Onhel, Fannj (54) 8 Haddon Ave, W'estmont 7, N J 
Orlando, Vlbert P (56), 338 Lakqview Ave, Drexel Hill, 
Pa 

Orlansk> Herbert D (52), 5604 Fifth A\e, Apt 100, 
Pittsburgh 32, Pa 

Orleanski Edmund B (50), 361 Broadwa> Bajonne, N J 
Oilin Ahin (o3), 750 Aew Lots A^e, Brooklyn 7, N Y 
Orlowski Stanley C (51), 353 Lyceum Ave, Philadelphia 
28 Pa 

Orlowski Zosia D (51), 353 Lyceum Ave Philadelphia 
28, Pa 

Ormsb\ Thomas (54) Bolton Landing, N Y 
Orner, Leonard (43), Lakeshore Dr , Oakland N J 
Orohn, Joseph (55), 312 W^ordsworth, Ferndale 20 Mich 
Orr Jack E (45), School of Pharmacj, Lni\ of Wash, 
Seattle 5, Wash 

Orr Philip E, Jr (51), 3417 Whlbarger, Fort W^orth 5, 
Tex 

Orsa> E Paul (57), 417 Rosehill PI Elizabeth N T 
Ort Lawrence (53), 53 18 — 37th Rd , Woodside, L I, 
N Y 

Ortenzi Leonard M (56), 816 Englewood Ave, Kenmore 

23, N Y 

Orth, Mario A (51), 544^/2 Balcom St, Eau Claire W^is 
Ortmann, W'erner (57) 403 Locust St , Columbia, Pa 
Ortolano Alfred B (52), 83 Norton St , Dorchester, Mass 
Orj, Leah A (33), 1848V2 Glendale, Baton Rouge, La 
Os D \an (47), Groote Rozenstraat 17, Groningen, 
Netherlands 

Osborn, E\crt (52) 800 W Ganson St, Jackson, Mich 
Osborn, Kathleen A (52), 618 Northwest A\e, Jackson, 
Mich 

Osborn, Mehin C (48), 217 N Second, Le Sueur, Minn 
Osborn Robert A, Jr (56), 3611 N Powhatan St, Falls 
Church Va 

Osborn, W’llham E (55), 2918 Mam, Joplin, Mo 
Osborne, Fred L (52), 715 W^heatlev Rd , Ashland Ky 
0«:borne, George E (51) Coll of Pharmacy Univ of 
Rhode Island Kingston R I 

Osborne, T Ellsworth (53), 2700 Edwards A\e, Bakers 
field, Cahf 

Oscar, Stephen \V (48), Hopkins Clinic, Inc, 8017 Tones 
Rd , Cle\ eland 5, Ohio 
Oschwald Ra^ J (47), Donaldsonville, La 
Oce Harr^ T (50). 12248 LaSalle St, Chicago 28, III 
0’Shaiighnesse\, Bernard E (51), Campus Pbarmacj, Inc. 

1809 E 10th St , Bloomington, Ind 
0’Shaughne':‘5>, Ra>mond (57), 2027 Sherman, Peoria, 

Osheroff, Boris J (57), Nat’I Institutes of Health, CC 
Bethesda 14, Sid 

Oshier, Leonard L (51), 1920 Ohio Ave Anderson Tnd 
Oshiro, Ken T (55), 2009 Bachelot St, Honolulu 17, 
Hawaii 

Oshiro, Kenei (35), 2009 Bachelot St , Honolulu, Hawaii 
Oshita, Ben (48), 1024 Blame A\e, Salt Lake Citj 5, Utah 
Osiecki. W^alter (53), 34 Francis St, Everett, ^fass 
0«ki, Richard (53), 431 S 49th St , Philadelohia 43, Pa 
Oslica Steve (51), 10130 Coburg Lands Dr, St Louis 
15 Mo 

O^ofTska, Samuel (49). 2910 Beaumont Rd , Louisville Kv 
Osofskv, Jeanette B (34), 609 Palisade Rd Elizabeth, N J 
Osol Arthur (29), 43rd St & Kingsessmg Ave, Phila 
delphia 4, Pa 

0«owick, Julius J (57), 361 New Scotland Ave, Albany. 
N Y 


Osowski, Helene (55), 4650 E 90th, Garfield Heights 25 
Ohio ’ 

Ossar, Earl (49), 402 Long Lane, Upper Darb>, Pa 
Ossi, George (56), 1725 Greenndge Rd , Jacksoniille. Fh 
Osterloh, Roy (52), P O Box 79, Orange Grove, Tex 
Ostermeier, Vernon C (47), 1317 Lafa>ette, Mattoon, 111 
Osterweil, Jacob (37), 16 Elliot PI , Bronx, N Y 
Ostler, Richard (52), 246 Roosevelt, Pocatello, Idaho 
Ostlund, Mary D (56), P O Box 647, Bozeman, Mont 
Ostrom, David G (55), 1580 — 20th Ave, Kingsburg, Calif 
Ostrom, Everett S (55), 2132 — 18th Ave, Kingsburg, 
Cahf 

Ostrow, George (55), 11 Shoreview Dr, Yonkers, N Y 
Ostrow, Jacob (48), 7020 N Broad St, Apt C 6, Phila 
delphia 26, Pa 

Ostiow, Lawrence (51), 2610 University Ave, Bronx 68. 
N Y 

Ostrowski, Irene J (45), 822 W Cuvier Ave, Chicago 
13, 111 

Oswald, Gilbert H (55), 575 H St , Idaho Falls, Idaho 
Otchet, Melvin (55), 2849 W 33rd St , Brooklyn 24, N I 
Ott, Ariel A (48), 1203 La Rue, Houston 19, Tex 
Ott, Arthur T (46), 24 Young St, Tonawanda, N Y 
Ott, David E (47), 173 Cline Ave, Mansfield, Ohio 
Ott, Jason (44), 4502 Lewis Ave, Toledo, Ohio 
Otte, Patricia S (54), 8910 Sepulveda Eastway, Apt 3, 
Los Angeles 45, Cahf 

Ottersen, Harry J, Jr (56), 6416 — 32nd Ave, N W, 
Seattle 7, Wash 

Otto, Fern C (50), 732 N. Harvard Blvd , Los Angeles 
29, Cahf 

Otto, William E (49), 3014 Clearview, St Louis 21, Mo 
Ouellette, Philip A (57), 241 W Scott Ave, Rahwaj, 
N J 

Oumaye, Cohn Y (46), 1115 Hassinger St, Honolulu 
Hawaii 

Ourso, Corbett L (47), P O Box 1012, Shreveport, La 
Outman, Rea W (S3), Westfield, Pa 
Overbye, D Alviron (47), 42 Midland Ave, Hillsdale, 
N J 

Overstreet, Donald H (52), Guyton, Ga 
Overstreet, George T (21), 811 S Francis St, Terrell 
Tex 

Overton, Don L (56), 121 E Churchwell Ave, Knoxville 
17, Tenn 

Overton, Samuel R (56), 3819 N 16th St, Philadelphia 
40, Pa 

Oviatt, Frank E (53), 210 W Franklin St, Otsego, Mich 
Owen, Carl E (46), 229 W Mam, Richmond, Ind 
Owen, Charles H (49), 60 Main St , Milo, Maine 
Owen, John E (57), 2516 E Northgate, Indianapolis 20, 

Owen, Robert W (52), Pme St, Batesburg, S C 
(Owens, Charles W (52), 52 Beech St, Massena, N Y 
C)wens, Marilyn (53), P O Box 8, Fruita, Colo 
Owens, Travis L (54), 5202 Andover PI, Austin, Tex 
Owens, Wesley D (55). 2700 Park St , Tacksonville, Fla 
Owning, Lee A (54), Rte 1, Box 490, Stockton 5, Cahf 
Owsley, Donald S (53), 600 E 24th St, Hialeah, Fla ^ 
(jwyang, Erie (48), 2059 — 22nd Ave, San Francisco 8, 
Cahf 

Oxley, Fred V (48), P 0 Box 3, Freenort, III 
Oxnam. James W (51), 415 — 10th St, La Salle, 111 
Oyer, Frederick A , Jr (52), 522 Melody Lane, Glenside, 
Pa 

Oyler, Ernest N (57), 261 Frederick St, Hanover, Pi 
Ozick William (47), 3287 Westchester Ave, Bronx 61, 
N Y 


Paberzs, Vera (57), 541 Prospect, N E , Grand Rapids 
Mich 

Pabich, Henry T (55), 226 Cook St, Lake Geneva, \^is 
Pabst, Garvin L (55), 34 S 88th St, Belleville, 111 
Pace, Harrv W (49). 731-33— 8th Ave, Palmetto, Fla 
Pace, tack W (50), 808 — I7th Ave , Palmetto, Fla 
Pace Joseph B (56), P O Box 2261, Spartanburg, S t 
Pacella Philip P (52), 17 Louise St Canton. Mass 
Pacholok, Anna J (48), 19433 Mitchell, Detroit 
Pachter Pfe Trwin M (56), llth Field Hosp , APO 17o 
New York, NY ^ , u, 

Pachuta, Michael (47L 151 S Oak St, Mount Carmel, 
Pacini, August T (53) 601 N E 81st St, Miami 38 Ma 
Pack, Milton (56), 8551 Mansfield Ave, Philadelphia 
Pa 

Pack. Rhoda S (54) 81 Goodwin Ave, Newark 8. N T 
Parker, Emmett E (47), 2801 Penbrook Ave, Harrisburg. 
Pa 

Packet, Peter (49), 213 Cedar St, EJberon, ^ 

Packman, Albert (50), 433 Hoffman St , Philadelphia . 
T^a 

Parkimn, Elns W (SO), 5724 Wynnefield Ave, 

delphia 31 Pa o xf h 

Paczynski, Richard (55). 12296 Gallagher Detroit 
Paderick, Lt Hal C (53), Staff, COMEASTSEAFRUiN. 

90 Church St . New York 7 N Y r , r fv 

Padfield, Max (52), 2291 Cobblecrest Rd , Salt Lake 
Utah o A 

Padgett Howard S (55), 34 Cincinnati Ave, St Aug 
tine, Fla 
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Padgett, Hughel P (52), McPherson Hosp , 1110 W Mam 
St , Durham, N C „ « 

Padilla, Carmen E (55), 470 Pachm Mann St , Halo Kej, 
P R 

Padlon, Joseph V (56), 27 Broad\ie\\ Ave , Bcllport N Y 
Padrow, Mathew M (52), 3701 N E l^remont, Portland 
13, Oreg 

Padwa, Oscar (46), 10911 Windham Dr, Parma. Ohio 
Pagan, del Toro, Rafael (56), P O Box 623, Street A No 
63, Ponce, PR a, , - , 

Pagano, George A (50), 448 Glendale Circle, Springfield, 
Pa 

Page, CaUm (52), 620 E Third St, Plainfield, N J 
Page, Clifford A (56), 201 E Council Trail, Alt Prospect, 

Page, Harold G (55), 34 E High St , Palnijra, Pa 
Page, James J (49), Standish, Alich . ^ ^ 

Page, Robert C (55), 1824 Pratt St. Apt A, Dallas. Tex 
Pagha, George, Jr (48), 131 Prospect St . Newark N J 
Pagnini, Anita j (52), 2242 Myra, Jacksonville, Ha 
Paholskj, Ernest (55), 534 Station St, Bndgeville, Pa 
Paige, Jack (51), 3233 N E 32nd Ave , Portland 12, Oreg 
Paikoff, Alyron (53), 23 B 2 B Old Hickory Dr, Albany, 
N y 

PAINTER, COL JOHN V (39), Office of the Surgeon— 
AICD, Hq Air Alatenal Command, Wright Patterson 
APB, Ohio , ^ 

Painter, Rosemary S (47), 5530 Fifth A\e , Pittsburgh 32, 
Pa 

Pais, Isaac (49), 506 Market St , Chester, Pa 
Paisley. Ellwood S (27), 933 E Durham St Philadelphia 
19, Pa 

Pake, Charles E (51), 2658 Kingston, Cleveland 18, Ohio 
Palanjian, Diran K (55), Delchamps Drug Store, Mobile, 
Ala 

Palans, Sanford (51), 6305 Cabanne, St Louis 5, Mo 
Paiavos, George P (53), 501 Goettingen St , San Francisco 
24, Calif 

Palazzolo Francis A (55), 112 Wolcott Hill Rd , Wethers 
field, Conn . ^ 

Palchak, Robert J (46), 728 Schad St , North Tonawanda, 
NY « . . 

Palermo, Blaze T (57), Merck & Co, Inc, Rahway, N J 
Paiey, Edward (39), 14128 Superior Rd , Cleveland 18, 
Ohio 

Palladino, Anthony L (52), 34 48 — 76th St , Jackson 
Heights 72, N Y 

Pallone, Leslie F (56), 60S Beaver Rd , Leetsdale, Pa 
Palm, Jack E (48), 89 Bockman Rd , San Lorenzo, Calif 
Palm, Ronald L (o4), 122 Bepler St , Daly City 25, Calif 
Palma, Domimc (55), 339 — 21st St , Brooklyn 15, N Y 
Palmer, George R (55), 1453 W Twain, Fresno, Caltf 
Palmer, Henry A (55), 188 Delaware Ave, Albany 9, 
N Y 

Palmer, Russell H (43), 470 Hamilton Blvd , Mornsville, 
Pa 

Palmer, Thelma M (44), Danbury Hosp, 95 Locust Ave, 
Danbury, Conn 

Palmen, Robert A (54), 397 Cedar St, New Bedford, 
Mass 

Palmenno, Alfred A (52), 35 Richardson St, Wakefield, 
Alass 

Palmgren, James S (48), 534 Sheridan Rd , Apt 3A, 
Evanston, 111 

Palmore, James L (51), 129 S Granville Blvd , Fremont, 
Ohio 

Palmtag, Raymond K (47), 611 Brewington Ave, Watson 
ville, Calif 

Palumbo, Adolph V (39), 5 Ambar PI , Bernardsville. 
N J 

Pan, Shih Yi (51), Pfizer Therapeutic Inst , 199 Maywood 
Ave , Maywood, N J 

Pandolfo, Frank J (56), 725 Broadway, Somerville 44, 
Mass 

Pandolfo, Alario A (56), 6121 AlcPherson Ave, St Louis 
12, Mo 

Pankau, Ronild J (55), 7952 Waukegan Rd , Niles 31, III 
Panko, Charles S (56), 33 Clifford St, Carteret, N J 
Pankowitz, Dennis (56), 142 35 — 84th Dr, Bnarwood 35, 
N Y 

Panone, Roger L (49), 346 N Division, Buffalo 4, N Y 
Pansing, Richard (56), 2945 Jonrose Ave, Apt 2, Cm 
cmnati 39 Ohio 

Pansini, Jack J (S3), 344 N Fourth St, Allentown, Pa 
Panton, James H (37), Winthrop-Stearns Co Inc, 33 
Riverside Dr , Rensselaer N Y 
Panuse, Louts (48), 2329 N Edgemont, Los Angeles 27, 
Calif 

Paolino, Gloria A (52), 572 Broadway, Providence 9, R I 
Paolone, Nicholas A (53), 707 Neal St , New Castle Pa 
Paoloni, Claude U (48), Moses H Cone Memorial Hosp, 
Pharmacy, 1200 N Elm St , Greensboro, N C 
Papa, Albert (58), 726 Nottingham, San Antonio 9 Tex 
Papa, Christopher M (49), 2047 E 3Sth St, Brooklyn 
34, N Y 

Pipa Salvatore, Jr (55), 16 Stigg St , Brooklyn 6, N Y 
Papadiki, Stella N (56), 6 Asklepiou, Athens, Greece 
Papadopoulos, Constantine (47), 45 Hillside Terr, Lu 
ingston, N J 

Papinn Philip A (53) 8611 Quincy, Detroit 4 Mich 


Papariello (jerald J (52), 636 Howard PI , Madison Wis 
^appas C B (51L 40 11 — 2" - - - - . . _ 

N Y 


—23rd St , Long Island City I, 
Pappas, Dean (52), 607 Flatbush Ave , Brooklyn 25, N Y 


Pappas, Gus N (56), Clear Lake, Iowa 
Paradiso, Hugo J (48), 54 Lois Ave, Clifton, N J 
Faramore, Rex A (50), Ward Drug Co , Nashville, N C 
Parducci, Lawrence R (55), 16U1 Columbus Dr, East 
Chicago, Ind 

Paredes, Marco L (53), Tegucigalpa, D C, Honduras, 
C A 

Pareja, Bertha (46), Ocharar 421 Miraflores Lima, Peru 
Parent, Edmund F (5o), 608 Essex St, Lynn Mass 
Parent, Richard A (50), 462 Church St Bisnop, Calif 
Parent Willie 1 (44), 508 Mam St, Madawaska, Maine 
Parentini, Adolph R (43), 4300 Palisade Ave, Union 
City, N J 

Parentini, Robert L (47), 604 Paterson Park Rd , Union 
City, N J 

Panllo, Fred R (49), 131 Mohawk Ave , Scotia 2, N \ 
Parish, Gerald E (51), 1250 N Rmgold, Janesville, W is 
Parisi, Nicholas A (54), 143 Stevens Ave, Jersey City 5, 
N J 

Park, Carol A (53), 60th Field Hosp , Fort Lewis Wash 
Park, Chyull Woong (56), Clio Sun Univ , Kwangju, 
Cholla, Korea 

Park, Floyd S (45), 1801 Montclair St, Flint 3, Mich 
Parke, Hervey C (47), Parke, Davis K Co, Detroit 32, 
Mich 

Parker, Alfred D, Jr (54), 1301 N Chestnut St, Lum 
berton, N C _ 

Parker, Arthur H (56) 2015 Chamberlain Ave, Chatta 
nooga 4, Tenn 

Parker, Edward C (47), 306 Hiawatha, Ypsilanti, Mich 
Parker, Howard E (42), Willmore Dr, Bryan, Ohio 
Parker, Joel T (54), P 0 Box 265, Sunflower, Miss 
Parker, Paul F (50), 2215 Constitution Ave, N W, 
Washington 7, D C 

Parker, Rexford (46), Second & Market Sts, Maysville, 
Ky 

Parker, Samuel T, Jr (56), 1355 W Deerfield Rd , 
Deerfield, 111 

Parker, William G (48), 3291 E 3900, S , Salt Lake City, 
Utah 

Parkins, James F (56), 1008 N 7th St, Bismark, N Dak 
Parkins Richard D (49), 1225 College, Boulder, Colo 
Parks, George E (o7), 206 S Mam St, Anna, HI 
Parks, Joseph S (51), 2117 S Westchester Blvd, West 
Chester, 111 

Parks Lloyd M (44), Coll of Pharmacy, Ohio State 
Umv , Columbus 10, Ohio 

Parks, Robert E (57), 50 S Fifth St , Park Ridge, N J 
Parma, Benjamin G (56), John Sealy Hosp, Pharmacy, 
Galveston, Tex 

Parmelec, Harold L, Jr (53), 522 S Forklandmg Rd , 
Maple Shade, N J 

Parmenter, Donald L (51), 600 E Jefferson, Evansville, 
Ind 

Parodi. John (54), P O Box 875, Ely, Nev 
Parr, William (39), 1515 Grand Central Ave, Tampa, Fla 
Parnne, John J (49), 3032 Stanley Dr, Pasadena 10, 
Calif 

Parrmo, Maria G (50), 2517 Nashville Ave, New Orleans, 
La 

Parrish, Donald R (55), 2 — 8th St , Greer, S C 
Parrish Preston L, Jr (55), 4712 Monument Ave, Rich 
mond 26, Va 

Parrott, Eugene L (47), Coll of Pharmacy, Univ of 
Nebraska, Lincoln 8, Nebr 

Parshall, Delphine M (55), 2015 Isabella, Midland, Mich 
Parsons, Charles W (43), 233 S Kenmore Ave, Los 
Angeles 4, Calif 

Parsons, Gerald E (50), 99 Tuscarora Rd , Buffalo 20, 
N Y 

Parsons, Leavitt C (55), 376 Boylston St, Boston 16, 
Mass 

Parsons, M Allen, Jr (51), 1235 N Alabama, Indian 
apolis, Ind 

Partaraian Harold R (56), 176 Wilmington Ave, Dor 
Chester 24, Mass 

Parton, Leonard (55), 8109 Forrest Ave, Philadelphia 50, 
Pa 

Partridge, James O (52), 421 South St, Owatonna. Mmn 
Partridge William D (56), P O Box 338, Morton, Wash 
Pascal David (57). 738 N Clark St. Chicago III 
Paschal, Vail, Jr (54), 304 S Patterson St, Hot Springs, 
Ark 

Pasemto, Emo A (55), 8 Ivaloo St, Somerville 43, Mass 
Pascoe Muriel J (55), P O Box 551, Tooele, Utah 
Pasersky, Robert (54), 521 W Mahonoy Ave, Mahanoy 
City, Pa 

Paskil, Harry 1^1 (52), 222 S Roscommon Ave , Los 

Angeles 22, Calif 

Paslav, Kenneth W (55) 4208 W 29th St, Topeka, Kans 
Pa^mmvitz, Ronald H (55), 2284 E 21st St, Brooklyn, 

Pasquale Daniel M (52), 47 Mt Pleasant Pkvvv , Living 
ston, N J 

Pisqualone Dante (43), 58 Ellerton Rd , Quincy, Mass 
Pasqumo, Thomas S (56), 99 Sanford St, Brooklyn 5, 
N Y 

Pass jMeyer A (46), 112 Pine St, South Plainfield, N J 
P-i^seri, Anthony R (50), 213 Beaver Ave . West Aliqmppa, 

Pass, Sheldon (52), 32 Corbin PI, Brooklyn 35 N Y 
Passo Cliarles H (55), 2233 S Meridian St, Indianapolis 
25. Ind 
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add 9 ml. of absolute etlnd alcohol and 0.3 ml, of 
triethylamine, and make to volume with chloroform. 

(2) Chromatographic Column. — The column is 
made of a 25 X 200 ml. test tube to the bottom of 
which is attached an approximately 5 cm. length of 
6-8 mm. tubing. The tamping rod consists of a 
disk of stainless steel, aluminum, or glass, with a 
diameter 1 mm. less than that of the column, at- 
tached to a rod 12 to 18 inches long. Pack fine 
glass wool in the base of the column to act as a sup- 
port. 

To 2.0 Gm. of Celite 545 (Johns-Manville Corp.) 
in a mortar add 2.0 ml. of approximately 1 N 
NaHCOj and incorporate thoroughly by kneading 
with a flexible spatula blade. Transfer to column 
and tamp, using gentle pressure, to compress the 
material to a uniform mass. This constitutes col- 
umn A. In a like manner, mix 1.0 Gm. of Celite 
with 0.5 ml. of concentrated NH4OH, and pack in 
a second column. Above this place a mixture of 
2.0 Gm. of Celite with 2.0 ml. of 4 77 H 2 SO 4 , followed 
by 2.0 Gm. of Celite mixed with 2.0 ml. ol 1 N 
tartaric acid. This constitutes column B, used for 
APC-organic base combinations. For APC-bar- 
biturate combinations, column C is prepared with 
a lower segment composed of 2.0 Gm. of Celite with 
2.0 ml. ol 4 N H 2 SO 4 and the upper segment con- 
taining 2.0 Gm. of Celite with 2.0 ml. of 1 N K 3 PO 4 . 

A. Separation of APC-Organic Base Combina- 
tions. — (Use water- washed solvents in the ensuing 
procedure). Mount columns A and B in such a 
manner that the effluent from column A flows di- 
rectly into column B. Wash with 15-20 ml. of 
ether, discarding the washings. 

Without filtering the sample preparation, with- 
draw a 5-ml. or 10-ml. aliquot (depending upon the 
content of the components) and dilute with 4 vol- 
umes of ether. Allow solution to pass through col- 
umns. After the last portion has passed onto the 
adsorbent, wash with five 5-ml. portions of ether, 
allowing each to pass onto the adsorbent prior to 
the addition of the ensuing one. Evaporate the 
combined eluate to dryness on a steam bath in a 
current of air. This fraction contains the aceto- 
phenetidin. Dissolve the residue in 5 ml. of chloro- 
form and make to volume with isooctane in a 50 ml. 
volumetric flask. Make any dilution necessary to 
adjust to a concentration suitable for spectrophoto- 
metric measurement with a 1 : 10 mixture of chloro- 
form and isooctane. 

Immediately after passage of the last portion of 
ether through the columns, replace the receiver with 
a 50-ml. volumetric flask. Pass 48 ml. of chloro- 
form through columns and dilute to volume. This 
fraction contains caffeine, which is determined 
spectrophotometrically after proper dilution with 
chloroform. 

Separate columns A and B. Place a lOO-ml. 
volumetric flask as receiver for column A and pass 
a solution of 0.5 ml. of glacial acetic acid in 5 ml, of 
chloroform through the column followed by 92 ml. 
of a 1% solution of acetic acid in chloroform. Ad- 
just to volume and make proper dilutions with a 
1% acetic acid-chloroform solution for the deter- 
mination of acet>-lsalicylicacid. 

Add to column B (except in the case of phenin- 
damine) a solution of 2 ml. of redistilled triethyl- 
amine in 5 ml. of chloroform followed by 100 ml. 
of a 1% solution of triethylamine in chloroform. 


Evaporate the eluate to dryness on a steam bath in 
a current of air, heating two to five minutes after 
evaporation of solvent to insure complete removal 
of the triethylamine. For samples containing 
phenindamine, elute with chloroform saturated with 
ammonia, prepared by shaking 100 ml. of chloro- 
form with 25 ml. of concentrated ammonium hy- 
droxide. When evaporating this eluate, remove from 
heat immediately upon the removal of the last trace 
of solvent. 

Dissolve the residue in 10 ml. of water containing 
5 to 10 drops of hydrochloric acid, and adjust to a 
suitable volume with water for the determination 
of the organic base. 

B. For APC-barbiturate combinations. — Mount 
columns A and C as above and proceed as described 
above for the elution of acetophenetidin, caffeine, 
and acetj’lsalicylic acid. For the elution of the 
barbiturate, add to column C, 0.5 ml. of glacial ace- 
tic acid in 5 ml. of chloroform, followed by 95 ml. 
of a 1% solution of acetic acid in chloroform. Eva- 
porate to dryness. Dissolve the residue in 10 ml. of 
water containing 10 drops of ammonium hydroxide, 
and adjust to a suitable volume with water. 

In the spectrophotometric determination of all 
of the ingredients separated, read the absorbances of 
the solutions prepared as above and compare the 
values obtained with those simultaneously deter- 
mined on corresponding standard solutions. Chloro- 
form containing 1% acetic acid is used for solutions 
of salicylic and acetylsalicylic acids and the latter 
standard must be prepared daily. 

As a guide in determining the proper dilutions, the 
values in Table I may be used. 


RESULTS 

Mixtures of acetophenetidin, caffeine, acetyl- 
salicylic acid, and the associated compounds, in 
ratios approximating those found in the commercial 


Table I 



Wave- 

Concen- 

Absorb- 

ance 


length 

tratioiJ 

(Approxi- 

Compound 

tn/i 

mcg./ml. 

mate) 

Acetophenetidin 

285 

50 

0.505 

Caffeine 

276 

10 

0.485 

Acetylsalicylic Acid 

280 

100 

0.790 

310 

100 

0.010 

Salicylic Acid” 

280 

25 

0.113 

310 

25 

0.573 

Pyrilamine Maleate 

315 

10 

0.205 

Chlorprophenpyrida- 
mine Maleate 

265 

10 

0.212 

Phenindamine Tartrate 

200 

10 

0.219 

Methapyrilene Hydro- 
chloride 

.314 

10 

0.274 

Doxjdamine Succinate 

261 

10 

0.215 

Thonzylamine Hydro- 
chloride 

314 

10 

0.102 

Codeine Sulfate 

284 

100 

0.444 

Codeine Phosphate 

284 

100 

0.395 

Phenobarbital 

240 

10 

0,445 

Cyclop entenylallyl 
Barbituric Acid 

241 

10 

0.366 


*» Calculated as acetylsalicylic acid. For calculation of 
total acetylsalicylic acid in mixture with partially hydrolyzed 
material see (1). 
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Associated 

Compound 

Pj nlamroe Maleate 

Phenmdaniine Tartrate 

Thonzj lamme Hydro- 
chloride'’ 

Doxylamine Succinate 

Methapynlene Hydro- 
chloride 

Chlorprophenpj ndamme 
Maleate 

Codeine Sulfate 

Phenobarbital 

Cyclopentenj lallyl Bar- 
bituric Acid*' 


Acetjlsalicjlic 


Added 

Found 

Acetophenetidin 
Added Found 

/ Caffeine-' ' 

Added Found 

Added 

Acid 

Found 

Mg 

Me 

Mg 

Mg 

Mg 

Mg 

Mg 

Mg 

1 00 

0 99 

10 40 

10 49 

2 00 

1 99 

17 00 

16 52 

1 00 

1 00 

11 90 

11 89 

2 00 

2 00 

17 30 

17 03 

1 00 

1 00 

29 60 

29 56 

2 00 

2 00 

38 00 

37 59 

1 00 

0 98 

29 80 

30 05 

2 00 

2 00 

29 40 

29 11 

1 00 

1 02 

5 00 

5 09 

2 00 

1 99 

10 40 

10 22 

1 00 

1 02 

5 00 

5 08 

2 00 

1 97 

10 90 

10 63 

1 00 

1 01 

24 80 

24 50 

5 00 

4 96 

40 50 

40 51 

1 00 

1 02 

25 50 

25 29 

5 00 

5 01 

49 80 

49 87 

1 00 

1 00 

5 00 

5 03 

2 00 

1 98 

10 20 

10 09 

1 00 

1 00 

5 00 

4 94 

2 00 

1 98 

12 06 

11 74 

0 50 

0 51 

40 00 

40 10 

10 00 

9 92 

62 50 

63 70 

0 50 

0 50 

42 00 

42 25 

10 00 

9 94 

60 40 

60 00 

3 50 

2 65 

19 00 

18 87 

3 00 

3 01 

31 70 

31 08 

2 50 

2 49 

20 90 

21 03 

3 00 

3 01 

24 00 

23 29 

2 50 

2 61 

25 10 

24 86 

6 00 

4 90 

40 30 

40 51 

2 SO 

2 53 

25 60 

25 05 

5 00 

4 92 

34 60 

34 56 

2 28 

2 23 

26 00 

25 78 

5 00 

4 80 

34 10 

34 11 

2 28 

2 24 

26 30 

26 32 

5 00 

4 94 

36 00 

36 01 


a Mixture contains 1 mg ascorbic acid 
li Sodium salt added 


Table III 





— Acetophenetidin'-^ 

/ —“'Caffeine '• 

y— AcetylsaliCiUc Acid— 

Associated 

Declared 

Found 

Declared 

Found 

Declared 

Found 

Declared 

Found 

Compound 

Mg /Tab 

Mg /Tab 

Gr /Tab 

Gr /Tab 

Gr /Tab 

Gr /Tab 

Gr /Tab 

Gr /Tab 

Pyrilamme 

12 5 

12 03 

2 50 

2 50 

0 50 

0 50 

3 50 

3 47 

Maleate 


12 13 


2 45 


0 49 


3 44 

Phemndamine 

10 0 

9 87 

160 Omg 

161 2 mg 

15 Omg 

14 84 mg 

160 Omg 

160 2 mg 

Tartrate 


9 86 


159 7 


14 89 


161 5 

Thonzylamine 

25 0 

24 65 

1 50 

1 46 

0 50 

0 50 

3 50 

3 41 

Hydrochloride" 


24 56 


1 46 


0 50 


3 41 

Doxylamine 

6 0 

5 75 

2 50 

2 31 

0 50 

0 43 

3 50 

3 34 

Succinate 


5 69 


2 32 


0 44 


3 36 

Methapynlene 

25 0 

24 09 

2 50 

2 44 

0 50 

0 47 

3 50 

3 47 

Hydrochloride 


24 32 


2 43 


0 48 


3 41 

Chloroprophen- 

2 0 

1 85 

2 50 

2 53 

0 50 

0 50 

3 50 

3 56 

pyridamine 


1 82 


2 52 


0 50 


3 55 

Maleate 









Codeine Sulfate^ 

0 50 gr 

0 49 gr. 

2 50 

2 48 

0 50 

0 48 

3 50 

3 35 



0 48 


2 51 


0 48 


3 38 

Codeine 

0 50gr 

0 51 gr. 

2 60 

2 51 

0 50 

0 51 

3 50 

3 49 

Phosphate 


0 50 


2 51 


0 50 


3 45 

Phenobarbital 

0 25 gr 

0 25 gr 

2 50 

2 49 

0 00 

0 00 

3 60 

3 47 



0 25 


2 45 


0 00 


3 50 

Cyclopentenyl- 

0 75gr 

0 77 gr. 

2 50 

2 51 

0 SO 

0 49 

3 50 

3 43 

allyl 









Barbitunc Acid 


0 78 


2 50 


0 49 


3 47 


1 Contain 20 mg ascorbic acid per tablet 
6 Contain fla\ ormg additives 


products, were assajed according to the above 
procedure Results are reported in Table II 
The assats of commercial tablets are reported in 
Table III The duplicate assays represent sepa- 
rate samples, not duplicate aliquots withdraw n from 
the same sample preparation 
bTo difficulty i\ as introduced bv anv of the excipi- 
ents In one tnstanee in m Inch the tablet contained 
a very large proportion of chloroform-insoluble ex- 
cipient, aliquots were withdrann both immediately 
after shaking the sample preparation and after 
allow mg the insoluble matter to precipitate, no 
difference w as found in the results 


SUMMARY 

Tablets containing acetylsalicylic acid, aceto- 
phenetidin, and caffeine combined with, codeine, 
barbiturates, or antihistaminic drugs may be 
separated into their component compounds b}’- a 
modified partition chromatographic procedure. 
Acetophenetidin, xvhich is neutral, passes through 
the chromatographic column in chlorofonn-ether 
solution Caffeine, a feebly basic alkaloid, is 
trapped by sulfuric acid, from which it is eluted 


2'!0 
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with chloroform Acetylsalicylic acid is trapped 
by sodium bicarbonate; the barbiturates, which 
are weakly acidic, pass through the sodium bicar- 
bonate but are trapped by tripotassium phos- 
phate. Both are eluted with a solution of acetic 
acid in chloroform Codeine and the antihis- 
tamines are trapped by tartaric acid and sulfuric 
acid from which they are eluted with a solution of 
tnethylamine in chloroform. The procedure is 


rapid, an entire analysis can be completed in 
approximately one and one-half hours. 

The concentrations of the components are 
measured spectrophotometrically. 
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Biosynthesis of C'^-Reserpine by Rauwolfia Plants* 

By EDWIN A. PEETS.t ARTHUR R. SCHULERT.t JOHN SKOK.J and 
WILLIAM CHORNEYt 

Rauwolfia plants were grown in an atmosphere containing C’''02 for the purpose of 
biosynthesizing randomly labeled C‘*-reserpine for use in further metabolic studies. 
Preliminary experiments indicated that the activity appearing in reserpine, ex- 
pressed as percentage of the total activity fixed by plant, was lowest in plants started 
from cuttings, higher in old seedling plants and highest in young seedling plants. 

A total of 64.5 millicuries was incorporated into Rauwolfia plants to produce ap- 
proximately 22 5 mg. of reserpine containing 98 microcuries of C‘^ with a specific 
activity of 670 microcuries per Gm. of carbon. 


T) ESERPINE, the crystalline indole alkaloid ex-1 ring moiety. Such randomly labeled reserpine 
tracted from the roots of plants of the genus was prepared biosynthetically by supplying Rau- 
Rawwolfia (1) has tranquilizing effects in psy- 


chiatric disorders as well as hypotensive action 
For this reason a great deal of interest has been 
directed to its metabolism and site of action. 
The use of a C'Mabeled form of the drug would 
greatl}^ facilitate attempts to obtain such infor- 
mation. Investigations have been made using 
side-chain-labled reserpine (2, 3), but a randomly 
labeled form would have the advantage of per- 
mitting stud}’ of the whole molecule, including the 


* Received August 9, 1957, from Lamont Geological Ob- 
«;er\atory, Columbia University, Palisades, N Y , and Divi- 
sion of Biological and Medical Research, Argonne National 
Laboratory, Lcmont, III Lamont Geological Observatory 
Cont No 286 

This article is based on work performed under the auspices 
of the U S Atomic Energy Commission 

Presented to the Division of Biological Chemistry at the 
130th meeting of the American Chemical Society, Atlantic 
Cit> , N J , Sept 1956 

t Lamont Geological Observatory, 
t Argonne National Laboratory. 

This study was supported by a research grant from the 
Ciba Pharmaceutical Products, Inc 

The authors express their thanks to Dr H B MacPhil- 
lam>, Dr Paul Ulshafer, and Mr B P Korzun of the Ciba 
Pharmaceutical Products, Inc for their adMce and assistance 
in \arious phases of this T\ork 


wolfia plants with C^Os. 

PROCEDURES 

Materials and Facilities. — Four species of Rau- 
wolfia (.serpentina, hirsuta, verticzllata, and vomiiona) 
were obtained from the Plant Introduction Section 
of the United States Department of Agriculture.' 
The plants were maintained in the greenhouse and 
grown in soil. They Mere prepared for use in bio- 
synthesis by washing the soil from the roots, trans- 
planting the plants to sand, and supplying them ivith 
nutrient solutions The biosvnthesis of CL 
reserpine was earned out by growing the plants in a 
specially constructed chamber (4) designed for this 
purpose The chamber, located in a greenhouse, 
consists of a steel frame of approximate dimensions 
of 5 X I'A X 6 ft , containing glass panes embedded 
in a COj-impervious mastic A removable panel 
permits entry and is sealed when in operation. Tiie 
plants were grown m gravel contained in a stainless 
steel bed Nutrient solut’ons supplied from a stain- 
less steel storage tank by sub-irrigation contained: 

1 The authors wish to thanic Dr Bernice Schubert of the 
United States Department of AgricnUiire for procuring the 
Rauitolfia plants for them. 
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Ca(N03)2, 0.0045 M; KH.POj, 0.0023 M; MgS04, 
0.0023 M; B, 0.50 p.p.m.; Mn, 0.25 p.p.m.; Zn, 
O.OSp.p.m.; Cu, 0.02 p.p.m.; Mo, 0.05 p.p.m.; and 
Fe, 0.50 p.p.m. added as Sequestrene NaFe. The 
temperature in the chamber was maintained at 85 ± 
1° F. by a constant flow of temperature-regulated 
water over the outside surfaces. The relative hu- 
midity of the chamber atmosphere was maintained 
at 50 ± 5%. Air samples from the chamber were 
pumped through monitoring devices; total CO 2 
was measured by an infrared gas analj'zer and C’< 
activity of the air phase was measured with a vi- 
brating diaphragm-type ionization chamber. The 
desired specific activity of the air phase COi was 
maintained by periodic generation of CO 2 from a 
calculated ratio of BaC’^Oa/BaC'^Oj. The CO 2 
concentration within the chamber was held near 
that normally present in the atmosphere, namely 
within the range of 0.01 to 0.06%. 

Harvest, Assay, and Isolation Procedures. — ^At 
the termination of a designated culture period in a 
atmosphere, the plants lyere removed from 
the chamber and the roots were carefully recovered 
from the gravel substrate. Plant parts were sepa- 
rated, dried at 70° C. in a forced air oven, and ground 
in a Wiley mill to pass a 30-raesh screen. Samples 
were counted at infinite thickness with an end- 
window counter and their radioactivity was deter- 
mined by comparing the count rate with that of a 
standard plant sample. The standard consisted of 
C’^-labeled ground plant material, an aliquot of 
which was assayed by combustion and gas counting. 

One to three-Gm. ground root samples were re- 
fluxed with 20 ml. of methanol for one hour, filtered 
and washed twice with hot methanol. The filtrate 
was partially evaporated in vacuo to reduce the vol- 
ume and made up to 5 ml. Chromatographic ex- 
amination of this extract using the methods of 
Banes, ct al. (5, 6), and Carol, el al. (7), established 
the presence of five fluorescent alkaloids in addition 
to reserpine, namely deserpidine, rescinnaraine, 
ajmalicine, ajmaline, and serpentine. Reserpine 
was separated by means of liquid-liquid partition 
chromatography on Celite columns (6) and assayed 
by ultraviolet absorption (8). Radioactivity of 
reserpine was determined by plating the material on 
a planchet, counting an infinitely thin layer in a 
windowless gas flow counter, and comparing its 
count rate with that of a similarlj' prepared sample 
of known activity. 

The isolation of the labeled material was accom- 
plished by means of a solvent extraction procedure 
of Korzun, cl al. (9), rather than bj' chromatographic 
methods. 


and stem, leaf and root fractions were prepared for 
assay in the manner described. Determinations of 
reserpine content and activity were also made. 

The reserpine content of the roots was similar in 
all plants and ranged from 0.15 to 0.19%. How- 
ever, the C“ appearing in reserpine, expressed as 
percentage of the total C'^ fixed by the plant, varied: 
smallest amounts appeared in reserpine from roots 
of plants started from cuttings, higher amounts ap- 
peared in old seedlings and considerably higher 
amounts in young seedling plants. This maj" be 
related to the relative rate of root tissue formation 
and leaf respiration rates bj' the different tj'pes of 
plants. Young seedling plants are perhaps more 
vigorous and produce new root tissue at a higher 
rate than do either older seedlings or cuttings. On 
the basis of this information young seedling plants 
were used in the biosynthesis operation. 

Biosynthesis of C'^ Reserpine. — Twelve young 
seedlings of R. hirsula and two of R. vomiloria were 
transplanted into the chamber and were permitted 
to become established for a one week period prior to 
incorporation of C^Oj. They were grown for a 
total of forty days in a C“Oj atmosphere with a 
specific activity of 1.45 millicuries per Gm. carbon. 
A total of 64.5 millicuries of C“ was fixed by the 
plants during this time. After a culture period of 
about thirty-three days under these conditions the 
R. vomiloria plants showed some radiation damage 
as evidenced by leaf mottling. 

Of the 64.5 millicuries of C‘* fixed by the plants, 
46.0 millicuries were taken up by the 12 R. hirsula 
plants and 18.5 millicuries by the two R. vomiloria 
plants. Of the total amount in the R. hirsula 
plants, 49.0% appeared in the leaves, 27.7% in the 
stems and 26.3% in the roots. In the R. vomiloria 
plants, amounts in the comparable fractions were 
33.1, 19.4 and 47.1% respectively. 

A total of 75 Gm. of dry root material was ob- 
tained from the entire crop. Assays of samples of 
the pooled root material indicated an average reser- 
pine content of 0.3%. The specific activity of re- 
serpnie from this pool is 670 microcuries per Gm. of 
carbon, giving a total available amount of 225 mg. 
reserpine with a total activity of 98 microcuries of 
C'*. 

The reserpine was not all isolated at the same time. 
Isolations will be carried out as the material is 
needed for metabolism studies, since the material is 
apparently less subject to decomposition while in 
its natural form in the root. The labeled alkaloids 
are presently being used in animal studies by the 
first two authors. 


RESULTS 

Preliminary Trials. — Preliminary experiments 
were carried out for the purpose of determining 
whether there were any species or plant-type dif- 
ferences in capacity for carbon fixation or in ef- 
ficiency of incorporation of C” into reserpine. Mod- 
erately mature and woody seedlings of R. serpcnlina 
and R. hirsula, young seedlings of R. vcrlicillata and 
young rooted cuttings of R. vcrlicillala were selected. 
They were grown for thirteen days in an atmosphere 
niainlaincd at an average specific activity of 524 
microcurics [icr Gm. carbon in the air phase. At 
the end of this period the plants were harvested. 
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Metal Chelates and Antitub ercular Activity III.* 

^-Aminosalicylic Acid: Chelate vs. Complex 


By WILLIAM O. FOYE and RONALD N. DUVALLf 

Cupric and ferrous chelates of /'-aminosalicylic acid have been isolated and charac- 
terized, and their physical and antituhercular properties compared with those of a 
previously isolated cupric complex. The cupric chelate showed much higher /'« 
vivo antituhercular activity in mice than the cupric complex, and was found to be 
about thirty times more fat-soluble than the cupric complex. The ferrous chelate 
was not appreciably active against experimental tuberculosis. The effect of these 
findings in explaining a possible mechanism of the antituhercular activity of p- 
aminosalicylic acid is discussed. 


A COPPER COMPLEX of /'-aminosalicylic acid 
(PAS) was isolated by Erlenmeyer, el al. (1), 
and was found to show equivalent or better 
tuberculostatic activity than PAS itself in two 
different culture media The activity of both 
the complex and PAS was increased tenfold in the 
presence of excess cupric ion, however, which 
provides very good indication that PAS exerts its 
tuberculostatic action in the form of the cupric 
complex. The complex was believed to be 
cyclic, or a chelate, although later evidence (2) 
showed it to be an open phenolic or amine com- 
plex (I) rather than a cjTlic chelate. At the 
same time, antituhercular tests in mice showed 
the complex to be less effective than PAS. 



(I) 


During the preparation of the copper complex, a 
green-black product is first visible and then 
changes gradually to the light green complex in 
alkaline media. The dark green product was 
isolated and postulated by Erlenmeyer as a salt, 
but the evidence presented here indicates it to be 
a copper chelate A similar preparation using 
ferrous ion also produced a compound differing 
from the previously-prepared ferrous complex (2) 
and which chemical and biological evidence also 
indicates to be a chelate structure 

* Received May 1, 1957, from the Massachusetts College of 
Pharmacy, Boston 

Presented to the Scientific Section, A Pii A , New York 
meeting. May, 1957 

Abstracted in part from the dissertation presented to the 
Graduate Council, Massachusetts College of Pharmacy, by 
R N. Duvall, in partial fulfillment of the requirements for 
the degree of Doctor •f Philosophy 

t Ell Lilly and Company Fellow, 19.55—1950 
The authors arc indebted to Drs K K Chen and W B 
button of the Lilly Research Laboratories for their coopera- 
tion in caiT 3 *ing out the antituhercular and toxicity tests 


Antituhercular tests in mice, carried out at the 
Lilly Research Laboratories, showed a striking 
difference between the PAS complexes and PAS 
chelates. The copper chelate, when fed to 
tubercular mice as previously described for the 
complexes (2), was considerably more active than 
the copper complex and is superior in activity 
to PAS itself. The ferrous chelate, although not 
appreciably active, was much less toxic than the 
ferrous complex and is, in fact, relatively non- 
toxic. It was found to have an acute oral toxic- 
ity of over 2 Gm./Kg. in mice. The copper 
chelate, however, killed mice at a dose of 41.7 
mg./Kg. but not at 20.8 mg./Kg. after intra- 
peritoneal injection. Detailed results of this 
testing are presented in Table I. 


Table I. — In vivo Antitubercular AcrmriES or 
THE PAS-Mbtal Chelates" 



% m 

No of 

Mortal- 

ity, 

Mean 
Sur\’ivat 
Time in 

pound 

Diet 

Mice 

% 

Days& 

(PASlsCu 

0 s 

5 

0 

23 + 

(PASjzCu 

0 01 

5 

20 

22 8 

iNH" 

0 01 

10 

0 

23 + 

Control 


10 

60 

21 + 

(PAS)-Fe 

0 1 

5 

60 

20 6 + 

(PASizFc 

0 02 

5 

80 

20 6 + 

PAS' 

0 5 

5 

0 

21 + 

Control 


10 

80 

20 3 + 

PAS' 

0 5 

10 

30 

20 2 + 

INH' 

0 01 

10 

0 

21 + 

Control 


10 

SO 

19 5 + 


® Determined at the Lilly Research Laboratories by W B 


> A + indicates that the surx’iving animals were sacrificed 
at the indicated times for examination of lesions 

e PAS = ^-aminosalicylic ac’d, INH isonieotinyl hy- 
drazide 


The method of preparation of the PAS chelates 
followed that for the PAS complexes already 
described (2), except that the reactions were 
allowed to become acidic, thus allowing the isola- 
tion of the initially-formed dark colored pre- 
cipitates. Evidence for chelation, according 


2S2 
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to the criteria listed by Martell and Calvin (3), 
included: a marked drop in pH during the reac- 
tion, absence of metal ions in solution, decreased 
aqueous solubility, intensification of color, and 
analytical results in good agreement with a 
chelate structure having a 2 : 1 ratio of PAS to 
metal. Saturated aqueous solutions of the 
chelates gave negative tests for the metal ions us- 
ing either ferrocyanide, ferricyanide, or thio- 
cyanate indicators. A positive test was given 
by the copper complex (I) with ferrocyanide ion, 
however. Suspensions of the chelates, after 
standing in dilute h 3 'drochloric acid at a pH of 3.0 
also gave negative tests for metal ions. 

Elemental analyses were carried out on the 
air-dried products and the results are presented 
in Table 11 along with the corresponding informa- 
tion for the copper complex. It should be pointed 


The ultraviolet absorption spectral char- 
acteristics of PAS and its copper derivatives were 
compared in an attempt to show further differ- 
ences between the chelate and complex. The 
position of the maxima observed for PAS itself 
remained unchanged on formation of either the 
complex or chelate, but the intensity of absorp- 
tion (per salic 3 date ring) increased slightl 3 " at 265 
m;x and decreased slightly at 300 tn/z (see Table 
III). Little difference in spectral characteristics 
was noted, however, between chelate and com- 
plex. The failme of chelate or complex formation 
to appreciabl 3 ’’ alter the position of the maxima 
has also been noted with the metal chelates of 
riboflavin (4). 

Examination of another ph 3 ’-sical propert 3 q the 
oil-water partition coefficient, was made not 
onl 3 ' to discover differences between the chelate 


Table II. — Analyses of the PAS-Metal Chelates" 







—Analyses, %— 

^ 


-HiO, %- 


Compound 

Formula^ 


C 

H 

N 

M 

k. F.c 


Dd 

(PASIjCu com- 

Ci,H,oN;06CuNaj-4H50 

Calcd. 

34.76 

3.72 

5.80 

13.13 


14.89 


plex 


Found 

34.94 

3.55 

5.80 

14.89 

15.45 


15.15 

(PASl.Cu chelate 

CnHuNjOsCu-HjO 

Calcd. 

43.58 

3.63 

7.26 

16.47 


4.67 




Found 

43.48 

3.80 

7.37 

15.81 

4.85 


5.25 

(PASljFe chelate 

Ci,H,2N208Fe-4H20 

Calcd. 

38.92 

4.63 


12.93 


16.67 




Found 

39.29 

3.43 


12.31 



15.44 


® The carbon-hydrogen analyses were determined at the Weiler and Strauss Microanalytical Laboratory, Oxford, England. 
The nitrogen analyses were obtained by the Kjeldahl method. 

l> The compounds were dried at room temperature by exposure to air to avoid loss of water of hydration as far as possible. 
® K. F. refers to the Karl Fischer determination, 
d D refers to vacuum drying at lOO** over phosphorus pentoxide. 


out that the variable water contents of these 
compounds, caused by variations in drying times 
and procedures, make it difficult to secure exact 
analytical values. The metal content was deter- 
mined by ashing at 1,000°, and the water analysis 
was accomplished both b 3 '- the Karl Fischer 
procedure and by loss of weight after vacuum 
drying at 100°. Unlike the PAS complexes, no 
sodium ion was present in the chelates. Al- 
though an alkaline reaction medium was cm- 
plo 3 -ed in their preparation, the chelates were 
isolated at pH values of 4.0 and 5.7, respectivel 3 ’’, 
for the copper and iron derivatives. These re- 
sults permit the postulation of the following 
structure (II) for a divalent metal chelate of PAS. 


OH 



OH 


(II) 


Table III. — Absorption Spectral Characteris- 
tics 



X Max., 


Compound 


e ^(ax. 

PAS 

265 

12,500 

(PASl.Cu complex 

300 

9,075 

265 

27,290 


300 

17,470 

(pAS) 2 Cu chelate 

265 

26,490 

(PAS) 2 Fe chelate 

300 

17,220 

265 

26,880 


300 

18,320 


The spectra were determined in water usinc a Beckman 
Model DU quartz spectrophotometer. Concentrations of 
approximately 10 mg. per liter were used. 


and complex, but also to obtain information re- 
garding the pcnetrabilit 3 ^ of the metal derivatives 
into the cells. 01 e 3 d alcohol was selected for this 
purpose in preference to the more viscous 
vegetable oils, in accordance with its properties 
as described b 3 ' Albert (5). It has also been 
shown b 3 ’- Collander (0) that the distribution of a 
scries of substances between water and poorly 
miscible liquids alwa 3 -s follows the same order. 
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although greater differences in partition coeffi- 
cients within a given senes are obtainable with 
the liquids of lower water solubilit% The co 
efficients were obtained by measuring spectro- 
photometrically the percentage of compound ex- 
tracted by oleyl alcohol from 10“^ to 10“' M 
aqueous solutions At this low' concentration, 
the values observed can, of course, be no more 
than approximate Reference to Table IV shows 
that the copper chelate is considerabh more fat 
soluble (about thirty-fold) than the copper com- 
plex, as might be expected from their relative an- 
titubercular activities The fact that lipo- 
solubility IS necessary, but is not alone a deter- 
minative factor in antitubercular activity, is 
shown by the comparable liposolubility of the 
ferrous to the cupric chelate and the relative 
lack of antitubercular properties b\ the ferrous 
chelate 


Table IV — Oil Water Partition Coefficients 
AT 25° 


Compound 

Conen , 
Aq 

Phase X 
10< U 

pH 

Aq 

Phase 

Partitton 

Coeff 

X 10» 
Oleyl 

Ale /HiO 

(PASIjCu complex 

5 

9 8 

8 

(PAS)jCu chelate 

G 

5 2 

244 

(PAS)jFe chelate 

10 

4 7 

174 


It may be stated, on the basis of the evidence 
presented here and elsewhere (1), that PAS prob- 
ablj’ exerts its antitubercular action as a cupric 
chelate Both in vitro and in vtio tests have 
shown the copper derivative to be equal to or 
superior to PAS itself That the cupric chelate 
and not the cupric complex is successful against 
experimental tuberculosis is undoubtedly due to 
the much greater lipophilic character of the 
chelate which allows greater penetration of the 
cells The increased tii vitro activity of both PAS 
and the copper complex in the presence of excess 
copper ion points to the possibility that a 1 I 
chelate may' be the important species, and the 
fact that doses of the copper chelate comparable 
to those of PAS were effective in mice presents a 
strong likelihood that a chelate is the actn e anti- 
tubercular form of this agent While the chelates 
w ere too insoluble to permit the determination of 
stability constants by customar\ methods, their 
stability m water at a pl I of 3 0 over prolonged 
periods would indieate an ability to remain intact 
m the bod\ The failure of the ferrous chelate 
to show appreciable in Uio antitubercular ac- 
tlMty, whereas both the cupric and ferrous 


chelates of 8 hydroxyqumolme are known to be 
the active bacteriostatic forms of this drug (7), 
and its comparable liposolubility to the cupric 
chelate, indicate a high degree of selectively toxic 
action m the antitubercular activity of p ammo 
salicy'lic acid chelates 

EXPERIMENTAL 

Preparation of the Metal Chelates — An aqueous 
solution of copper sulfate (0 05 mole) was added 
slowly with stirring to a solution of sodium p ammo 
salicj'late (0 1 mole) in 100 ml of water The pH 
dropped from 9 5 to 4 0, as determined by a Beck 
man pH meter, and a green-black precipitate formed 
immediately The suspension was stirred for an 
hour, filtered, and the product was washed free of 
sulfate ion with cold water The dark green prod- 
uct was allowed to dry' by exposuie to air at room 
temperature, and a yield of 95% was obtained, 
based on the formula proposed for the copper clie 
late in Table II 

The ferrous chelate was prepared m identical 
fashion, using 0 025 mole of ferrous sulfate and 0 05 
mole of sodium p aminosalicylate The pH dropped 
from 9 5 to 5 7 during this reaction A dark red 
brown precipitate was isolated m 48% yield, based 
on the formula m Table 11 This compound was 
appreciably more water-soluble than the copper 
chelate, and a sizable portion was lost during the 
washing 

Analysis of the Metal Chelates. — The metal con- 
tent of the chelates was determined by ashing to 
constant weight at 1,000° The ash from the cop- 
per chelate was weighed as cupric oxide and that 
from the ferrous chelate as ferric oxide, and the re 
suits were reproducible The copper complex could 
not be analyzed by this method because of the pres- 
ence of sodium carbonate in the ash, so the copper 
was determined by the standard lodomctric proce- 
dure The usual method for analyzing ferrous ion by 
dichromatc oxidation could not be used for the 
ferrous chelate, since the PAS interfered and no end- 
point was visible 

Analy'sis of the water content was accomplished 
by the Karl Fischer method using platinum elec- 
trodes and a Beckman pH meter Vacuum drying 
(10-20 mm ) to constant weight at 100° over phos- 
phorus pentoxide gave comparable values for water 
to those obtained from the Karl Fischer procedure, 
but less drastic drying conditions gave variable 
results 

The chelates were found to be stable at a pH of 
3 0 by suspending the chelates m dilute liy drocliloric 
acid and testing for metal ion with nonchclating 
indicators Negative tests for metal ion were 
obtained with each of the chchles using ferrocy- 
anidc, fcrricyanide, and thiocyanate ions after the 
chelates remained m contact with the acid over- 
night A positive test for cupric ion was found 
with the copper complex, how ever 

Measurement of Partition Coefficients. — Com- 
mercial oleyl alcohol (DuPont Co , b p 1.37— 142°/2 
mm ) was used to cxtr.act the complexes from ivatcr 
at 25° Approxiniateh 5 mg of complex was 
cquihbr.itcd between the .iqiicous and organic 
phases by stirring the suspensions for three hours. 
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by which time all the solid had dissolved. A liter 
of water was required to dissolve these amounts, 
giving 10“^10“® M aqueous solutions of chelate or 
complex, and an equal volume of oleyl alcohol was 
used. After separation of the layers, residual 
droplets of oil were removed by filtration through 
cotton. The concentration of the compound in the 
aqueous phase was determined spectrophotometrr- 
cally, and the percentage of compound in each phase 
was calculated. 
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Metal Chelates and Antitubercular Activity IV.* 

Isonicotinyl Hydrazide 

By WILLIAM O. FOYE and RONALD N. DUVALLf 


Metal chelates of isonicotinyl hydrazide (INH) containing divalent copper, cobalt, 
iron, and zinc and having both 1 : 1 and 2 ; 1 ratios of INH to metal have been iso- 
lated and characterized. These chelates showed in vivo antitubercular activities in 
mice comparable to that from INH itself. The 2 : 1 chelates were found to be con- 
siderably more lipophilic (fifty to ninety-fold) than the 1 : 1 chelates, but underwent 
conversion to 1 : 1 chelates at equilibrium. Toxicity determinations on the chelates 
showed them to resemble the corresponding inorganic salts in their toxic manifes- 
tations in mice. These findings suggest that the INH chelates are present mainly 
as the 1 : 1 species in vivo, and permit the postulation that INH exens its antitubercu- 
lar action as a 1:1 metal chelate. 


TENFOLD INCREASE in the tuberculostatic 
action of isonicotinyl hydrazide (INH) in 
the presence of cupric ion was reported by Erlen- 
meyer, et al. (1), on the basis of in vitro tests. It 
was also shown that INH was capable of chelating 
copper ion giving all ratio of INH to copper, 
and it was suggested that chelation of heavy metal 
ions played an important part in the antituber- 
cular action of this drug. A chelate structure 
having a 2 : 1 ratio of INH to copper was also 
postulated by Fallab and Erlenmeyer (2), and 
Albert (3), as well, showed that both 2 : 1 and 1 : 1 
chelates of INH were capable of existence. 
Albert also revealed that other hydrazides have 
equal or greater affinities for metal ions than has 
INH, but they generally show much lower anti- 
tubercular effects (4). 

Cymerman-Craig and Rubbo (5) have also 
presented evidence that INH e.\erts its tuber- 
culostatic action by means of a metal ion chela- 
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tion. This was accomplished by blocking tbe 
ability of INH to chelate and showing loss of 
antitubercular activity in vitro. These investiga- 
tors later tested the 1 : 1 cupric chelate of INH 
in vivo using an ulcer healing technique in 
mice, and described the chelate to be as active 
as INH or any of its derivatives, although it 
showed both local and systemic toxicities (6). 
They believed the copper chelate to be the active 
form of the drug in vivo. 

In this communication, the preparation of 
several divalent metal chelates of INH and their 
in vivo antitubercular activities are reported. 
Chelates having a 1 : 1 ratio of INH to metal (I) 
w'ere isolated from acidic media, and chelates 
having a 2 . 1 ratio (II) were isolated on the 
alkaline side of neutrality. Copredpitation of 
metal hydroxide in the latter reaction was avoided 
by keeping the pH from e.xceeding 7.5. The 
usual indications of chelation were noted, in- 
cluding a marked drop in pH, considerable de- 
crease in aqueous solubility, formation of colored 
products, and elemental analyses which agree with 
theoretical values for chelate structures. Chelates 
(1:1), with cupric, ferrous, and zinc ions, and 
2:1 chelates uith cupric and cobaltous ions were 
isolated, and the analytical results are recorded 
in Table I. An insoluble 1:1 cobalt chelate 
could not be isolated. 
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H-0 

i 

O— M OH 2 +HSO,- 

N=/ 

N— NH; 

(I) 

NHz — N 



N— NHj -xHjO 
( 11 ) 


When these chelates were fed to mice infected 
with Jlf. luberculosis H37Rv, as previously de- 
scribed for complexes of ^-aminosalicylic acid 
(7), their activities were comparable to that 
of INH itself. Comparison of the relative sur- 
vival times and mortality percentages of mice 
protected by the chelates with those of INH-fed 
mice and unprotected controls would indicate the 
chelates to be as effective as INH. This becomes 
evident on comparing the amounts of INH 
present in the chelates with the amount of un- 
combined INH used as comparison standard; 


in Table III. Comparison of these toxicities 
with those from corresponding amounts of the 
inorganic salts shows close similarities. Other 
biological effects of the chelates, such as decrease 
of activity of the mice, decrease of respiration. 


Table II. — In vivo Antitubercular Activities of 
THE INH-Metal Chelates'* 



Diet, 

No. of 

Mor- 

tality. 

Mean 

Sur- 

vival 

Time, 

Chelate 

% 

Mice 

% 

daysli 

INH-Cu+HSO,- 

0.5 

5 

0 

21-1- 


0.2 

5 

0 

21-1- 


0.1 

5 

0 

21 + 


0.02 

5 

0 

21 + 


0.01 

5 

20 

20.9 

(INHjiCu 

0.1 

5 

0 

21 + 


0.02 

5 

0 

21 + 

(INHjiCo 

0.1 

5 

0 

21 + 


0.02 

5 

0 

21 + 

1NH-Zn+ HSO,- 

0.2 

5 

0 

21 + 


0.1 

5 

0 

21 + 


0.02 

5 

0 

21 + 

INH-Fe+HSO.- 

0.1 

5 

0 

21 + 


0.02 

5 

0 

21 + 

IHN 

0.01 

5 

0 

21 + 

Controls 


10 

80 

20.3 + 


« Determined at the Lilly Research Laboratories by W. B. 
Sutton. 

b A+ indicates that the surviving animals were sacrificed 
at the indicated times for examination of lesions. 


Table I. — Analyses of the INH-Metal Chelates® 


Chelate 

Formula** 


' C 

H 

s 

M ' 

K. F.e 

-H.O, %- 

DJ 

INH-Cu+HSOr 

C6H7N,05SCu-2Hj0 

Calcd. 

21.66 

3.31 

9.62 

19.10 


10.82 




Found 

22.00 

3.25 

9.07 

18.25 

11.47 


11.97 

(INH).Cu 

CijHioNeOeCu-SHoO 

Calcd. 

36.97 

4.62 


16.30 


13.86 



Found 

37.21 

3.92 


18.03 



14.57 

(INHleCo 

CisHieNcO.Co • 4 II 2 O 

Calcd. 

35.71 

4.96 


14.62 


17.86 



Found 

35.81 

3.89 


14.44 

13.90 


14.09 

INH-Zn+ HSO,- 

CtH7NaOsSZn-2H20 

Calcd. 

21.52 

3.29 

9.57 

19.54 


10.76 




Found 

21.68 

2.96 

9.22 

18.24 

13.42 


12.44 

INH-Fe+ HSOi- 

C6H7Nj05SFe-2H20 

Calcd. 

22.15 

3.38 

9.85 

17.18 


11.08 

10.14 



Found 

21.85 

3.15 

9.27 

15.93 

12.08 



“ The carbon-hydrogen analyses were determined at the Weller and Strauss Microanalytical Laboratory, Oxford, England, 
t The compounds were dried at room temperature by exposure to air to avoid loss of water of hydration as far as possible. 
^ K.. F. refers to the Karl Fischer determination. 

D refers to vacuum drying at 100® over phosphorus pentoxide. 


since 0.025% of the I; I copper chelate, for in- 
stance, should give the same effect as the 0.01% 
INH used as standard, based on molecular 
weights. Histological examination of the mice, 
however, revealed that a 0.5% dosage level 
of the 1:1 copper chelate was less effective 
than a 0.01% level of INH. Detailed results of 
this testing, carried out at the LDly Research 
Laboratories, are shown in Table II. 

Determination of toxicities of the INH chel- 
ates in mice was also done at the Lilly Re- 
search Laboratories, and the results are recorded 


skin color, and abdominal tone loss, were also 
closely paralleled by the injection of the corre- 
sponding metal ions as salts. These results in- 
dicate that the chelates are decomposed to some 
extent in vivo, and that metal ions are liberated 
and produce toxic effects. However, the 1:1 
chelates are more toxic than would be expected 
from their metal contents. Whether this decom- 
position occurs before or after the antitubercular 
action of the chelate is, of course, not evident from 
this method of examination. Albert (3) has 
measured the stability constants of INH-mctal 
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Table III— Tonicities of the INH-Metal Chelates” 





Dose, 

I. P., mg./Kg., in Mice®— 

500 


Compound 

* 10 

25 

50 

100 

250 

1,000 

INH-CU+HS04--2H20 


3-4 days 

5 hr. 

1 hr. 

23 min.- 1 
day 



(INHIjCu-SHjO 



1-2 days 

3 hr. 



CuS04-5H20 

2 days 

40 min.- 
1 day 

1-1 Vj hr. 

40 min. 

3 hr. 

2 hr. 

INH-Fe+ HS04--2H50 




1 day 

FeS0c7H20 





3 days 

2 days 

4 hr. 

(INH)2Co-4H20 





1 day 

1 day 

4-6 min. 

CofNOalrOHsO 





9 min.- 1 
day 

lNH-Zn+HS04--2H20 




1-2 days 

17 min.- 2 
hr. 


ZnS04-7H20 




5 days 

17-19 min. 



° Determined at the Lilly Research Laboratories by R. C. Rathbun. 

l> Generally three mice were used for each determination. The times recorded indicate that required for death. 


chelates and shown their stabilities to be only 
slightly less than those of the common amino 
acid chelates, which chelates are considered to 
be capable of existence in vivo (8, 9). 

The ultraviolet absorption spectral character- 
istics of INH and the divalent metal chelates 
prepared are listed in Table IV. Little change in 


Table IV. — Absorption Spectral Characteris- 
tics 


Compound 

X Max., 

e Max. 

INH 

264 

4,780 

(INHIjCo 

265 

7,660 

(INHlsCu 

265 

6,380 

INH-CU+ HSOi- 

265 

3,920 

INH-Zn+HSOi- 

262.5 

4,520 

INH-Fe+HSO,- 

262 

6,070 


" The spectra were determined in water at concentrations 
of 10 mg. per liter. 


the position of maximum absorption for INH 
took place on formation of the chelates, as was 
previously observed for the chelates of />-amino- 
salieylic acid (10) ; but the intensity of absorption 
decreased with each chelate except the ferrous, 
when compared with the value to be expected 
from the amount of INH present. The 2:1 
chelates could be distinguished from the 1 : 1 
chelates by the nature of the absorption curves, 
however. The 2 : 1 chelates showed pronounced 
minima at 243-245 whereas the 1 : 1 chelates 
gave flatter curr’^es with no pronounced minima. 
Prolonged stirring (three to four hours) was 
necessarj^ to dissolve appreciable amounts of 
most of these chelates in water, but no attempt 
was made to reach equilibrium conditions. 
Essentially tlie same characteristics were found 
for the zinc clielate which dissolved at once. 

Examination of the oil-water partition co- 
efficients (Table V) of the INH clielates shows the 
2 : 1 chelates to be fifty to ninety-fold more fat 


Table V. — Oil-Water Partition Coefficients, 
25° 


Chelate 

Concn., 

Aq. 

Phase X 
10» A/ 

pH 

Aq. 

Phase 

Partition 

Coeff., 

Oleyl 

Alc./HiO 

INH-Cu+ HSOj- 

15 

4.9 

0.109 

INH-Fe+ HSO4- 

15 

5.1 

0.155 

INH-Zn+ HSO4- 

15 

6.3 

0.144 

(INHliCu 

0.75 

6.3 

10.11 

(INH)2Co 

1.1 

5.8 

5.54 


soluble than the 1:1 chelates at the concentra- 
tions measured. Oleyl alcohol was used for this 
determination, in accordance with the ad- 
vantages outlined by Albert (11). The co- 
efficients were obtained by measuring spectro- 
photometrically the percentage of compound 
extracted by oleyl alcohol from 10"'^ M aqueous 
solutions when freshly prepared. An attempt 
to reach equilibrium conditions is shown in Table 
VI. A gradual conversion to an equilibrium, 
expected to e.\ist between INH and the 1:1 and 
2:1 chelates in accordance with Albert’s stability 
constants (3) was apparent after two weeks, with 
most of the chelate present as the 1 : 1 species. 


Table VI. — Oil-Water Partition Coefficients 
.4fter Two Weeks, 25° 


Concn., 

Aq. 


Chelate 

Phase 

X 

105 M 

pH 

Aq. 

Phase 

Time 

1NH-CU+ 

15 

4.9 

3 hr. 

HSO,- 

15 

4.9 

2 wks. 


3.0 

6.1 

3 days 


3.0 

6.1 

2 wks. 

(INH).Cu 

0.75 

6.3 

3 hr. 


0.75 

6.3 

1 wk. 


0.75 

6.3 

12 daj-s 


0.75 

6.3 

2 wks. 


Partition 

Coeff., 

Oleyl 

Ale./ 

HiO 

0.109 

0.088 

0.134 

0.089 

10.11 

0.222 

0.285 

0.167 
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The antitubercular testing results also indicated 
a similar sliift to 1 : 1 chelate in the animal body, 
since the same relative activity was shown by the 
2 : 1 as by the 1 : 1 chelates. 

It is apparent from the much greater lipophilic 
character of the 2 : 1 chelates that they should 
penetrate the cells more readily than the 1 : 1 
chelates (12). Albert (11) has previously demon- 
strated, for instance, that lowering the lipo- 
solubility of 8-hydroxyquinoline analogs and 
presumably that of their metal chelates as well, 
considerably reduced or removed their anti- 
bacterial activity. In the present case, no 
difference in antitubercular activity was noted 
between the 1 : 1 and 2 : 1 chelates and INH itself, 
which in addition to the toxic effects, suggests that 
the 2 : 1 chelates are undergoing conversion 
mainly to 1 : 1 chelates. In fact, it is doubtful 
that any appreciable amount of 2:1 chelate 
would be produced in the body after administra- 
tion of free INH due to the necessity for alkaline 
conditions for its formation, and the direction 
which the equilibrium takes in neutral or acid 
media. In view of the previous findings regard- 
ing the tuberculostatic action of INH chelates 
(1, 4, 6), it appears from the evidence presented 
here that INH tends to act as a 1 : 1 metal chelate, 
since othenvise chelate formation would be 
expected to reduce the antitubercular activity of 
INH, and both the 2 ; 1 chelate and free INH 
should be readily converted to the 1 : 1 chelate 
under biological conditions. 

EXPERIMENTAL 

Preparation of the Metal Chelates.— The 1:1 
chelates were prepared by adding an aqueous solu- 
tion of the metal sulfate (0.02 mole) slowly with 
stirring to 2.7 Gm. (0.02 mole) of isonicotinyl hy- 
drazide' in 50 ml. of water. Precipitation took 
place with in a few minutes, and the pH dropped 
from 7.1 to 3.2 during the addition of copper 
sulfate, from 7.1 to 5.9 using zinc sulfate, and 
from 7.2 to 4.8 with ferrous sulfate. The mixtures 
were stirred for one hour, filtered, and washed with 
water. The products were dried by exposure to 
air at room temperature. A 92% yield of pale 
green copper chelate, an 83% yield of white zinc 
chelate, and an 87% yield of bright orange ferrous 
chelate were isolated, based on the formulas pro- 
posed in Table I. 

The 2:1 chelates were obtained by the drop wise 
addition of aqueous solutions of copper sulfate and 
cobaltous chloride (0.01 mole) to 0.02 mole of iso- 
nicotinyl hydrazide' in 50 ml. of water while main- 
taining the pH at approximately 7.5. After being 
stirred for an hour, the mixtures were filtered, 
washed with water, and air dried. An 83% yield 
of green copper chelate and a 72% yield of pink 


* A gift of the Massachusetts General Hospital. 


cobalt chelate were isolated. With both the 1 : 1 and 
2:1 chelates, no further purification was done prior 
to analysis in order to avoid loss of water of hydra- 
tion and avoid, as a result, products of varying com- 
position. 

Analysis of the Metal Chelates. — Metal analyses 
were done by ashing at 1,000° as reported earlier 
(10). Copper was also determined by the standard 
iodometric procedure. Sulfur was determined by 
dissolving the 1 : 1 chelates in hydrochloric acid T.S. 
and precipitating the sulfate as barium sulfate. 
Water of hydration was measured both by the Karl 
Fischer method and by vacuum drying at 100° over 
phosphorus pentoxide as previously described (10). 

Qualitative tests for metal ion were made on both 
the saturated aqueous solutions of the chelates and 
suspensions in dilute hydrochloric acid at a pH of 
3.0 after an hour. The two copper chelates gave 
negative tests in both cases using ferrocyanide and 
ferricyanide indicators. The ferrous chelate showed 
positive tests for ferrous ion in both media, as did the 
cobalt and zinc chelates. In no case was a greater 
intensity of color produced from the suspensions in 
dilute hydrochloric acid after an hour than from the 
aqueous solutions, however. These indications are 
in agreement with the stability constants of INH- 
metal chelates determined by Albert (3) . 

Measurement of Partition Coefficients. — Oleyl 
alcohol (DuPont Co., b. p. 137-142°/2 mm.) was 
used to extract the chelates from 10”* to 10”® M 
aqueous solutions as previously described (10). 
The-use of buffers to provide a uniform pH in the 
aqueous phase was considered inadvisable, since 
change of pH obviously alters the ligand-metal ratio, 
and many buffer systems are capable of undergoing 
salt or complex formation with metal ions or chelates. 
In the case of the equilibrium determinations, the 
1:1 chelate showed sufficient solubility in the 
aqueous phase to permit determinations to be made 
at two concentrations. For the 2:1 chelate how- 
ever, values for only one concentration are re- 
ported, since at higher concentrations, the solubility 
limit in oleyl alcohol was exceeded, and at lower 
concentrations, the accuracy of measurement by the 
spectrophotometer used (Beckman Model DU) is 
questionable. 

Determination of Antitubercular Activities, — 
Mice infected with M. tuberculosis H37Rv were fed 
the chelates as previously reported (7), and the 
mean survival times were compared with those of 
control mice receiving either no drug or INH as 
standard. 
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Interaction of Preservatives v^ith Macromolecules I. 

Binding of Parahydroxybenzoic Acid Esters by Polyoxyethylene 20 
Sorbitan Monooleate (Tween 80)* 

By N. K. PATEL and H. B. KOSTENBAUDER 

A quantitative evaluation of the degree of intermolecular association between />- 
hydroxybenzoic acid esters and Tween® 80 was obtained by means of an equilib- 
rium dialysis study employing a semipermeable nylon membrane. Data obtained 
facilitate calculation of the quantity of preservative which must be added to an 
aqueous system containing a known concentration of Tween® 80 in order to have 
the desired concentration of unbound preservative. 


N umerous reports have appeared in recent 
years concerning the inactivation of various 
preservatives in the presence of several non- 
ionic surfactants (1-9) and vegetable gums 
(10-12) commonly employed in pharmaceutical 
systems. One of the examples which has most 
frequently been cited is that of the inhibition of 
phenolic preservatives in the presence of surfac- 
tants which are polyether derivatives of fatty 
acid esters. Several investigators have suggested 
that this phenomenon can probably be attributed 
to the formation of a complex between the pre- 
servative and the surfactant (8, 9) . 

As demonstrated by Allawala and Riegelman 
(13, 14) in their studies of iodine solubilized by 
surface-active agents, it is the thermodynamic 
activity rather than the stoichiometric concen- 
tration of the toxic substance which is related to 
the antimicrobial activity. Therefore, in the 
presence of an agent which is capable of forming 
a complex with the preservative, it is to be ex- 
pected that both the thermodynamic and anti- 
microbial activity will be diminished. The pres- 
ent investigation was undertaken to obtain a 
quantitative evaluation of the association be- 
tween ^-hydroxybenzoic acid esters and Tween® 
80', for the purpose of relating this possible inter- 
action to the reported inhibition of the preserva- 
tive. 

Higuchi and Lach (15) and Guttman and 
Higuchi (1C) demonstrated the tendency of 
phenols to form molecular complexes with poly- 
ethers such as the polyethylene gl)xols. It 
would thus be expected that phenolic preserva- 
tives such as the /)-hydroxj'benzoates might form 
molecular complexes with the ethereal ox}'gen of 


* Received August 9. 1957, from the School of Pharmacy, 
Temple University, Philadelphia, Pa. 

Presented to the Fourth Pan-American Congress of Phar- 
macy and Biochemistry, Washington, D. C., November, 
1957. 

* Tween® SO is polyoxyethylene 20 sorbitan monooleate 
(Allas Powder Co., Wilmington, Del.). 


the polyoxyeth 3 dene groups of the Tween mole- 
cule. 

A convenient method for investigating a sys- 
tem of this type is an equilibrium dial 3 rsis tech- 
nique which utilizes a membrane that permits 
free passage of the />-hydrox 3 "benzoate, but is 
impermeable to the macromolecule. At equilib- 
rium the activity of the ^-h 3 'droxybenzoate will be 
identical on both sides of the membrane, and for 
reasonably dilute solutions it may be assumed 
that the concentration of free /)-hydrox 3 ’’benzoate 
on both sides of the membrane will be essentially 
equal. Thus, by placing the macromolecule on 
one side of the membrane and determining the 
concentration of ^-hydroxybenzoate on the op- 
posite side of the membrane, it is possible to de- 
termine the concentration of free or unbound 
preservative in equilibritun with the macro- 
molecule. It is to be expected that the effective- 
ness of the preservative in the presence of the 
macromolecule might parallel the concentration 
of free ^-hydrox 3 'benzoate. It should perhaps be 
noted that the dialysis method permits an esti- 
mation of the degree of binding should the asso- 
ciation be due to the postulated complex forma- 
tion or to some other mechanism such as prefer- 
ential solubility of the preservative within a 
micelle. 

EXPERIMENTAL 

Reagents. — Recrystallized methyl />-hydrox 3 'ben- 
zoate,* m. p. 125-126°; recrystallized propyl p- 
h3’droxybenzoate,5 m. p. 94-95°; Tween® 80, a 
commercial sample. 

Selection of the Dialysis Membrane. — Bags 
fashioned from Visking cellulose casing were origi- 
nally investigated for use as dialy-sis membranes; 
but they were found to be unsatisfactory, since 
they were not impermeable to the Tween.® The 


• Methyl Parasept,® Purified, supplied through the cour- 
tesy of Heyden Newport Chemical Corporation, New York 

* Propyl Parasept®, Purified, supplied through the courtesy 
of Heyden Newport Chemical Corporation, New York, 
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presence of Tween® on both sides of the membrane 
was readily detected both by the foaming tendency 
of the solution upon agitation, and by the white, 
oil}' precipitate formed when a small quantity of 
the Tween® solution was added to a 5% aqueous 
solution of phenol. 

A thin nylon membrane'* was found to be highly 
satisfactory, since it proved to be permeable to the 
p-hydroxybenzoate and impermeable to the macro- 
molecule. In the course of the investigation it was 
found that the nylon membrane had a tendency to 
bind the /)-hydroxybenzoate, but this binding was 
readily accounted for in the calculations. 

Dialysis Method.^ — The dialysis membrane was 
employed in the form of small nylon sacks which 
were made as uniform in size as possible. Into 
each bag was placed 20 ml. of an aqueous solution 
of the preservative, and the bag was then tightly 
closed by knotting the open end. Each nylon bag 
was then placed in a 'wide-mouth, ground-glass 
stoppered bottle containing 20 ml. of the Tween® 80 
solution. The bottles were then stoppered tightly 
and agitated for fifteen hours at 30°. Where very 
high concentrations of paraben were desired it was 
necessary to add additional solid paraben to the ex- 
ternal solution. 

Samples containing only purified water as the ex- 
ternal solution were also included to verify attain- 
ment of equilibrium and to provide data on the 
binding of the preservative by the nylon membrane. 

After equilibration, samples were removed from 
the external solution and the concentration of p- 
hydroxybenzoate was determined spectrophotomet- 
rically at a wavelength of 255 mti. It was found 
that the concentration of p-hydroxybenzoate out- 
side the bag could be satisfactorily determined 
either by a direct spectrophotometric analysis or by 
calculation after correcting for the amount of para- 
ben bound by the nylon. 

Solubility Method. — The solubility of methyl p- 
hydroxybenzoate was studied by placing an excess 
of the ester (0.25 Gm.) in rubber capped vials con- 
taining 10 ml. of Tween® 80 solution. The vials 
were then agitated for forty-eight hours at 27°, and 
the concentration of methyl p-hydroxybenzoate in 
solution was determined spectrophotometrically. 
It was found that the Tween® did not interfere with 
the spectrophotometric assay. The samples were 
diluted with water many fold before the spectro- 
photometric determinations were performed, and 
the absorption curve for the paraben in these ex- 
tremely dilute Tween® solutions was identical to 
that in distilled water. 

RESULTS AND DISCUSSION 

Binding of Methyl p-Hydroxybenzoate by Nylon. 
— In the course of the investigation it was found that 
even when the system consisted only of the p-hy- 
droxybenzoate, purified water, and the nylon mem- 
brane, the total quantity of p-hydroxybeuzoate 
found in solution at equilibrium was less than that 
added to the system. This discrepancy -was at- 
tributed to binding of the p-hydroxybenzoate by 
the nylon membrane and was found to be a revers- 
ible binding which is dependent on both the size of 


* Supplied through the courtesy of Youngs Rubber Cor- 
poration, New York. 


the nylon membrane and the concentration of free 
paraben. By keeping the size of the dialysis bags 
constant throughout the experiment, the p-hydroxy- 
benzoate bound by the nylon was a function only of 
the concentration of free p-hydroxybenzoate. These 
data are illustrated in Fig. 1. 



Fig. 1. — Binding of methyl p-hydroxybenzoate by 
tlie nylon membrane as a function of the concen- 
tration of free methyl p-hydroxybenzoate in water 
at 30°. 


The binding of the paraben by the nylon is not 
unusual when the protein-like nature of the nylon 
is considered. Kostenbauder and Higuchi (17, 18) 
demonstrated that amides form molecular com- 
plexes in aqueous solution with certain organic com- 
pounds which act as proton donors, and it is prob- 
able that a similar Interaction occurs between the 
phenolic preservative and the amide groups of the 
nylon. 

The possibility of the surfactant being bound by 
the nylon membrane was not investigated, since it 
was assumed that any Tween® bound by the nylon 
would be negligible in comparison to the relatively 
high concentrations of Tween® added to the system. 
The validity of this assumption was confirmed by 
the solubility studies. 

Dialysis Study of the Interaction Between 
Methyl p-Hydroxybenzoate and Tween® 80. — The 
degree of binding of methyl p-hydroxybenzoate by 
Tween® 80 was determined as the difference be- 
tween the total amount of p-hydroxybenzoate ad- 
ded to the system and the p-hydroxybenzoate found 
at equilibrium as free p-hydroxybenzoate and p- 
hydroxybenzoate bound to the nylon membrane. 
The concentration of free p-hydroxybenzoate was 
determined spectrophotometrically in the internal 
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solution, and the /)-hydroxybenzoate bound to the 
nylon was determined from Fig. 1. 

Let Ft = total ^-hydroxybenzoate added, P» = 
p-hydroxybenzoate bound to Tween®, P„ = p- 
hydroxybenzoate bound to nylon, P/ = free p- 
hydroxybenzoate inside = free ^-hydroxybenzoate 
outside, then Fb — Pi — {^P f + Pn)- 

An alternative method is to determine directly 
the concentration of /)-hydroxybenzoate in solution 
outside the bag and the concentration of free p- 
hydroxybenzoate inside the bag. Then the p- 
hydroxybenzoate bound by the Tween® is the dif- 
ference between the concentration outside and the 
concentration inside. The two methods were in 
excellent agreement over the concentration range 
employed. 

Figure 2 shows the binding of methyl ^-hydrox 5 -- 
benzoate by Tween® 80 as a function of both 
Tween® 80 concentration and free methyl p-hy- 
droxybenzoate concentration. Figure 3 indicates 



Fig. 2. — Binding of methyl p-hydroxybenzoate by 
Tween® 80 at 30°. A— 3% (W/V) Tween® 80; 
B— 5% (W/V) Tween® 80; C— 10% (W/V) 
Tween® 80. 


that the ratio, r, of total p-hydroxybenzoate in solu- 
tion to the concentration of free p-hydroxj-benzoate 
is a function of the concentration of Tween® SO. 
It is evident from tliese data that there is consider- 
able interaction occurring between the presenrative 
and the surfactant. At a concentration of 5% 
Tween® SO only 22% of the total paraben present 
exists as free paraben, and at a concentration of 10% 
Tween® SO only 12% of the total paraben exists as 
free paraben. The data illustrated in Fig. 3 facili- 


tate the determination of the quantitj’ of preserva- 
tive which must be added to a system containing a 
known concentration of Tween® 80 in order to have 
the desired concentration of free presenrative. Mul- 
tiplj’ing the desired concentration of free methjd p- 
hydroxybenzoate by the appropriate r value gives 
the concentration of total methyl p-hj'droxyben- 
zoate which must be employed. 



Fig. 3 . — A plot showing the ratio, r, of total 
methjd p-hydroxybenzoate to free methyl p- 
hydroxy benzoate, at 30°, in aqueous solutions con- 
taining varying concentrations of Tween® 80. 
O — Concentration of methyl p-hydroxybenzoate 
on each side of the membrane would be 3.84 X 
10~’ molar in absence of Tween® 80; • — concen- 
tration on each side of membrane would be 6.24 
X 10"“ molar in absence of Tween® 80. 


Figure 4 is a Langmuir-type plot of the binding of 
methjd p-hydroxybenzoate by three arid five % 
solutions of Tween® 80. The data are plotted in 
this manner to obtain the limiting binding capacity 
of the Tween® unit at infinitely high methyl p- 
hj'droxybenzoate concentration. The V-intercept 
is the reciprocal of the limiting quantity of methyl p- 
hydroxybenzoate bound per gram of Tween® 80. 
This graph is of particular interest in the present 
investigation, since the existence of the F-intercept 
suggMts that complex formation is a factor in the 
binding of the preservative by the macromolecule. 
If tlie sole interaction in the system had been a par- 
titioning of the preservative into a micelle, the ex- 
pected curve would be a straight line through the 
origin. 

The F-intcrcept in Fig. 4 indicates that the limit- 
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ing binding capacitj^ of the Tween® 80 is approxi- 
mately 0.004 moles of methj'l p-hj'droxybenzoate 
per gram of Tween® 80. Using the method de- 
scribed by Schonfeldt (19, 20), and employing Poly- 
ethylene Glycol 4000^ and Polyethylene Glycol 
6000^ as standards, the polyoxyethylene content of 



( 1 

Vm/l free paraben. 


Fig. 4. — Langmuir-type plot to determine the 
limiting quantity of methyl ^-hydroxybenzoate 
bound by Tween® 80 in infinitely high methyl 
/>-hydroxybenzoate concentration. • — 3% (W/V) 
Tween® 80; 0—5% (W/V) Tween® 80. 


the Tween® 80 was approximated as 0.016 polyoxy- 
ethylene groups per gram of Tween® 80. These 
results would correspond to a limiting ratio of 1 
mole of bound methyl J)-hydroxybenzoate for each 4 
polyoxyethylene units of the Tween® 80. All data 
were obtained using a single lot of Tween® 80. 

Dialysis Study of the Interaction between Propyl 
p-Hydroxybenzoate and Tween® SO.- — Figure 5 
show's the’ binding of propyl /’-hy'droxybenzoate as 
a function of Tween® 80 concentration. The inter- 
action of the propyl ester with nylon was not studied ; 
therefore, the degree of binding by the Tween® was 
determined by direct analysis of the solution on both 
sides of the membrane. Comparison of Figs. 3 and 
5 indicates that propyl /^-hydroxj'benzoate has 
greater affinity for Tween® 80 than has the methyl 
ester. At a concentration of 5% Tween® 80 only 
4.5% of the total propyl />-hydroxybenzoate was 
found to exist in the unbound form. 

Solubility Study. — Figure 6 illustrates the solu- 
bility of methyl />-hydroxybenzoate as a function of 


* Carbowar® 4000 and Carbowax^ COOO, respectively. 
Union Carbide Chemicals Co., New York. 



Fig. 5. — Ratio, r. of total propyl p-hydroxyben- 
zoate to free propyl /)-hydroxybenzoate, at 30°, as 
a function of Tween® 80 concentration. Concen- 
trations of free propyl /)-hydroxybenzoate in this 
study were within the range of 1.58 X 10 molar 
at 2% Tween® 80 to 0.50 X 10“’ molar at 8% 
Tween® 80. 



01234 50789 10 


TWEEN 80 (% W/V) 

Fig. 6. — Solubility of methyl p-hydroxybenzoate 
in water at 27° as a function of Tween® 80 concen- 
tration. 
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Tween® 80 concentration The solubility deter- 
minations were made at a temperature of 27°. since 
at 30° a saturated solution of methyl /(-hydroxy- 
benzoate in some concentrations of Tween® 80 re- 
sulted in the formation of a white, oily precipitate 
(21) which was not readily filterable 
Figure 7 was obtained by treating the solubility 
data in the same manner as the dialysis data. In 
the solubility study, the free /)-hydro\ybenzoate 
concentration was a constant corresponding to the 



Fig 7 — Ratio, r, of total methyl ^-hydroxyben- 
zoate to free methyl />-hydroxybenzoate obtained 
from the solubility study illustrated in Fig. 6. 


water solubility of the paraben; and the concentra- 
tion of bound paraben was obtained as the differ- 
ence between the total paraben in solution and the 
free paraben concentration Comparison of Figs. 
3 and 7 indicates that the values obtained for the 
slope in the solubility and dialysis studies are in 
fairly good agreement This suggests that the solu- 
bilization of the methyl />-hydro\ybenzoate aud the 
binding as determined in the dialysis studies can 
probably be attributed to the same mechanism 
This agreement betneen the solubility study and 
the dialysis study also supports the validity of the 
assumption that any binding of Tween® by the 
nylon membrane can be neglected in the dialysis 
studies. 


SUMMARY 

1. The interaction of the methyl and propyl 
esters of ^-hydroxybenzoic acid with Tween® 
80 has been studied quantitatively by means of a 
dialysis method employing a semipermeable ny- 
lon membrane. 

2. A relatively high degree of interaction has 
been obsen^ed, and the binding has been found 
to be a function of both the concentration of un- 
bound ^-hydroxybenzoate and the concentration 
of Tween® 80. At a concentration of five per 
cent Tween® 80 only 22 per cent of the total 
methyl /)-hydroxybenzoate and 4.5 per cent of the 
total propyl /)-hydroxybenzoate are present as un- 
bound preservative. 

3. A study of the solubility of methyl p- 
hydroxj'benzoate in aqueous solutions of Tween® 
80 indicated that the mechanism of the binding 
observed in the dialysis studies is probably the 
same mechanism which is responsible for the 
solubilization of the preservative by the Tween®. 

4. The data obtained in this study facilitate 
calculation of the quantity of methyl or propyl 
^-hydroxybenzoate which must be added to a 
system containing a known concentration of 
Tween® 80 in order to have the desired concen- 
tration of unbound preserx'ative. 
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The In Vitro Antibacterial Activity of Essential Oils 
and Oil Combinations* 

By JASPER C. MARUZZELLA and PERCIVAL A. HENRY 

The in vitro antibacterial activity of thirty-five volatile oils, five fixed oils, five infused 
oils, and ninety-five combinations of these oils was ascertained using the filter paper 
disk method. The oils and oil combinations were tested against five bacteria. 
Eucalyptus, cinnamon, and origanum red exhibited the greatest antibacterial activ- 
ity while the volatile oils of cedar wood and myrrh as well as all of the fixed and in- 
fused oils were found to possess no activity. The Gram-positive bacteria were more 
susceptible to the volatile oils than the Gram-negative. Of the ninety-six combina- 
tions of oils only three were found to exhibit greater antibacterial activity as com- 
pared with each oil used separately. The three combinations of volatile oils which 
showed this enhancement of antibacterial activity were: eucalyptus-cinnamon- 
dwarf pine needle, eucalyptus-cinnamon-juniper berries, and eucalyptus-cinnamon- 
niaouli. When fixed or infused oils were added to volatile oils the antibacterial ac- 
tivity of the latter was markedly diminished. 


^ I ‘he majority of the testing for the antibac- 
terial action of oils and their constituents has 
been performed with the well-known phenol co- 
efficient method (1-11). Using this method it 
was found that emulsified mixtures of two or 
more oils increased the bactericidal efficiency as 
compared with each principle used separately 
(12). Recently the filter paper disk method has 
been employed to measure the antibacterial 
activity of oils (13, 14). The present investiga- 
tion is concerned with the in vitro antibacterial 
activity of oils with special consideration to mix- 
tures of two or more oils in order to ascertain 
whether antibacterial activity would be en- 
hanced or diminished. 

MATERIALS AND METHODS 

The detection of the antibacterial activity of vari- 
ous volatile oils, fixed oils, and infused oils in addi- 
tion to mixtures of two or more volatile oils, volatile 
and fixed oils, and volatile and infused oils was stud- 
ied on growing cultures of five organisms. The or- 
ganisms used were: Salmonella typlwsa, Micrococcus 
citreus, Proteus morgani, Bacillus brevis, and Mi- 
crococcus pyogenes var. albus. Thirty-six hour cul- 
tures of these organisms were grown in nutrient 
broth (Difco). Stock cultures were maintained on 
fresh nutrient agar slants and subcultured every 
seven days. 

The method used for determining the presence or 
absence of antibacterial activity was a slight modi- 
fication of Vincent’s (15) qualitative filter paper disk 
diffusion plate method. In this method small sterile 
disks (12.5 mm. diameter) of filter paper were 
thoroughly saturated with the oil or oil mixture and 
then placed on nutrient agar (Difco) plates which 
had been previously seeded with 2 cc. of a thirty-six 
hour nutrient broth culture of the organism. All 
dishes were conducted in triplicate with two or three 
disks per dish. The measurement of each zone of in- 
hibition represents a mean value of a minimum of six 


* Received June 1, 1957, from Long Island University, 
Biologj' Department, Brooklyn, N. V. 


recordings. All dishes were incubated at 37° for 
twenty-four hours. The presence of a zone of 
inhibition of any size surrounding the paper disk 
indicated antibacterial activity. The zone of inhi- 
bition was measured to 0.5 mm. by means of a metric 
ruler and an illuminated Quebec bacteria colony 
counter. 

As the oils arrived at the laboratory they were 
placed into sterile bottles and tested for sterility by 
streaking on nutrient agar slants and incubated at 
37° for one to three days. All of the oils used were 
found to be free of bacteria. Oil combinations 
were prepared by adding the appropriate quantity to 
one another and mixing thoroughly in a sterile bottle. 

RESULTS AND DISCUSSION 

From Table I it may be observed that of the thirty- 
five volatile oils tested, thirty-three were found to 
have antibacterial activity on at least one of the 
five organisms employed. Volatile oils of cedar 
wood and myrrh were found to have no activity. 
The five fixed oils, castor, cod liver, vitamin Ki, 
olive, and white mineral, and the five infused oils, 
asafetida, burdock, henbane, lobelia, and mullein, 
were found to possess no antibacterial activity. 
The effect of the volatile oils against each organism 
was found to be of the following order (figures indi- 
cate the sum of the zones of inhibition caused by the 
oils): M. citreus, 174 mm.; B. brevis, 168 mm.; 
Micrococcus pyogenes var. albus, 102 mm.; P. mor- 
gani, 63 mm.; and S. typhosa, 48 mm. Therefore 
the volatile oils are more effective against Gram- 
positive bacteria than against Gram-negative. This 
is in agreement with the work of Turkheim (13) and 
Maruzzella and Lichtenstein (14) who likewise found 
volatile oils to be more effective against Gram-posi- 
tive bacteria. Furthermore the latter investiga- 
tors also obtained negative results with fixed and in- 
fused oils on bacteria. It may also be observed from 
Table I that the volatile oils showing the greatest 
sum total of zones of inhibition were: eucalyptus, 
cinnamon, and origanum red. 

Table II shows the results obtained on bacteria 
with 47 combinations of two volatile oils (1:1), 16 
combinations of three volatile oils (1:1:1), 28 com- 
binations of volatile and fixed oils (1:1), and five com- 
binations of volatile and infused oils (1:1). With 
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Table I —Inhibitory Activity of Oils 


— Zone of Inhibition, mm® — * 
S M. P B M 


iy~ ct- tnor- bre~ al- 


Volatile Oils 

phosa 

treus 

gam 

VIS 

bus 

Sumt 

Amber, Rect 

Oc 

2 

0 

2 

2 

6 

Anise 

0 

3 

0 

4 

2 

9 

Bay 

0 

7 

3 

3 

3 

16 

Bergamot 

4 

7 

0 

fi 

3 

20 

Cajuput 

0 

10 

0 

11 

5 

26 

CaraM ay 

0 

10 

0 

5 

3 

18 

Cedar Wood 

0 

0 

0 

0 

0 

0 

Chenopodium 

0 

'i 

3 

3 

3 

14 

Cinnamon 

0 

11 

8 

12 

10 

41 

Clove 

0 

3 

0 

3 

2 

8 

Cubeb 

0 

0 

0 

2 

0 

2 

Dwarf Pine 
Needle 

3 

3 

5 

3 

3 

17 

Eucalyptus 

5 

10 

10 

12 

8 

4) 

Geranium 

Algenan 

o 

12 

2 

5 

2 

23 

Hemlock 

1 

0 

o 

0 

0 

3 

Juniper Berries, 
Rect Dutch 

5 

2 

9 

2 

3 

21 

Juniper Tar 

0 

10 

0 

2 

3 

15 

Lemon 

0 

0 

0 

13 

0 

13 

Myrrh 

0 

0 

0 

0 

0 

0 

Neroli 

5 

3 

4 

10 

3 

25 

Niaouli 

0 

10 

0 

10 

3 

29 

Origanum Red 

0 

15 

0 

15 

10 

40 

Peppermint 

5 

0 

0 

5 

2 

12 

Petitgram 

Paraguay 

3 

0 

3 

4 

2 

12 

Pimento 

0 

10 

0 

4 

3 

17 

Pinus Sylvestris 

8 

5 

0 

G 

5 

24 

Rectified Tar 

0 

10 

0 

0 

6 

16 

Rosemary 

5 

7 

0 

5 

G 

23 

Sandalwood 

0 

3 

0 


2 

7 

Sassafras 

0 

3 

0 

3 

2 

8 

Spike Lavender 

0 

5 

0 

5 

3 

13 

Sweet Birch 

0 

0 

0 

2 

0 

2 

Sweet Orange 

0 

0 

0 

2 

0 

2 

Turpentine 

2 

3 

8 

4 

3 

20 

Wmtergreen 

0 

5 

0 

3 

0 

8 


® Measurement from disk edge to zone edge 
h Sum of zones of inhibition for each oil 
< Zone of inhibition absent 


Table II — Inhibitory Activity op Combinations of Oils 


/ — Zone of Inhibition, mm ° — . 



5 


P 

B 



Oil 

ly- 

ct 

wor- 

bre- 

al’ 


Combinations 

phosa 

treus 

gam 

vts 

bus 

Sura& 


Volatile (1 1) 




Anise Clo\ e 

Oc 

3 

0 

4 

2 

9 

Anise Hemlock 
Chenopodium* 

0 

3 

0 

4 

2 

9 

Cedar Wood 

0 

10 

0 

n 

7 

31 

Cinnamon Clo\e 

0 

10 

0 

10 

10 

30 

Cinnamon Cubeb 
Cinnamon-Dwarf 

0 

10 

0 

13 

10 

33 

Pine Needle 
Cinnamon- Juni- 

0 

15 

0 

15 

5 

35 

per Bernes 
Cinnamon- 

0 

10 

0 

15 

5 

30 

Niaouli 

Cinnaraon-Pinus 

0 

10 

0 

11 

10 

31 

Sylvestris 

Cinnamon- 

0 

10 

0 

12 

3 

25 

Sandalwood 
Cinnamon Sweet 

0 

10 

0 

12 

5 

27 

Birch 

Cinnamon- 

0 

7 

0 

10 

3 

20 

Turpentine 
Cubeb Cedar 

0 

10 

0 

15 

14 

39 

Wood 

Cuheb-Dwarf 

0 

0 

0 

1 

0 

1 

Pine Needle 
Cubeb- Jumper 

3 

o 

4 

3 

2 

14 

Berries 

Cubeb Pinus 

3 

o 

5 

2 

3 

15 

S>1\ cstris 

Dwarf Pine 

2 

3 

0 

2 

1 

8 

Needle Cedar 
Wood 

3 

o 

4 

2 

2 

13 

Cucnl\ ptus Anise 
nucal> ptus 

0 

5 

0 

5 

6 

15 

Cajuput 

Eucalyptus- 

0 

4 

0 

12 

5 

21 

Ccdar Wood 
Eucalpj tus- 

3 

5 

0 


5 

18 

ChenoiKidium 

0 

9 

0 

8 

6 

23 


Table II (Conttnurd) 


/ — Zone of Inhibition, mm ® ^ 


Oil 

S 

ty- 

M 

Cl- 

P 

inoT’ 

B 

bre- 

M 

al- 


Combinations 

phosa 

treus 

gam 

vis 

bits 

Suml> 

Fucalyptus 

Cinnamon 

0 

12 

0 

15 

15 

42 

Fucalyptus 

CIo\ e 

0 

5 

0 

5 

5 

15 

Eucalyptus 

Cubeb 

5 

5 

4 

5 

6 

25 

Eucalyptus- 
Dwarf Pine 
Needle 

S 

10 

0 

8 

6 

32 

Eucalyptus 

Jumper Bernes 

S 

9 

0 

10 

5 

32 

Eucalyptus 

Myrrh 

3 

5 

0 

5 

3 

16 

Eucalyptus- 

Niaouli 

0 

8 

0 

12 

5 

25 

Eucalyptus Pinus 
Sylvestns 

7 

10 

0 

15 

3 

35 

Eucalyptus- 

Rosemary 

9 

8 

0 

10 

9 

36 

Fucalpytus- 

Sandalwood 

3 

5 

5 

4 

5 

22 

Eucalyptus- 
Sweet Orange 

7 

5 

0 

6 

4 

22 

Eucalyptus- 

Wintergreen 

0 

5 

0 

5 

5 

15 

Jumper Bemes- 
Cedar Wood 

2 

0 

3 

2 

2 

9 

Jumper Bernes- 
Dwarf Pine 
Needle 

2 

2 

7 

2 

2 

15 

Niaouli Clove 

0 

5 

0 

4 

3 

12 

Niaouti-Cubeb 

0 

2 

3 

3 

1 

9 

Niaouli-Pmus 

Sylvestns 

0 

8 

0 

12 

7 

27 

NiaouU-Rectified 

Tar 

0 

C 

0 

6 

4 

16 

Niaouh-Sweet 

Birch 

0 

4 

0 

4 

3 

11 

Niaouli'Winter- 

Kreen 

0 

3 

0 

4 

3 

10 

Peppermint- 

Pimento 

0 

4 

0 

3 

3 

10 

Turpentine Clove 

3 

5 

0 

1 

4 

16 

Turpentine- 

Hemlock 

0 

0 

4 

2 

3 

9 

Turpentine- 
Jumper Bernes 

3 

2 

9 

2 

3 

19 

Turpentine- 
Onganum Red 

0 

10 

0 

0 

8 

IS 

Turpentme- 

Wintergreen 

0 

5 

0 

4 

3 

12 

Cedar Wood- 
Cubeb-Bay 

Volatile (1 

0 3 

1 1) 

2 

3 

2 

10 

Eucalyptus- 

Chenopodium- 

Anise 

0 

5 

0 

3 

4 

12 

Eucalyptus- 
Chenopodiura- 
Cedar Wood 

4 

0 

0 

4 

5 

19 

Eucalyptus 

Chenopodmm- 

Hemlock 

5 

6 

0 

5 

4 

20 

Eucalyptus- 

Chenopodiura- 

Peppermmt 

3 

5 

0 

4 

3 

15 

Eucalyptus 

Cinnamon- 

Clove 

0 

4 

3 

4 

3 

14 

Eucalyptus 
Cinnamon- 
Dwarf Pine 
Needle 

S 

11 

0 

15 

18 

51 

Eucalyptus- 
Cionamon- 
Jumper Berries 

10 

12 

0 

17 

19 

58 

Eucalyptus- 

Cinnamon- 

Niaouh 

7 

11 

0 

15 

15 

51 

Fucalyptus- 

Cmnamon- 

Rosemary 

0 

5 

3 

0 

4 

IS 

Sassafras- 

Onganum Red- 
Chenopodiura 

0 

5 

3 

3 

3 

14 

Turpentine- 

Geranium 

Algenan- 

Rosemary 

0 

5 

3 

0 

5 

19 

Turpentine- 

Neroli 

Geranium 

Algenan 

0 

2 

2 

3 

5 

12 
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Tapi f II (Conlinned) 



— Zone of Inhibition, ram 




S 

1/ 

P 

B 

1/ 


Oil 

h 

Cl 

wor- 

bre- 

al 


Combinations 

Wmtergreen 

phosa 

treus 

gam 

tis 

bus 

Sum& 

Sweet Birch- 
Lemon 

0 

2 

0 

2 

0 

4 

Wmtergreen- 







Sweet Orange- 
Sassafras 

0 

4 

0 

1 

0 

7 


Volatile and Fixed (I 1) 



Castor-Cedar 

Wood 

Castor- 

0 

0 

0 

0 

0 

0 

Eucalyptus 

0 

.") 

0 

( 

fi 

14 

Castor- 

Onganum Red 
Castor- 

0 

2 

0 

i 

0 

fj 

Turpentine 

Cod Ln er- 

0 

0 

0 

! 

0 

' 

Cedar Wooil 

Cod Liver 

0 

0 

0 

n 

0 

0 

Eucalyptus 

0 

J 

0 

4 

7 

in 

Cod I iver- 

Origanum Red 
Cod Liver 

0 

3 

0 

4 

.3 

10 

Turpentine 
OUve- Amber, 

0 

0 

0 

2 

2 

4 

Rect 

0 

0 

0 

2 

0 

2 

Olive-Bay 

0 

2 

0 

3 

3 

8 

OIive-Bergamot 

0 

1 

0 

2 

2 

5 

Olive- Cajuput 

0 

.5 

0 

4 

5 

14 

Olive-Caraway 
Olive Cedar 

0 

0 

0 

2 

0 

2 

Wood 

Olive-Cheno- 

0 

0 

0 

0 

0 

0 

podium 

n 

2 

0 

3 

0 

5 

Olive-Cloi e 

0 

3 

0 

2 

2 

7 

Olive-Eucalvptus 

Olive-Juniper 

0 

0 

0 

4 

8 

17 

Tar 

Ohve Origanum 

0 

2 

0 

2 

2 

G 

Red 

0 

4 

0 

5 

2 

tl 

Olive- Peppermint 

0 

0 

0 

2 

6 

4 

Olive-Sassafras 

0 

0 

0 

T 

0 


OUve-Turpentine 

Ohve- 

0 

2 

4 

i 

0 

7 

Wmtergreen 
Vitamin Ki- 

0 

0 

0 

0 

0 

0 

Eucalyptus 

0 

7 

10 

4 

6 

27 

White ^Il^e^al- 
Cedar Wood 
White Mineral- 

0 

0 

0 

0 

0 

0 

Eucalyptus 
White Mineral- 

0 

7 

0 

5 

7 

19 

Onganum Red 
White Mineral- 

0 

7 

0 

8 

0 

15 

Turpentine 

0 

2 

6 

2 

3 

1.3 

Volatile and Infused (1 

1) 



Asafeti'da- 







Eucalyptus 

Burdock- 

0 

3 

3 

3 


14 

Eucalyptus 

Henbane- 

0 

3 

5 

2 

5 

15 

Eucalyptus 

I obeha- 

0 

6 

5 

5 

5 

21 

Eucalyptus 

Mullein- 

0 

5 

7 

5 

5 

22 

Eucalyptus 

0 

G 

3 

3 

5 

17 


“ Measurement from disk edge to zone edge 
h Sum of zones of inhibition for each oil. 

^ Zone of inhibition absent 


the combinations of two volatile oils none were 
found to enhance antibacterial activit 3 ’. Two com- 
binations, anise-clove and anise-hemlock, were found 
to have the same effect as anise used alone. The 


remaining 45 mixtures of two volatile oils showed a 
decrease in antibacterial activity as compared to 
each oil used separately. With the combinations of 
three volatile oils the following mixtures were found 
to exhibit greater antibacterial activity as compared 
to each oil used separately (compare Tables I and 
II); eucalyptus-cinnamon-dwarf pine needle, eu- 
cab'ptus-cinnamon-juniper berries, and eucalyptus- 
cinnamon-niaouli. The remaining combinations of 
three volatile oils were found to produce a decrease 
in antibacterial activity. All mixtures of volatile 
with fixed oils and volatile with infused oils resulted 
in a marked decrease in the antibacterial activity of 
the volatile oil. 

The mechanism of action of the antibacterial 
activitj' of volatile oils is not known but some clues 
are given by the work of Gal’perin and Dunacva 
(1C, 17). These investigators found that many vola- 
tile oils produced arresting effects on dehi'drogena- 
ses of paramecia and helminths. This may also be 
true of bacteria. 

The reason why most oil combinations result in a 
decrease in antibacterial activity is liketvise un- 
known Perhaps a loss of power of diffusion would 
explain this phenomenon. Indeed this would seem 
to be true for mixtures of volatile oils with fixed and 
infused oils. Furthermore it would not be unrea- 
sonable to assume that fix'ed and infused oils might 
coat the active constituents of the volatile oils ren- 
dering them inactive to the bacterial enzymes. In 
the work of Miller (12) mixtures of volatile oils were 
found to enhance bactericidal power by killing the or- 
ganisms in a shorter period of time. With the 
method used in this investigation enhancement of 
antibacterial power was indicated by an increase 
in the size of the zone of inhibition produced at a 
fixed period of time. With these different methods 
it is possible to obtain divergent results. 
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Comparative Dissolution Rates of Weak Acids and 

Their Sodium Salts* 

By EINO NELSON 


The dissolution rates of several weak acids and their sodium salts were studied in 
mediums representing gastrointestinal fluids with respect to_ pH. Marked differ- 
ences existed between dissolution rates of acids and their sodium salts; the sodium 
salts always dissolved much more rapidly than the free acid. The experimental 
method was based on solution by free convection and an expression was derived to 
express dissolution rate from a circular plate suspended vertically in dissolution 
medium as a function of the variables involved. The validity of the expression was 
shown for sodium chloride dissolving in water. The significance of the results in 
acid-salt rate studies to oral administration of drugs was discussed. 


T T WAS SHOWN in some recent work that marked 

differences existed in tlie rate uath which 
several amine and alkanolamine salts of the weak 
acid theophylline dissolved (1). It was suggested 
that these differences were related to theophylline 
blood levels after oral administration of the salts 
in clinical studies. It was also shown that all 
salts dissolve'd more rapidly than the free acid 
in a pH range representing those likely to be 
encountered by drug after oral administration. 
In this pH range, the rates of solution of both the 
free acid and the salts were relatively independent 
of medium 

The differences in rate obsen'ed between the 
salts and between any salt and the free acid were 
attributed to the properties of the diffusion layer 
which surrounds a dissolving solid. The pH of 
the diffusion layer surrounding a salt of a weak 
acid, if the salt is a highly water-soluble compormd 
will be relatively independent of dissolution 
medium pH and this property will exert a strong 
influence on rate of solution. Generally speak- 
ing, rate will increase with diffusion layer pH 
since concentration increases with this quantity 
but otlier factors are also involved. 

In view of the above, a marked difference 
should exist in tlie rate with which the sodium 
and potassium salts of weak acids ^ssolve in 
comparison to the free acids. The work now' 
reported was conducted to determine tlie com- 
parative solution rates for several weak acids and 
their sodium salts in mediums representing gas- 
trointestinal fluids with respect to pH. Another 
purpose of tlie work was to develop a technique for 
studying dissolution rate witliout requiring an 
assay method for the dissolving specie. 

* Uccc>\ ed June 0, 1957 from t!ie School of Pharmacy, 
Unucrvitj of Cahforuia Mcdjcal Center, San Prancisco 22, 
Califurnia 


EXPERIMENTAL 


Theory of the Method. — Dissolution rate was 
studied by a method in which free convection, dif- 
fusion coefficient and concentration in the diffusion 
layer were the rate determining factors. An expres- 
sion to relate average rate per unit area from a two 
dimensional rectangular surface, suspended verti- 
cally in dissolution medium, with the several param- 
eters involved in the process has been previously 

described (2). This expression, describes mean rate 
per unit area in terms of diffusion coefficient D, 
concentration in the diffusion laj’er Cs, height of the 
rectangular plate H, viscosity of the diffusion layer 
V, difference in density between the diffusion laj'er 
and the medium Ap, gravitational constant g and 
density of the medium po (all terms in cgs units). 
The correctness of this expression to describe rate 
of dissolution of thin plates of sodium chloride in 
water was established (2). 

The test specimens used in the present work were 
thin compressed circular pellets of several weak 
acids and their sodium salts mounted in a manner 
such as to allow vertical suspension in dissolution 
medium. The dissolution rate observed from a 
circular surface should also be a mean rate since 
rate varies with height of infinitesimally thin ver- 
tical sections across the surface. This mean rate 
should be expressible by the mean value of equation 
1 after relating the quantity H to an appropriate 
variable. The quantity H may be expressed as a 
function of r and B, where r is the radius of the cir- 
cular surface; the quantity 6 is the angle between a 
horizontal line through the center of the surface and 
any given radius forming the third side of a right 
triangle bounded by these two lines and a vertical 
line whose length is one-half the length of a corre- 
sponding infinitesimally thin vertical section. E.x- 
pressing H in terms of r and 0 the mean value of 
equation 1 will be given by evaluation of the fol- 
low ing expression : 


0 4G2PC. 
x/iso Sia'A 0 


Z _ 2 _ ^ 

V2r Dv Po 


) 




do 


(Eq. 2) 
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In equation 2 tlie lower limit must be taken at 
some small angle sinee the integral has no limit at 
(7 = 0. This is an academic consideration only and 
equation 2 may be integrated graphically to give 

It is seen from equation 3 that dissolution rate 
observed from a circular surface will be constant at 
constant temperature and surface area. It is implic- 
itly understood that concentration in the medium 
is always small with respect to the concentration of 
the diffusion layer. 

Preparation of Test Samples. — The test pellets 
were prepared from powdered samples of the weak 
acids and their sodium salts by compressing in a 
Vs-iu. die with flat-faced punches at 50,000 psi. 
The compressions were made in a Carver press 
modified to allow compression using standard tablet 
machine punches and dies. The die wall and punch 
faces were lubricated with a slurry of magnesium 
stearate in alcohol prior to compressions. AH com- 
pounds were of USP, NF or better quality and used 
without further purification. The compounds used 
arc listed in Table I. Test pellets of sodium chlo- 
ride used to check the validity of equation 3 were 
prepared from —200 mesh analytical reagent grade 
chemical by compression in vacuum by a technique 
previously described (1). These pellets were 1.3 
cm. in diameter. In the case of weak acids and their 
sodium salts it was sometimes necessary to prccom- 
press the powders before intact pellets could be 
formed. 

The pellets prepared as described above were 
mounted flat on ccresin wax coated aluminum strips 
2 cm. wide by 4 cm. long. 


The apparent density of all pellets was dctcnuiiicd 
by micrometer measurements and weighings. 

Test Procedure for Sodium Salts. — The mounted 
pellets were suspended by means of the nylon thread 
to the suspension hook of a Sartorius Selccta balance 
in such a manner as to allow immersion of the entire 
mounting plate with specimen in 175 ml. dissolution 
medium positioned over the balance pan. The 
weight loss was followed directly on the illuminated 
0 to 100 mg. scale. No weight changes were re- 
corded until all rotational movement of the test 
pellet and its mounting had ceased. After equilib- 
rium was established, the times required for apparent 
losses of 4 or 5 mg. were noted with a stop watch. 
Readings were recorded only during the dissolution 
of the first 30 to 40 mg. since a wax wall was left 
around the undissolved part of the pellets. The 
presence of this wall was considered to cause a change 
in the flow pattern across the surface of the speci- 
mens. The apparent losses of weight multiplied 
by the ratios of the densities of the pellets to tlie 
difference between the densities of the pellets and 
mediums gave the amounts dissolved. 

The calculations involved in expressing the 
observed weight losses to the rate units of Table I 
are illustrated by the following; On the average, an 
apparent weight loss of 0.0972 mg. per sec. was 
observed for sodium benzoate dissolving in 0.1 ill 
borate buffer. The density of 0.1 M borate buffer 
at 26° was 1.018 and the apparent density of the 
sodium benzoate pellets was 1.420, Multiplying 
the apparent loss by the ratio calculdtcd from these 
densities as described gave an actual loss of 0.3390 
mg. per sec. This quantity divided by the area of 
the pellet, 1,275 sq, cm. gave a rate per unit area of 
0.2001 mg./scc.-cm.* This quantity multiplied by 
0000 to convert to hundreds of minutes gave the 
quantity listed in Table I. 


Table I. — Dlssolution Rate of Weak Acids and Their Sodium Salts in Various Buffers''''' 






Solubility 




0.1 M 

0.1 Af 

of free acid 



0.1 ^ IICI 

Phosphate 

Bornte 

Gm/b., 


Compound 

pH .= 1 5 

pH = 0.83 

pH = 9.00 

ZO® 

pKn. 2r,® 

Benzoic acid 

2.1 

14 

28 

2.9' 

4.2' 

Sodium salt 

980 

1770 

1000 



Phenobarbital 

0,24 

1,2 

22 

1.0' 

7.4/ 

Sodium salt 

-~200 

820 

1430 



Salicylic acid 

1.7 

27 

53 

2.2' 

2.98' 

Sodium salt 

1870 

2500 

2420 



Succinic acid 

2100 

310 

310 

~77' 

4.18''.' 

Sodium salt 

0000 

.3300 

2920 



Sulfathiazole 

<0.1 

~0..50 

8.5 

O.G' 

7.20" 

Sodium salt 

550 

810 

1300 




R.-ite «= mc./IOO mintitc.‘5-cm.* * Solution process Iiy irec convection, r From rclcrcncc .'t. 'I F'rorn Reference 4, « Fir.st 

hydrogen. / From Reference 5. ^ Prom Reference 0, 


Kach strip had a small hole punched near the top 
edge which allotvcd suspension by means of nylon 
sewing thread. Pellet mounting was by means of 
the coating wax and additional molten wax was used 
to cover the peripheral surface of the pellets thus 
leaving onlj’ one circular face exposed. Before use 
in tests, the pellets were carefully scraped with a 
razor blade to remove the c,xces.s wa.x from their 
edges and lubricant from their faces. 


The surface of the pellets were observed during 
tc.sts to detect the formation of air bubbles since 
their presence would indicate permeation of solvent 
into the pellets’ interstices. 

The test mediums were brought to 25° for tests 
and since the tests could be made rapidly the change 
in temperature during tests rlid not exceed 0.5°, 
The dissolution rate of sodium chloride was rleter- 
mined at 10° in water. 
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Procedure for Acids. — With the exception of suc- 
cinic acid, whose dissolution rate was studied by the 
same method as the sodium salts, all acids required 
immersion in dissolution medium maintained at 25° 
by means of a constant temperature bath. The 
mounted samples were weighed in air after equili- 
bration with the atmosphere for several days. They 
were then immersed in dissolution medium for pe- 
riods up to twenty-four hours, removed, rinsed with 
distilled water, and left to dry again in the atmos- 
phere. Essentially constant weight was reached in 
twenty-four hours drying by this method. This 
method was necessary since it was not practical to 
continuously observe the pellets for permeation of 
solvent into their interstices. The loss of weight 
was recorded and expressed in terms of the appro- 
priate rate units. 


RESULTS AND DISCUSSION 

Test of Equation 3. — The calculated value for the 
dissolution rate of sodium chloride at 16°, using the 
values for the parameters used to check the validity 
of equation 1 previously (2), was 30.4 mg./min.-cm.® 
Three determinations with compressed disks of 
sodium chloride gave values of 29.8, 30.6, and 30.1 
mg./min.-cm.^ respectively. 

Dissolution Rate of the Acids and Salts. — ^The 
rate found for the materials studied are listed in 
Table 1 along with other information of interest. 
Determinations were reproducible to within 10% 
of the mean of three or four determinations. Ob- 
servation of the pellets during and after tests gave 
no indication that disintegration occurred. 

It is strikingly apparent from examination of 
Table I that large differences existed between the 
solution rates of all acids and their sodium salts. 
Further, the difference existed when the free acid 
was a relatively w'ater-soluble compound as was the 
case with succinic acid. The increase in rate of 
dissolution of the poorly soluble free acids with 
increasing pH of dissolution medium was expected 
when their dissociation constants were large enough 
to allow for the formation of significant quantities 
of anion in the diffusion layers — particularly in the 
borate buffer. 

A decrease in rate of solution of the salts could be 
expected with increasing buffer capacity of the dis- 
solution medium. Increasing buffer capacity of the 
medium "would tend to overcome the buffer capacity 
of the salt in the diffusion layer. Conversely, an 
increase in rate of solution of the free acids could be 
expected with an increase in buffer capacity of alka- 
line dissolution mediums as was the case rvith theo- 
phylline (1). 

The absolute difference in rates betiveen acids and 
their salts was somewhat dependent on the solution 
process. This is due to the fact that flow rate across 
the face of the pellets varied in accordance with the 
density difference term in equation 3. Hence, the 
differences in rates observed here were greater than 
those ivhich would be observed were solution taking 
place under conditions where the Noyes-IVhitney 
law' described the solution rate process. 

When the salts of poorly soluble weak acids dis- 
solved in mediums that had an insignificant capac- 
ity for tlic anion and small capacity for the free 
acid, e g , 0 1 A''IICI, precipitation of free acid neces- 


sarily occurred after the diffusion layer mixed with 
solvent. The significance of this occurrence when 
considering the oral administration of therapeutically 
active weak acids as sodium salts is in the increase 
in surface area of administered material obtained in 
the stomach. This increase in surface would in- 
crease rate of solution and consequently cause an 
increase in absorption rate. This consideration w as 
no doubt a factor in explaining the higher and tlie 
more rapidly reached maximum blood levels ob- 
tained from the administration sodium aspirin in 
solution as compared to aspirin in tablets (7). 

Comments on the Significance of Solution Rate in 
Absorption of Drugs. — It is appropriate to mention 
that an understanding and knowledge of the rate of 
solution of drugs administered in solid form is of 
importance. In general, availability for absorption 
is completely dependent on drug being in solution at 
absorption sites and the rate of the solution step 
may markedly influence the rate of build-up and 
maximum level of drug reached in the fluids of dis- 
tribution. 

Absorption of drugs is commonly related to their 
solubility by many investigators in fields where the 
subject is pertinent Relating absorption to solu- 
bility is not correct Solubility refers to the maxi- 
mum amount of material that can be dissolved in a 
given volume of solvent at constant temperature in 
any time long enough to allow attainment of satura- 
tion. The absorption of drugs is a dynamic process 
and ultimate solubility of a drug in fluid at absorp- 
tion sites is of limited consequence since absorption 
prevents the attainment of saturated solutions. 
Solubility of a drug and absorption are related only 
to the extent that solubility affects solution rate 
Solution rate influences absorption rate since it is 
a preceding process In addition to solubility, 
solution rate is dependent on surface, diffusion co- 
efficient and other properties of the dissolving species 
and the solution process The condition that exists 
in the diffusion laj’er of the salts of weak acids as 
shown in the work of this paper is another considera- 
tion. It should be clear, then, that absorption is 
properly related to solution rate, not solubility. 


SUMMARY 

The dissolution rate of the sodium salts of weak 
acids is much more rapid than the free acids. 
This is true in mediums possessing hydrogen ion 
concentrations in the range of tliose encountered 
by drugs administered orally. The significance 
of solution rate in tlie administration of drugs was 
discussed. 
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In equation 2 the lower limit must be taken at 
some small angle since the integral has no limit at 
6 — 0 . This is an academic consideration only and 
equation 2 may be integrated graphically to give 

= (Eq.3) 

It is seen from equation 3 that dissolution rate 
observed from a circular surface will be constant at 
constant temperature and surface area. It is implic- 
itly understood that concentration in the medium 
is always small with respect to the concentration of 
the diffusion layer. 

Preparation of Test Samples. — The test pellets 
were prepared from powdered samples of the weak 
acids and their sodium salts bj’ compressing in a 
'/:-in. die with flat-faced punches at 50,000 psi. 
The compressions were made in a Carver press 
modified to allow compression using standard tablet 
machine punches and dies. The die wall and punch 
faces were lubricated with a slurrj- of magnesium 
stearate in alcohol prior to compressions. All com- 
pounds were of USP, NF or better quality and used 
without further purification. The compounds used 
are listed in Table I. Test pellets of sodium chlo- 
ride used to check the validity of equation 3 were 
prepared from —200 mesh analytical reagent grade 
chemical by compression in vacuum by a technique 
previously described (1). These pellets were 1.3 
cm. in diameter. In the case of weak acids and their 
sodium salts it was sometimes necessarj’ to precom- 
press the powders before intact pellets could be 
formed. 

The pellets prepared as described above were 
mounted flat on ceresin wax coated aluminum strips 
2 cm. wide by 4 cm. long. 


The apparent density of all pellets was determined 
by micrometer measurements and weighings. 

Test Procedure for Sodium Salts. — The mounted 
pellets were suspended by means of the nylon thread 
to the suspension hook of a Sartorius Selecta balance 
in such a manner as to allow immersion of the entire 
mounting plate with specimen in 175 ml. dissolution 
medium positioned over the balance pan. The 
weight loss was followed directly on the illuminated 
0 to 100 mg. scale. No weight changes were re- 
corded until all rotational movement of the test 
pellet and its mounting had ceased. After equilib- 
rium was established, the times required for apparent 
losses of 4 or 5 mg. were noted with a stop watch. 
Readings were recorded only during the dissolution 
of the first 30 to 40 mg. since a wax wall was left 
around the undissolved part of the pellets. The 
presence of this wall was considered to cause a change 
in the flow pattern across the surface of the speci- 
mens. The apparent losses of weight multiplied 
by the ratios of the densities of the pellets to the 
difference between the densities of the pellets and 
mediums gave the amounts dissolved. 

The calculations involved in expressing the 
observed weight losses to the rate units of Table I 
are illustrated by the following; On the average, an 
apparent weight loss of 0.0972 mg. per sec. was 
observed for sodium benzoate dissolving in 0.1 ill 
borate buffer. The density of 0.1 ilf borate buffer 
at 25° was 1.018 and the apparent density of the 
sodium benzoate pellets was 1.426, Multiplying 
the apparent loss by the ratio calculated from these 
densities as described gave an actual loss of 0.3396 
mg. per sec. This quantity divided by the area of 
the pellet, 1.275 sq. cm. gave a rate per unit area of 
0.2661 mg./sec.-cm.“ This quantity multiplied by 
6000 to convert to hundreds of minutes gave the 
quantity listed in Table I. 


Table I. — Dissolution Rate of Wear Acids and Their Sodium Salts in Various Buffers".'' 


Solubility 




0.1 yf 

0.1 M 

of free acid 



0.1 V HCl 

Phosphate 

Borate 

Gm/L., 


Compound 

pH = 1.0 

pH = 6.83 

pH = 9.00 

25° 

pKa, 25' 

Benzoic acid 

2.1 

14 

28 

2.9' 

4.2' 

Sodium salt 

980 

1770 

1600 



Phenobarbital 

0 24 

1.2 

22 

1.0' 

7.4^ 

Sodium salt 

~200 

820 

1430 



Salicylic acid 

1.7 

27 

53 

2.2' 

2.98' 

Sodium salt 

1870 

2500 

2420 



Succinic acid 

2100 

310 

310 

~77' 

4.18''.' 

Sodium salt 

6000 

3360 

2920 



Sulfathiazole 

<0.1 

~0.50 

8.5 

0.6' 

7.20“ 

Sodium salt 

550 

810 

1300 




° Rate — mg./lOO minutes-cm.* ^ Solution process by free convection. ® From reference 3. From Reference 4. * First 

hj'drogen. / From Reference 5. ^ From Reference G. 


Each strip had a small hole punched near the top 
edge which allowed suspension by means of nylon 
sewing thread. Pellet mounting was by means of 
the coating wax and additional molten wax was used 
to cover the peripheral surface of the pellets thus 
leaving only one circular face exposed. Before use 
in tests, the pellets were carefully scraped with a 
razor blade to remove the excess wax from their 
edges and lubricant from their faces. 


The surface of the pellets were observed during 
tests to detect the formation of air bubbles since 
their presence would indicate permeation of solvent 
into the pellets’ interstices. 

The test mediums were brought to 25° for tests 
and since the tests could be made rapidly the change 
in temperature during tests did not exceed 0.5 . 
The dissolution rate of sodium chloride was deter- 
mined at 16° in water. 
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Procedure for Acids.— With the exception of suc- 
cinic acid, whose dissolution rate was studied by the 
same method as the sodium salts, all acids required 
immersion in dissolution medium maintained at 25° 
by means of a constant temperature bath. The 
mounted samples were weighed in air after equili- 
bration with the atmosphere for several days. They 
were then immersed in dissolution medium for pe- 
riods up to twenty-four hours, removed, rinsed with 
distilled water, and left to dry again in the atmos- 
phere. Essentially constant weight was reached in 
twenty-four hours drying by this method. This 
method was necessary since it was not practical to 
continuously observe the pellets for permeation of 
solvent into their interstices. The loss of weight 
was recorded and expressed in terms of the appro- 
priate rate units. 


RESULTS AND DISCUSSION 

Test of Equation 3. — The calculated value for the 
dissolution rate of sodium chloride at 16°, using the 
values for the parameters used to check the validity 
of equation 1 previously (2), was 30.4 mg./min.-cm.® 
Three determinations with compressed disks of 
sodium chloride gave values of 29.8, 30.6, and 30.1 
mg./min.-cm.^ respectively. 

Dissolution Rate of the Acids and Salts. — The 
rate found for the materials studied are listed in 
Table I along with other information of interest. 
Determinations were reproducible to within 10% 
of the mean of three or four determinations. Ob- 
servation of the pellets during and after tests gave 
no indication that disintegration occurred. 

It is strikingly apparent from examination of 
Table 1 that large difierences existed between the 
solution rates of all acids and their sodium salts. 
Further, the difference existed when the free acid 
was a relatively water-soluble compound as was the 
case with succinic acid. The increase in rate of 
dissolution of the poorly soluble free acids with 
increasing pH of dissolution medium was expected 
when their dissociation constants were large enough 
to allow for the formation of significant quantities 
of anion in the diffusion layers — particularly in the 
borate buffer. 

A decrease in rate of solution of the salts could be 
expected with increasing buffer capacity of the dis- 
solution medium. Increasing buffer capacity of the 
medium would tend to overcome the buffer capacity 
of the salt in the diffusion layer. Conversely, an 
increase in rate of solution of the free acids could be 
expected with an increase in buffer capacity of alka- 
line dissolution mediums as was the case with theo- 
phylline (1). 

The absolute difference in rates between acids and 
tlieir salts was somewhat dependent on the solution 
process. This is due to the fact that flow rate across 
the face of the pellets varied in accordance with the 
density difference term in equation 3. Hence, the 
differences in rates observed here were greater than 
those which would be observed were solution taking 
place under conditions where the Noi'es-WTiitney 
law described the solution rate process. 

When the salts of poorly soluble weak acids dis- 
solved in mediums that had an insignificant capac- 
ity for the anion and small capacity for the free 
acid, c. g., 0.1 A^HCl, precipitation of free acid neces- 


sarily occurred after the diffusion layer mixed with 
solvent. The significance of this occurrence when 
considering the oral administration of therapeutically 
active weak acids as sodium salts is in the increase 
in surface area of administered material obtained in 
the stomach. This increase in surface would in- 
crease rate of solution and consequently cause an 
increase in absorption rate. This consideration was 
no doubt a factor in explaining the higher and the 
more rapidly reached maximum blood levels ob- 
tained from the administration sodium aspirin in 
solution as compared to aspirin in tablets (7). 

Comments on the Significance of Solution Rate in 
Absorption of Drugs. — It is appropriate to mention 
that an understanding and knowledge of the rate of 
solution of drugs administered in solid form is of 
importance. In general, availabilitj' for absorption 
is completely dependent on drug being in solution at 
absorption sites and the rate of the solution step 
may markedly influence the rate of build-up and 
maximum level of drug reached in the fluids of dis- 
tribution. 

Absorption of drugs is commonly related to their 
solubilitj' by manj' investigators in fields where the 
subject is pertinent. Relating absorption to solu- 
bility is not correct. Solubility refers to the maxi- 
mum amount of material that can be dissolved in a 
given volume of solvent at constant temperature in 
any time long enough to allow attainment of satura- 
tion. The absorption of drugs is a dynainic process 
and ultimate solubility of a drug in fluid at absorp- 
tion sites is of limited consequence since absorption 
prevents the attainment of saturated solutions. 
Solubility of a drug and absorption are related onlj' 
to the e.xtent that solubility affects solution rate. 
Solution rate influences absorption rate since it is 
a preceding process. In addition to solubility, 
solution rate is dependent on surface, diffusion co- 
efficient and other properties of the dissolving species 
and the solution process. The condition that exists 
in the diffusion layer of the salts of weak acids as 
shown in the work of this paper is another considera- 
tion. It should be clear, then, that absorption is 
properly related to solution rate, not solubility. 


SUMMARY 

The dissolution rate of the sodium salts of weak 
acids is much more rapid than the free acids. 
This is true in mediums possessing hydrogen ion 
concentrations in the range of those encountered 
by drugs administered orall}'. The significance 
of solution rate in the administration of drugs was 
discussed. 
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Dissolution Rate of Mixtures of Weak Acids and 
Tribasic Sodium Phosphate^ 

By EINO NELSON 


The dissolution rates of mixtures of several weak acids and trisodium phosphate 
were determined in stirred mediums and by a process whereby dissolution took place 
by free consection. The test samples were pelleted mixes of weak acid and tri- 
sodium phosphate in a range of mole fraction ratios. The admixture of tribasic so- 
dium phosphate increased the rate of solution of all acids studied and a characteristic 
relationship was found between rate and fraction of acid in mixture. In all cases, 
a maximum occurred in plots of rate vs fraction and its location with respect to 
amount of acid in a mix appeared to be related to the strength of the acid. The maxi- 
mum rates obtained for the mixes were lower than those obtained from salts of the 

acids. 


' I 'he kinctics of the solution process have been 
tiioroughly investigated for single substances 
since the first studies of Nojes and Whitney (1) 
Apparently no studies have been made when the 
substance dissolving consists of two or more com- 
ponents The latter studies are of pharmaceuti- 
cal interest since many such sj stems are com- 
monh encountered in dosage forms e g , active 
ingredient plus binder and other materials m 
tablets or tablet granules and salts of weak acids 
mixed with buffer salts such as benzylpenicilhn 
sodium with sodium citrate 

Another tw o component system of pharmaceu- 
tical conx enicnce would be one composed of w'eak 
acid plus a strongly basic reacting salt A ra- 
tional use of the mixtures would he in providing 
an emironment near the dissoUing mixtures in 
which the weak acids would be more soluble than 
the medium in which solution was taking place 
In most cases, this condition would exist in or 
close by the diffusion or interfacial layer between 
the dissolving solid and medium This same ef- 
fect may be obtained in the case of poorly soluble 
x\ eak acids by use of salts of the acids made xvith 
higlily w ater soluble bases as has been previously 
shown (2), but some factors may make use of the 
salts themselves undesirable 

The work now reported was performed to de- 
termine the degree of enhancement in dissolution 
rate of poorh soluble weak acids obtainable by 
making homogeneous mixtures of these sub- 
stances and tribasic sodium phosphate It was 
also of interest to compare these rates to those ob- 
tained when salts of the acids were studied 

EXPERIMENTAL 

Matenals and Equipment. — The dissolution as- 
sembh and equipment for making ] 3 cm test 
pellets has been pre\iousl> described (2) The 


* Recr«\ed Xiicutt 5 in'i? fr»»rn the School of I’lnrrmcy 
ljnncrsit> of Califonua Medical Center, ban I rancisco 22 


tests were made using the weak acids, theophylline, 
theobromine, and pheiiobarbital These substances 
were recrystalhzed twice from boiling water and 
dried at 105° Benzoic acid which was also used 
was recrystalhzed twice from boiling water and 
dried under partial vacuum over sodium hydroxide 
pellets at room temperature The melting points of 
all compounds were in accord with literature values 
The tribasic sodium phosphate used was the do- 
decahydrate of analytical reagent grade The mix- 
tures of acid with tribasic sodium phosphate were 
made of —200 mesh particles on a mole fraction 
basis 

Dissolution Rate Determinations. — Theophj lime, 
theobromine, and benzoic acid-sodium phosphate 
mixtures were studied by the method previously 
used for thcophjllme salts in which solution took 
place from a constant surface m stirred medium (2) 
Phcnobarbital-sodium phosphate mixture rates 
were determined by a method in which free convee 
tion, diffusion constant, and concentration in the 
diffusion layer were the rate determining factors (3) 
A few additional tests of the first mentioned mix- 
tures were also made by this method The rates per 
unit area or fluxes were calculated from the slopes of 
concentration versus time curves and expressed as 
Gm /sec -cm “ for tests from stirred medium Fluxes 
from determinations by free convection were avail- 
able directly after correcting apparent rate by multi- 
plying by the product of the ratio of the density of 
the pellet to the difTercnce between the density of 
the pellet and medium and weight fraction acid in 
mixture All determinations were made in water at 
25° unless otherwise noted 

Analytical. — The concentration of acids m dissolu- 
tion medium were determined spectrophotomctri- 
call> Theophylline was determined at 270 w/z (1) 
and theobromine at 273 m/i (5) after adjusting the 
solutions to 0 1 A with respect to HCl Benzoic acid 
was also determined in 0 1 HCl aftci establishing 
that the absorbance of its solutions at an absorption 
maximum at 230 mji were lineir to densities of at 
least 0 8 Itscalculated molar extinction was 11,100 
which was lower than a previously reported xaliie of 
11,600 (C) The value determined here w is prob 
ably the more correct of the two, since it was ob 
tamed with calonfic grade benzoic .leid 

Pellet Density Determination • — -The densitj of 
pellets was determined b\ measurenients of tliiek 
ness and diameter and weighing The snrfaee of 
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each pellet consisting of acid in the various mixes 
was calculated by the following expression: 


Wa 



In Eq. 1, F was the fraetion of surface that con- 
sisted of acid in a compressed pellet, Wa was the 
weight of acid in the mixture, wp the weight of tri- 
basic sodium phosphate in the mixture and da and 
dp, respectively, the apparent densities of theophyl- 
line and tribasic sodium phosphate after compres- 
sion at the same pressure as the pellet mixes. 

RESULTS AND DISCUSSION 

Rate Determinations. — The concentration of 
drug in dissolution medium was found to increase 
linearly with time for all materials studied by the 
stirring process indicating that the reduced form of 
the Noyes-Whitney solution rate equation, 

^ = KSC,. (Eq. 2) 

dt 

described the process from any given two-compo- 
nent system. Equation 2 describes rate of solution 
taking place from a constant surface into a medium 
whose concentration is always low with respect to 
dissolving solid. In Eq. 2, a is the amount of ma- 
terial in solution, t is time, K is an apparent rate 
constant incorporating among other things the rate 
constants for both dissolving species, 5 is surface, 
and Cs is concentration of the compound of interest 
in the diffusion layer. The linearity of the relation- 
ship between concentration and time is shown in 
Fig. 1 for several compositions studied. 

The fluxes calculated from concentration versus 
time plots for theophylline, theobromine and benzoic 
acid are plotted as a function of mole fraction of each 
acid in the mixtures in Fig. 2. Data for phenobar- 
bital are also included. It was not necessary to cal- 
culate flux for this compound from concentration 
versus time plots since the experimental determina- 
tion gave a rate directly convertible to the ordinate 
term shown as previously discussed. 

The curves of Fig. 2 indicate that a complex re- 
lationship existed between flux and fraction of drug 
in a mixture. Further, a marked enhancement in 
rate was obtained in all cases when compared to the 
free acid. In Fig. 3 the observed flux for theophyl- 
line has been corrected to unit area theophylline 
and plotted versus fraction in mixture. In the 
region of linearity on this plot the rate-determining 
factor was the fraction of a pellet’s surface that con- 
sisted of theophylline. Similar plots for the other 
materials studied could only be fitted by straight 
lines in more limited regions. The observed flux 
for all acids could be expected to be influenced by 
the hydrogen ion concentration e.xisting in the diffu- 
sion layer. It was not practical to measure this 
quantity. 

Examination of pellets after tests in stirred me- 
dium did not show surface roughness that would in- 
dicate that solution took place by a process other 
than near simultaneous release of both compo- 
nents. The composition consisting of Va mole pheno- 
barbital with '/a mole tribasic sodium phosphate 



40 80 120 160 200 


TIME- SECONDS 

Fig. 1. — Illustrating depression in solution rate 
when 0.1 N HCl instead of water was used for dis- 
solution medium with aminophylline and a theo- 
bromine composition consisting of Va mole theo- 
bromine with */, mole tribasic sodium phosphate. 
Curve 1 — aminophylline in water. Curve 2 — amino- 
phylline in 0.1 N HCl, Curve 3 — theophylline 'A 
mole plus tribasic sodium phosphate V, mole in 
water. Curve 4— theobromine '/a mole plus tribasic 
sodium phosphate Va mole in water, and Curve 5 — 
the composition in 4 in 0.1 N HCl. Curves 3, 4, 
and 5 also illustrate the linear release with time of 
weak acids from these two component systems. 



mole fraction acidin mixture 


Fig. 2. — Illustrating the relationship between 
rate and fraction of acid for mixtures of weak acids 
and tribasic sodium phosphate. Dissolution in 
water at 25°. Cuiwes from top to bottom are, re- 
spectively. for benzoic acid, theophylline, theobro- 
mine, and phenobarbital. 
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MOLE EPaCTlON LC10 IN MIXTURE 

Fig. 3. — Illustrating region of dependency of solu- 
tion rate of theophylline mixed with tribasic sodium 
phosphate on fraction of area presented to solvent 
by theophylline. F is the calculated fraction of a 
test pellet's surface that consists of theopliL’lline. 


studied by the free convection process was pitted 
after tests indicating simultaneous release did not 
take place. The composition consisting of Vs mole 
benzoic acid and ‘A mole of the phosphate salt was 
carefullj- observed during dissolution by free con- 
vection. Solution took place in 0 1 N HCl, in which 
medium only minute amounts of benzoic acid could 
dissolve. Precipitate formed only on the bottom of 
the dissolution container with the streaming diffusion 
layer remaining clear as it fell through medium. 
This indicated that simultaneous solution of both 
components took place at the solid-liquid interface. 

Comparison Between Fluxes of Weak Acid- 
Phosphate Mixes and Salts of the Weak Acids. — 
A comparison of fluxes obtained previously for the 
dissolution of theophylline salts with the maxi- 
mum flux obtained with the phosphate mixes shows 
that even the slowest-dissolving theophylline salt, 
aminophylline, dissolved much faster than the mix- 
ture possessing the most rapid rate. This is shown 
in Table I where the fluxes for the benzoic acid and 
phenobarbital sodium salts, as well as the ethylene- 
diamine salt, are compared with the maximum rates 
per unit area obtained using phosphate mixes. 

The fluxes listed would be larger if anhydrous 
sodium phosphate had been used. The fluxes would 
be increased by a factor of about 1.4 to 1.8 for the 
compositions with maximum rates. This correction 
does not increase flux values in Table I for acid- 
phosphate compositions to equal or e.xceed the values 
found for the salts. 

Effect of Medium on Rate. — The use of acidic 
medium could be expected to decrease rate of solu- 
tion of the weak acid-phosphate mixes. A compar- 
ative study is shown on Fig. 1. It will be seen that 
the depression in rate was more marked with the 
mixes than with a s.alt of theophylline. The buffer 


Table I. — Comparison of Solution Rate per 
Unit Area Values — Tribasic Sodium Phospiiate- 
.\ciD Mixes rs. Salts of .Acids 


Compound or Composition Rate** 

Ethylenediamine theophylline (amino- 
phylline) G.5.3'>' 

Theophylline mole-tribasic sodium 

phosphate '/s mole 2.03S' 

Sodium phenobarbital 4 . S*! 

Phenobarbital ‘A mole-tribasic sodium 
phosphate 'A utole 0.4SN'* 

Sodium benzoate 1 .SoA ' 

Benzoic acid ^A mole-tribasic sodium 

phosphate 'A mole 0 . 2G''i ' 


" Gm./sec -cm.* X 10* of acid at 25”. 
* Dissolution in water. 

^ Dissolution in 0 1 N HCl 
^ Dissolution by free convection. 

< Dissolution in stirred mediums. 


capacity of the diffusion layer was no doubt greater 
in the true salt. 

Effect of Acid Strength on Amount of Phosphate 
Required to Obtain Maximum Flux. — An examina- 
tion of Fig. 2 will show a decrease in amount of 
phosphate needed to obtain maximum flux with in- 
crease in strength of acids. The literature values 
for pK’s of theobromine, theophylline, and benzoic 
acid are, respectively, 10.1, 8.77, and 4.19 (7). The 
acid strength of phenobarbital does not correlate 
with this grouping, but it was studied by a different 
process. 


SUMMARY 


The dissolution rate of weak acids was found to 
be considerably enhanced by the addition of Iri- 
basic sodium phosphate before compression into 
pellets. The relationship between rate and com- 
position was complex showing a maximum w'liose 
location appeared to be related to acid dissocia- 
tion constant. When the rate of the composition 
of a given acid-phosphate mixture showing maxi- 
mum rate was compared to the rate found using 
the true salt, the latter rate was always greater. 
This Was true when rates were compared from a 
given constant surface area. 
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A Study of Certain Physical and P’‘-Exchange-Tagging 
Characteristics of lodopropylidene Glycerol* 

By GEORGE F. HOFFNAGLEf and ARTHUR OSOL 

Preparatory to an investigation of the biological distribution and fate of iodopro- 
pylidene glycerol in rats, a study of the ultraviolet, visible, and infrared spectrophoto- 
metric absorption characteristics of the compound was made, along with a deter- 
mination of its distribution between water and chloroform. To prepare radio- 
active iodine-labeled iodopropylidene glycerol suitable for use in the biological 
study, a process of exchange tagging with radioactive sodium iodide was investi- 
gated, and the conditions for obtaining optimum radioactivity in the test material 

established. 


ODOPROPYLIDENE GLYCEROL (hereafter called 
IPG) has been demonstrated to be a safe 
and orally efficacious source of iodine for nutri- 
tional and therapeutic use in humans (1-4). 

The IPG supplied commercially* consists 
principally of l,2-(2-iodopropyHdene)glycerol or 
2 - (1 - iodoethyl) - 1,3 - dioxolane - 4 - methanol 
(2IPG) 

O— CHj 

/ 

CHs— CHI— CH 

\)— CH— CHiOH 

with a minor component of l,2-(3-iodopropyli- 
dene) glycerol or 2-(2-iodoethyl)-l,3-dioxolane-4- 
methanol (3IPG). 

O— CHj 

/ 

CH-I— CH..— CH 

\ 

O— CH— CH;OH 


No information concerning optical isomers which 
may be present is available (2IPG has eight pos- 
sible stereoisomers, 3IPG has four). 

The commercial preparation is routinely 
assayed for IPG content bj^ digestion in a strongly 
alkaline, aqueous solution at boiling temperature, 
followed by titration of iodide with silver nitrate 
Y. S. in the presence of nitric acid and a small 
amount of elemental iodine, with starch T.S. 
as indicator. The preparations for this studjq all 
of them viscous liquids, contained approximately 
34 to 37% of iodine. Since the theoretical con- 
tent of iodine in the isomeric acetals is 49.2%, 
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the products supplied contained 70 to 75% 
of the acetals; the remainder consisted of non- 
iodinated eompounds incident to the sjmthesis. 

The compound 3IPG is considerabl}' more 
susceptible to decomposition by alkali than 
21PG; because of this it was possible to obtain 
2IPG, as well as the mixture. No method for 
obtaining 3IPG alone was available. Attempts 
to separate the mixed isomers by distillation were 
unsuccessful. 

EXPERIMENTAL 

Concentration of the Acetals; Distribution be- 
tween Chloroform and Water. — In order to concen- 
trate the acetals present in the preparations pro- 
vided for these studies, chloroform solutions of the 
latter were successively extracted with water to 
remove nonacetal components. The acetals were 
recovered from the chloroform solutions by distill- 
ing the solvent under vacuum with application of 
mild heat. This procedure was found to be capable 
of concentrating the iodinated compounds to as 
high as 92.5%, as shown by alkaline hydrolysis 
followed by titration of iodide with silver nitrate 
V.S. The yield of acetals by this extraction pro- 
cedure was, however, only about 60% of theoretical. 
The reason for this loss was found aker study of the 
distribution of a 92.5% material between chloroform 
and water, the distribution ratio for chloroform/ 
water being observed to be approximately 10. 

Ultraviolet and Visible Absorption Characteris- 
tics, — ^A spectrophotometric absorption curve (Fig. 
la) in the ultraviolet and visible regions for an eth- 
anol solution of a preparation containing 71% of 
mixed IPG isomers was prepared from measurements 
made with a Beckman DU spectrophotometer. A 
single absorption peak was found at a wavelength 
of 255 mil, and a minimum at 233 m^. The absorp- 
tivity (1%, 1 cm.) at 255 m/i was found to be 19.1 
based on a concentration of 366 rag. per liter. Onlv 
slight deviation from Beer’s Law was observed in 
the range of concentration from 50 to 450 mg. per 
liter (Fig. lb). Other samples agreed within 1.2% 
based on tlieir IPG content. 

Infrared Absorption Characteristics. — Infrared 
spectrophotometric absorption curves (Fig. 2) were 
obtained for three samples of the preparation as 
noted using a Baird instrument. The samples were 
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Fig. la. — Absorption characteristics of IPG at 
concentrations of 386 mg. per liter and 3660 mg. 
per liter in ethanol in the ultraviolet and visible 
regions. 

Fig. lb — I'ariation of absorbance with concen- 
tration of IPG in ethanol at a wavelength of 255 
mat. 


placed undiluted between sodium chloride plates. 
By means of these curves, it appears to be possible 
to distinguish between IPG and compounds incident 
to the stmthesis, and to accept the top curve as a 
good approximation of the absorption characteris- 
tics of IPG. The tentatively identifiable peaks are 
noted in Fig. 2. The carbonyl peaks ca i be removed 
either by mild alkaline treatment or by solvent ex- 
traction, and can be estimated by the hydroxjdamine 
reaction; the carbonj-1 is not in the IPG structure. 
The hj'droxyl peak can be reduced but not removed 
by concentration procedures, indicating its presence 
both within and outside the IPG structure. .Ab- 
sorption by the iodine atom is beyond the range of 
the instrument, but residual chloroform from the 
concentration procedure is present in the top and 
center curves. The peaks at 6.19 /a and in the range 
of 8 to 10 p are common to cyclic ethers such as 
dioxanes and aliphatic ethers. 

Investigation of Tagging of IPG with Iodine-131. 
— The ultimate purpose of this phase of the study 
was to provide a radioactive material of sufficient 
activity to trace IPG in biological experiments. 


Exchange tagging of 2IPG was studied under four 
conditions. In formulation 1 the IPG and elemental 
1131 u-ere mixed in a mildly alkaline medium; in 
formulation 2 the IPG and I‘” as iodide were mixed 
in a mildly alkaline medium; in formulation 3 the 
IPG and elemental I”‘ were mixed in a mildly acid 
medium; in formulation 4 the IPG and I“‘ as 
iodide were mixed in a mildly acid medium. The 
compositions of the media used are set forth in Table 
I. 

The solutions ivere allowed to stand in glass- 
stoppered bottles at room temperature. To deter- 
mine the extent of exchange-tagging the following 
procedure was used. Samples of 20 ml. each were 
removed from each solution at four, seven, and ten 
days. The solutions were treated to remove in- 
organic iodine as follows. Dilution of the inorganic 
iodine was accomplished by the addition of 100 mg. 
of potassium iodide. Since the amount of I‘^' 
at the start of the experiment was approximately 
5.4 X 10“^ mg., this dilution amounts to some 1.4 
X 10* times. The solution was then made acid 
with acetic acid, 0.5 ml. of starch T. S. added, and 
sufficient potassium permanganate T. S., to obtain 
a blue color. A slurry of silver carbonate was then 
added dropwise, slowly and with agitation, until the 
blue color just disappeared. The mixture was 
diluted to 25 ml. with distilled water and quickly 
filtered through a Seitz filter, using a K5 pad, tlicrcby 
removing the silver iodide and any unreacted silver 
carbonate. This procedure, when followed meticu- 
lously, yielded a solution which would neither darken 
on exposure to light, nor show any precipitate on 
adding a small amount of sodium chloride. Also, 
the radioactivity could be reduced to approximately 
background activity by extracting the solution with 
four 10-ml. portions of chloroform, thereby indicat- 
ing that no appreciable portion of the radioactivity 
was present as iodide. Furthermore, paper chroma- 
tograms (5) showed no detectable iodide, iodate, or 
free iodine. The total iodine content in the final 
solutions was determined by alkaline digestion fol- 
lowed by titration with 0.01 N silver nitrate. The 
K5 pads were found to have absorbed only an esti- 
mated 0 to 5% of IPG from the solutions. 

The radioactivity of the sample, diluted with 0.1 % 
sodium iodide solution, was determined using an 
organic-qucnched, end-window, Geiger-Muellercoun- 
tcr tube, the sample being 2 ml. of solution held in a 
plastic planchet. An equilibrium sample of RaDEF 
was used as the standard for calibrating the equip- 
ment, and the samples were converted to curies of 
activity, where desired, by comparing with dilutions 
of the carrier-free sodium iodide-'” supplied by 
-Abbott Laboratories, using the value of the standard 


Table I. — Composition of Media Employed in Taggi.ng IPG with I"" 







In;;redicnts — ► 

1 

2 

3 

‘i 

21PG 

0 15 Gm. 

0 15 Gm. 

0. 15 Gm. 

0.15 Gm. 

Iodine equivalent 

0 0738 Gm. 

0 0738 Gm. 

0.0738 Gm. 

0.0738 Gm. 

Glycerin 

45 ml. 

45 ml. 

45 ml. 

45 ml. 

Distilled water 

15 ml. 

15 ml. 

15 ml. 

15 ml. 

Sodium bicarbonate 

1 Gm. 

1 Gm. 



Glacial acetic acid 



1 ml. 

1 ml. 

Carrier-free Xal'” 

0.2 me 

0,2 me. 

0.2 me. 

0.2 me. 

Potassium permang. T. S. 

0 2 ml. 


0.2 ml. 
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Fig. 2.— Infrared absorption curves of IPG. Top — 2IPG at 92.5 per cent purity. Center— Mixed IPG at 
85.8 per cent purity. Bottom— Mixed IPG at 71.2 per cent purity. 


supplied by them, eorrected for decay. The results 
of the tagging are in Table II, 

The same experiments using mixed IPG yielded 
the same results in acid media, but even lower re- 
sults in alkaline media because of the lability of 3IPG 
under these eonditions. 

11. — Extent of Tagging of IPG with I'” 
IN Various Media, in Microcuries per mg. of 
Iodine in IPG, Not Corrected for Decay 


Exchange 

Time 


• ^ — Formulation- 

12 3 4 

0.264 0.168 0.364 0.291 
0.072 0.143 0.350 0.304 


Table III. — Extent of Tagging of IPG Using 
Different Initial .\mounts of I'”, in Micro- 
curies per mg. OF Iodine in IPG, Not Corrected 
roR Decay 


Radioactivity 
added 
initially to 
GO mp 2IPG 

0.4 millicurie 

2.0 millicuries 

4.0 millicuries 


' Exchanpe Time 

30 Hr. 72 Hr 120 Hr 

0.69 0.80 0.87 
2 0 2.5 2.5 

3,0 3.8 4 3 


A scTOiid type of experiment was undertaken 
employing the optimal conditions for tagging as 
represented bt’ formulation #3 above, but adding 
V?p 'I’l’uunts of I'5' to a constant amount of 
-IPG (00 mg.); the amounts used and the results, 
pmg the same sampling methods as above, are 
found ill Table III. 


These data clearly pointed to the probability of 
obtaining even higher specific activities of tagpd 
IPG by increasing the proportion of radioactive 
sodium iodide to IPG. Further experimentation 
proved this to occur. However, this exchange reac- 
tion could not be characterized as zero-order, fir.st- 
order, or second-order. 

This information was used to produce tagged IPG 
of high specific activities for chromatographic (5) 
and biological (6) use. The results of a scries of 
such experiments with varying proportions of Nal'” 
to IPG and varying times arc listed in Table IV. 
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Table IW — Tagging of 2IPG to Produce High Specific Activities, Reported as Microcuries 
PER MG. OF Iodine in IPG, Not Corrected for Decay 


Added radioactivity 

9 me. 

9 me. 

8.3 me. 

9 inc. 

0.9 me. 

Iodine in 2IPG 

53 7 mg 

31.6 mg. 

34.8 mg. 

54.0 mg. 

39.8 mg. 

Exchange Time 

7 days 

8 davs 

12 days 

13 days 

10 days 

Final radioactivity 

15 4 uc 

23.8 uc. 

24.4 uc. 

8.0 uc. 

7,0 uc. 


The raw material ratio and exchange time which 
produce the highest specific activities are apparent 
from Table and were employed when such 
material was required. 
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Book Notices 


Medical Writing, The Technique and the Art. 3rd 
ed. By Morris Fishbein. The Blakistoii 
Division, McGraw-Hill Book Co., Inc., New 
York, 1957. x 4- 262 pp. 15 x 23 cm. Price .$7. 
The sound advice given by the experienced editor 
and author. Dr. Fishbeiii, can apply equally well to 
anyone who is preparing a report for publication. 
.\lthough the author's experience has been mainly 
in the field of medical journalism, the terminology, 
illustrations, etc., utilized in this text arc medical. 
.A. brief chapter deals with pharmaceutic products 
and prescriptions. The excellent index is particu- 
larly useful. This is a good handbook for any 
editorial office. 

The Xtttwnai Formulary of Japan 2nd ed. Com- 
piled and edited by the Formulary Section of 
National Council of Pharmacy. English edition 
published by the Ministr}’ of Health and Welfare, 
Tokyo, 1957. 14.5 x 21 cm. vii -p 107 pp. 

The second edition of the N. F. (Japan) is evidence 
of the progress that has been made in the introduc- 
tion of new medicinals into the Japanese materia 
mcdica, although some folklore medicinals arc still 
noted, eg. Japanese Ginseng and Oyster Shell. 
The text monographs arc arranged according to the 
Latin title of the drug or dosage form, and this makes 
one realize the greater convenience of the arrange- 
ment in the N F. (U. S ). The English title is not 
always a translation of the Latin; e.g. Tigliuin, 
Croton Seed; with the synonym Tiglii Semen. 
Eptrcnaininae bilartras has the English title Epiren- 
amine Bitartratc, but Collunarium cpirenaminac 
compositum has the English title Compound Epine- 
phrine Nose Drops. Epircnaminc is not included 
ani'ing the 30 names for epinephrine that arc given 
ill the Merck Inde.x 0th ed. 

Tlie monographs represent c.xcellciit technical 
stiulv and preparation, but it is surprising to note 


that the formulas and equivalence factors arc based 
on atomic weights adopted by the International 
Committee in 1949; although the investigative 
phase of revision was continued into 1954. In 
view of the difficulty experienced witli the use of 
sodium acetate as the buffer in the N. F. (U. S.) 
assay for methionine, it is interesting to note tliat 
the N. F. (Japan) monograph utilizes the phosphate- 
acid phosphate buffer, which probably is preferable. 

Appendixes give General Notices and General 
Tests, Processes and Apparatus of The Phar- 
macopoeia of Japan 0th ed. The Revision Com- 
mittee is to be congratulated for its excellent work 
in preparing this edition of the N. E. (Japan). 

The Principles of Therapeutics. By J. Harold 

Burn. Charles C Thomas, Publisher, Spring- 

field, 111., 1957. ix -f- 278 pp. 14 x 22.5 cm. 

Price $5.50. 

This book is a compilation of the author’s lectures 
on “Pharmacology and the Basis of Therapeutics.’’ 
The subjects included are; Development of thera- 
peutics; Ion exchange in cellular activity, active 
substances in the body; Transmission of nerve 
impulses by acetylcholine and noradrenaline; 
Properties of acetylcholine and of substances 
modifying its action; Treatment of hj'pcrtensioii; 
Substances whose action resembles that of acetyl- 
choline, especially nicotine; Adrenaline and the 
sympathomimetic amines; Action of histamine, ana- 
phylaxis, allergy, histamine liberators and anti- 
histamine substances; Hydroxy tryptaminc and 
bradj'kinin; Pituitary (posterior lobe) extract, 
Biological standardization; Digitalis glycosides; 
Substances relaxing smooth muscle including 
vasodilators; Analgesic substances; Cocaine and the 
local anesthetics; Alcohol; Anesthetics; Barbitu- 
rates and tranquillizing drugs; Stimulant drugs; 
Drugs of the alimentary canal; Action of drugs on 
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t the uterus, ergot; The treatment of anemias; 
ThjToid Gland; Insulin; Oestrogens and rogens; 

~ Adrenal cortex; Disinfectants; Sulfonamides and 
salicylates; Kidney, treatment of oedema; Anti- 
biotics; Malaria; Chemotherapy in tropical diseases; 
Metallic salts and vitamins; Biological variation 
and clinical trials. Tlie book is intended for medical 
students and physicians. It should be a useful 
addition to the Pharmacy library as well. 


Qiiatililaltvc Organic Analysis. By James S. Fritz 
and George S. Hammond. John Wiley & Sons, 
Inc., New York, 1957. ix 303 pp. 14.5 x 
23 cm. Price S6.50. 

This textbook utilizes the principle of analysis of 
organic compounds by selective, functional group 
reactions. The following chapter headings indicate 
the scope of the text; Details of a method (analyti- 
cal), Acid-base titrations in nonaqueous solvents. 
Indirect acid-base methods. Oxidative and reductive 
methods, Manometire methods. Metal ion com- 
plexes, Elemental analysis. Kinetics in analysis, 
Spectrophotometric methods. Separations, Physical 
and polarographic methods. Solving new analytical 
problems, and Laboratory procedures. The text is 
designed for use at the later undergraduate and 
graduate level of instruction. It is documented 
throughout with references to the literature. 
Problems are included at the end of each chapter. 
Author and subject indexes are appended. The 
book should be considered by teachers of organic 
analysis and newer analytical techniques. 


( Recent Progress in Hormone Research, Vol, XIII: 
j Proceedings of the Laurenlian Hormone Conference 

1936. Edited by Gregory Pincus. Academic 
j Press Inc., New York, 1957. v -f- 646 pp. 15 x 

, 23 cm. Price S12.80. 

s The papers and discussions of the thirteenth 

ri annual Laurentian Hormone Conference comprise 

this volume. The twelfth volume was reviewed in 
This Journal, 46, 149(1957). The reports, grouped 
under five main headings, are; I. Neurohumoral- 
” Endocrine Relationships. — ^Biochemical, physiolog- 

’■ ical, and pharmacological aspects of serotonin; 

' Effects of midbrain and spinal cord transection on 

endocrine and metabolic functions with postulation 
s of a midbrain hypothalamico-pituitary activating 

" system; Studies on the influence of the central 

nervous system on anterior pituitary function; 

: Hormones and rhythms in man and animals. 

, II. Hormone Transport in Circulation. — ^Interac- 

f tion of thyroid hormones and protein in biological 

I fluids; Binding of steroids and steroid conjugates to 

human plasma proteins. III. Aspects of Reproduc- 
tion. — Some experimental studies on the Mechanism 
e of ova-implantation in the rat; Synthetic progestins 

in the normal human menstrual cycle; Metabolism 
1 of progesterone and its clinical use in pregnancy; 

1 Long-acting steroids in reproduction. IV. 

Hormone Chemistry and Metabolism. — ^Insulinase, 

, insulinase-inhibitors, and diabetes mellitus; Gluca- 

j gou, a second pancreatic hormone. Y. Hormones 

e and Stress. — Endocrine changes after anesthesia, 

surgery, and unauesthetized trauma in man; 
Adrenal influences upon the stomach and the 
1 , gastric responses to stress. 


The excellent style, format, and binding of this 
senes is continued. The references at the end of 
each paper and the appended author and subject 
indexes add to the value of this volume and the 
other volumes in this series, as additions to the 
reference library in this field. 


The Lipids. Th«r Chemistry and Biochemistry. 
Vol. 3, Biochemistry (Biosynthesis, Oxidation 
Metabolism, and Nutritional Value). By Harry 
J. Deuel, Jr. Interscience Publishers, Inc 
New York, 1957. xxxvi -f- 1065 pp. 15.5 .x 
23.5 cm. Price S25. 

This is the third volume of a comprehensive text 
on the lipids, and completes the coverage of the bio- 
chemical phase of the subject. The author. Dr, 
Deuel, died in 1956, and some of the later material 
was added by an editorial committee. The fine 
style, detailed scope, and excellent printing and for- 
mat of this volume are similar to that in vols. 1 and 
2 which were reviewed, respectively, in This Jour- 
nal, 41, 57(1952) and 44, 318(1955). Of particular 
interest at this time is the final chapter on the nutri- 
tional value of fats. The many references through- 
out the text and the extensive author and subject 
indc-xes make this set of books indispensable as a 
reference work. 


Experinienia! Control of Plant Grcnvth. By Frits W. 
Went. Chronica Botanica Co., Waltham, Mass., 
1957. xvii + 343 pp. 15 x 23 cm. Price 
S8.60. 

This book presents in detail the factors affecting 
plant growth and describes the methods used in the 
experimental studies at the Clark Greenhouses and 
the Earhart Plant Research Laboratory. In addi- 
tion to author and subject indexes, 27 pages of photo- 
graphs are appended. 


Practical Clinical Ckcmislry: A Guide for Techni- 
cians, 2nd ed. By Alma Hiller. Charles C 
Thomas, Springfield, 1957. xvii J- 265 pp, 16 
X 23,5 cm. Price S6.50. 

The various tests and procedures utilized in clini- 
cal chemistry are described in detail and outlines for 
the different determinations are included. Dupli- 
cate forms of the outlines are appended for removal 
from the book. A general subject index is included 
The book should be a useful textbook and laboratory 
manual as well as a guide for practicing clinical 
technicians. 


Cortisone Therapy; Mainly Applied to the Rheu- 
matic Diseases. By J. H. Glvn. Philosophical 
Library, Inc., New York, 1957. x-F 162 pp. 14 ^ 
22 cm. Price SIO, 

The relative therapeutic value of cortisone, corti- 
cotrophin, hydrocortisone, prednisone, and predni- 
solone, primarily in the treatment of rheumatic dis- 
eases are reviewed, with detailed regimens of treat- 
ment included. It is an important contribution to 
the rational consideration of a complicated problem 
in medical practice by a practitioner who is person- 
ally familiar with the practical aspects of this field 
of therapy. A general index is appended. 
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IctiialiUs PI annacolotiiqitcs Sene? Xo 10 Rene 
Hazard, Editor Masson ct Cie, Pans G, France, 
1057 10 ON 25 4 cm 269 pp 

This tenth \oIiime of the series (in French) con- 
t iins contributed chapters on I^Iode of action of 
substances protecting Iniiig bodies against ionizing 
radiations. Chemical mediators and central neraous 
actiAities in \ertebrates, Organophosphorus anti- 
cholinesterases, Pharmacologic action of spinalh ad- 
ministered medicaments. Metabolic transformations 
of organic toxic substances (general biologj and in- 
dustnal hs giene), PharmacodA namics and compara- 
ti\e ph\siologA, Sulfamide inhibitors of tubiilarj 
functions, inhibitors of carbonic anhxdrase, and h\- 
pogljcemic agents. Human plasma fractions and 
their therapeutic uses The paper and printing are 
good, but the \ olume has a paper back \n alpha- 
betical index of authors of chapters in \ ols 1-10 is 
appended 

Th( Rclatwn of Psychiatry to Phantiacology Bj 
kn^AH AM W IKLER The Williams S. W ilkins Co , 
B iltimorc, 1957 \iii -|- 322 pp , Paper back 
17x25 cm Price S4 

This book, the printing of u hich u as subsidized b\ 
the -kmencan Societ\ for Pharmacologj and Experi- 
mental Therapeutics, is a comprehensn e re\ie« of 
the relation of psAchiatry to pharmacology iMth 
special considerations of the drugs used m this field 
of medicine The types of drugs include tranquili- 
zers, mood elevators anesthetics ps\ chosomimetic 
agents, analeptic agents, and insulin The text is 
diAided into two mam sections he ided The effects 
of drugs on human behax lor, and Theories and mecha- 
nisms of drug actions It is ended with a 4 page 
chapter on General conclusions The 889 references 
m the text are gi\ en at the end, and a 12 page index 
IS appended 

Biochcimstry for Medical Students 6th cd By 
W 5 Thorpe J B Lippincott Compani , Phila- 
delphia, 1950 Mil + 542 pp 14 5 X 21 cm 
Pnee 75 

The book represents a re\ ision of a standard text 
book on biochemistrj The major additions to the 
fith c htion relates to protein structure, enz\ me A 
and Its role in metabolic processes The entire 
chapter on enzj mes has been thoroughlj resused and 
contains much essential new information on this sub- 
ject In addition, the material on nucleic acids has 
been rewritten and the subject of redox potentials 
has been brought up to date The bibhographj is 
adequ ite for the purpose intended and includes 
references to rcccnth published works 

hhtik utid Thcrapic der Vcrgiflungcn Bj Sven 
Moesciilin Georg Thieme \ erlag, Stuttgart, 
1956 Intercontinental Medical Book Corpora- 
tion, Xciv York XI -f 521 pp 18 5 x 25 cm 
Pnee DM 59 Pnee $14 05 

This book IS designed for professional toxicolo 
gists pliA sici ins, and others concerned with hazards 
irising in the use of household chemicals and drugs 
ind those met with b\ workers m the chemical and 
illied industncs The content of the book is ade 
qu itc ft r Its intended purpose and the subject mat- 


ter appears to be arranged in a logical order It 
begins with discussions of the Frequency and distn- 
bution of poisoning, general principles einploi cd m 
the treatment of poisoning, and a listing of the more 
important materials and preparations used in the 
treatment of cases of poisoning These general 
chapters are followed b\ a useful table of in iximiim 
allowable concentrations, expressed in parts per 
million, of gases, vapors, and dusts in the air to 
which workers ma\ be exposed without crcitiiig a 
health hazard through inhalation of the potential 
poisons listed Proceeding from this table the book 
IS dmded into sections, each with several subdiM 
sions, relating to inorganic chemicals, organic chein 
icals, Mtamins (ABS.D), hormones, poisons from 
plant sources and the derivatiAcs, antibiotics, food 
poisons, and animal poisons Sources of exposure 
are then discussed 

The book is thoroughh documented throughout, 
and IS provided w ith an author index and an umis 
ualh complete subject index The paper, printing, 
and binding are of excellent qualitj rcprcscntatiAC 
of all books produced bj the Georg Thieme ^ erlag 
The author. Dr S\’en Mocschhn, of the Unn crsitj 
of Zurich, is to be commended for liaMiig done a 
thorough job of treating an important subject The 
book can be recommended to those who arc con- 
cerned with the diagnosis and treatment of cases of 
poisoning 


Antiseptics, Disinfectants, Fungicides, and Clicninal 
and Physical Sterilization 2nd cd Edited bj 
George F Reddish Lea & Febiger, Philidel- 
phia, 1957 975pp 15 x 23 5cm PriceS15 

This edition of an excellent book has been brought 
up to date bj' twenty eight contributors It in 
eludes many recent adxances in areas treated earlier 
Three new chapters cover Sterihtv tests and inetli 
ods of assuring stcrihtj , Methods of testing saniti 
zers and bacteriostatic substances, and Ultrai lolct 
radiation as a germicidal agent The fine stj Ic, 
tape, printing, format, and binding are siinil ir to 
that of the first edition, which was reviewed in This 
Journal, 43 , 445(1954) The chapter on iodine 
includes an extensive discussion of lodophors and 
the use of iodine solutions during catastroplncs 
A new section under phenolic compounds deals w itli 
the official evaluation of phenolic disinfectants A 
useful tabulation m the section on quateriiarj ini- 
monium compounds lists substances that arc com- 
patible and those that are incompatible with ben- 
zalkoiiiiim chloride The maiij references after 
each section in the text and the appended index cn 
hance the usefulness of this authoritativ'e book 


Fads and Fallacies in the Name of Science Bj 
Martin Gardner Dover Publications, Inc, 
Xcw York, 1957 x -f- 303 pp 14 x 20 I cm 
Price $1 50 

The publisher, in some small inc.isurc, believes 
that this debunking publication can counterb dance 
the endless amount of pseiidoseientific drivel and 
that this small voice of reason will be heard in the 
cacophonj of crackpot ideas The first edition of 
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A Study of the Effects of Ultrasonics on the Particle 
Size of Certain Suspended Pharmaceuticals* 

By OSCAR E. ARAUJOf and PATRICK F. BELCASTRO 


Data are presented showing the influence of insonation intensity, time of exposure, 
concentration of suspended material, and addition of dispersing agents on the 
particle size and rate of sedimentation of certain medicaments. All suspensions 
exposed to ultrasonics have a smaller particle size diameter, a slower rate of sedi- 
mentation, and are more stable than the control or noninsonated suspensions. 


^ I 'he effects of ultrasonics on matter can be 
attributed to cavitation, tremendous me- 
chanical forces, heat, depoljTnerization, and other 
factors. The first significant stud)’' of the ther- 
mal, biological, and chemical effects of ultrasonic 
vibrations was reported by Wood and Loomis 
(1). Myers and Goodman (2) applied the me- 
chanical forces of this energ)’ in devising an ultra- 
sonic homogenizer, the "Rapisonic,” which pro- 
duced a calamine lotion stable for three months. 
Recently, Misek and Skauen (3) reported certain 
effects of ultrasonics on pharmaceutical disper- 
sions. Other investigators (4-7) have studied 
the value of ultrasound as a means of dispersing 
solids in a liquid medium. 

This work is an attempt to evaluate quantita- 
tively certain pharmaceutical suspensions which 
have been exposed to the mechanical forces of 
ultrasonics with the ultimate purpose of pro- 
ducing preparations that are superior to control 
or noninsonated samples. The rate of sedimen- 
tation and the particle size diameters were the 
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parameters chosen for evaluating the suspensions 
mentioned in this paper. 

APPARATUS 

The apparatus used in this study consisted of a 
250-watt radio-frequency generator ivith a variable 
frequency range of 100 to 1000 kilocycles per sec- 
ond (8). The Hj-personic Transducer Model BU- 
305 used in conjunction with the generator operates 
at a frequency of 400 kilocycles per second. The 
transducer contains a concave bowl of barium tita- 
nate which focuses the sound energy for an area of 
0.5 square cm. at a point 57.4 mm. above the center 
of the element. 

EXPERIMENTAL 

The insonation chamber used in this investigation 
consisted of a 25 x 150 mm. lipless pyrex test tube 
to which was adapted a glass water-jacket so that 
cold water could be continuously circulated to cool 
the suspension during insonation. 

A volume of 20 ml. of suspension was employed 
throughout the studi'. Four insoluble medica- 
ments commonly administered in the form of aque- 
ous suspensions were selected: zinc oxide, bismuth 
subcarbonate, sulfathiazole, and procaine penicillin 
G. These substances are representative ingredients 
of external, oral, and parenteral pharmaceutical 
suspensions. 
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ministered medicaments, Metabolic transformations 
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dustnal higienc), Pharmacodmamics and compara- 
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diiided into two main sections headed The effects 
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Data are presented showing the influence of insonation intensity, time of exposure, 
concentration of suspended material, and addition of dispersing agents on the 
particle size and rate of sedimentation of certain medicaments. All suspensions 
exposed to ultrasonics have a smaller particle size diameter, a slower rate of sedi- 
mentation, and are more stable than the control or noninsonated suspensions. 


' I 'he effects of ultrasonics on matter can be 
attributed to cavitation, tremendous me- 
chanical forces, heat, depolymerization, and other 
factors. The first significant study of the ther- 
mal, biological, and chemical effects of ultrasonic 
vibrations was reported by Wood and Loomis 
(1). Myers and Goodman (2) applied the me- 
chanical forces of this energy in devising an ultra- 
sonic homogenizer, the “Rapisonic,” which pro- 
duced a calamine lotion stable for three months. 
Recently, Misek and Skauen (3) reported certain 
effects of ultrasonics on pharmaceutical disper- 
sions. Other investigators (4-7) have studied 
the value of ultrasound as a means of dispersing 
solids in a liquid medium. 

This work is an attempt to evaluate quantita- 
tively certain pharmaceutical suspensions which 
have been exposed to the mechanical forces of 
ultrasonics with the ultimate purpose of pro- 
ducing preparations that are superior to control 
or noninsonated samples. The rate of sedimen- 
tation and the particle size diameters were the 
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parameters chosen for evaluating the suspensions 
mentioned in this paper. 

APPARATUS 

The apparatus used in this study consisted of a 
250-watt radio-frequency generator with a variable 
frequency range of 100 to 1000 kilocycles per sec- 
ond (8). The Hypersonic Transducer Model BU- 
305 used in conjunction with the generator operates 
at a frequency of 400 kilocycles per second. The 
transducer contains a concave bowl of barium tita- 
nate which focuses the sound energy for an area of 
0.5 square cm. at a point 57.4 mra. above the center 
of the element. 

EXPERIMENTAL 

The insonation chamber used in this investigation 
consisted of a 25 x 150 mm. lipless pyrex test tube, 
to which was adapted a glass water-jacket so that 
cold water could be continuous!}' circulated to cool 
the suspension during insonation. 

A volume of 20 ml. of suspension was employed 
throughout the study. Four insoluble medica- 
ments commonly administered in the form of aque- 
ous suspensions were selected; zinc oxide, bismuth 
subcarbonate, sulfathiazole, and procaine penicillin 
G. These substances are representative ingredients 
of external, oral, and parenteral pharmaceutical 
suspensions. 
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Tahle II. — Particle Size or Insonated and Noninsonated Zinc Oxide Suspensions 


Conwntration (jf 

Zinc Oxide 

ZnO in 
f/av." 

DiMillcd KiO 

Jb 

ZnO w 
d^v. 

ith 0.1% CMC 
s 

ZnO in 0.1% 

t/av. 

Marasperse 

j 

-Vo (Control) 

8,5 

0,5 

14.5 

9.0 

1.8 

3.5 

oVo tControI) 

22,1 

18,5 

19.8 

10.9 

1.2 

2.2 

10 Vo (Control) 

2G,9 

8,2 

17.3 

11.0 

1.5 

3.4 

2 Vo (Insonated) 

0 % (Insonated) 

1,2 

1,9 

1,0 

3,5 

0.85 

9.0 

0.94 

9.0 

0.58 

0.04 

0.24 

0.30 

lOVo (Insonated) 

20,9 

9.9 

12.9 

11.0 

0.71 

0.50 


“ Arithmetic mean diamcler in micron*!. 


^ Standard deviation calculated from the formula: 5 = \l ■ — <lav.' 

Vi; « 

^ Marathon Corporation, Rothschild, Wis. 


Table III.—Particle Size or Insonated and Noninsonated Bismuth Subcarbonate Suspensions 


Concentration of 

In Di<;tillcd Water 

With 0.1% CMC 

With 0.05% CMC 
and Marasperse C 

Bi Snbearhonate 

dav.^ 

Sb 

da.v. 

s 


s 

2% (Control) 

7.3 

7.2 

4.9 

4.7 

5.3 

4,9 

5% (Control) 
lOVo (Control) 

8.1 

7.8 

5.5 

8.2 

5.2 

0.0 

9.0 

8.6 

4.8 

5.0 

5.2 

5.1 

2Ve (Insonated) 

4.0 

5.1 

3.4 

3.3 

3.8 

4.5 

5(V (Insonated) 

3.8 

5.4 

4.5 

4.4 

3.4 

2.8 

10(^ (Insonated) 

4.5 

4.2 

4.0 

3.0 

4.5 

4.0 


* Ariihraetic mean dinmeter in microns. 


5 Standard deviation calculated from the formula: s *= 
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A similar comparison of the bismuth subcarbon- 
ate suspensions was impossible, since the suspension 
insoiiated at maximum conditions never reached its 
“half-life” point during the course of these experi- 
ments. However, at the 30% point in the decrease 
of the absorbance, the rate of sedimentation ratio 
observed was 1 to 17.5. This indieated, following 
the previously mentioned reasoning, that the par- 
ticle size of the medicament in the control suspension 
was 4.2 times larger than that of the insonated sus- 
pension. 

The sulfathiazole suspensions tlius evaluated 
showed a sedimentation ratio of 1 to 11.6, and the 
particle size of the solid in the control suspension 
was 3.4 times larger than that of the insonated sus- 
pension. 

The procaine penicillin G suspensions exhibited a 
sedimentation ratio of 1 to 4.6, and the particle size 
of the suspended medicament in the control suspen- 
sion was 2.1 times greater than that in the insonated 
suspension. 

From these data, it can be seen that the maximum 
effect of ultrasonics was observed with the bismuth 
subcarbonate suspensions, followed in order b 3 ’ sul- 
fathiazole, zinc oxide, and procaine penicillin G. 

It must be noted, however, that at maximum con- 
ditions of insonation both sulfathiazole and procaine 
penicillin G suspensions showed some evidence of 
decomposition, exhibiting a change in color and 
developing a disagreeable odor. 

Effect of Ultrasonics on Concentrated Suspen- 
sions. — At this point in the study, it was desired to 
evaluate the effect of ultrasound on more concen- 
trated suspensions of the previously mentioned 
compounds. Since it was evident from the fore- 
going results that the greatest effect was evidenced 
when the suspensions were subjected to insonation 
at an intensitj- of 110 (estimated at 365 watts) for a 
period of fifteen minutes, these conditions were used 
exclusively in this phase of the investigation. Since 
sulfathiazole and procaine penicillin G previouslj’ 
showed evidence of decomposition, further investiga- 
tion of these suspensions was abandoned. 

The spcctrophotometric method previouslj' used 
to evaluate the suspensions not onlj' was impractical 
for high concentrations, but provided onlj' relative 
particle size relationships by means of an indirect 
parameter, such as absorbance. Thus, it became 
necessary to find a method that would provide an 
entire particle size distribution of the solids in sus- 
pension and that would also furnish data for calcula- 
tion of absolute mean diameters of the particles. A 
liquid elutriation method was investigated, but it 
proved to be insufficiently sensitive to classify par- 
ticles smaller than 10 microns. Finally the Andrea- 
sen pipet, as described by Schweyer (9) produced 
satisfaetory results. This apparatus operates on 
the principle that if samples are taken from a con- 
stant level near the bottom of a cj’linder containing 
a suspension, at appropriate intervals of time, 
Stokes' law ean be applied and the particle size dis- 
tribution of the suspension ean be calculated. 

Since increasing the concentration of any solid 
material in a liquid medium results in a greater 
tendency towards particle flocculation in the sus- 
pension, a small amount of a protective colloid and 
a dispersing agent was added. Three different 
media were therefore used: distilled water, distilled 
water and 0.1% sodium carboxj'metlu-lcellulose 


(CMC), and distilled water and 0.1% Alarasperse 
C. In the case of bismuth subcarbonate, a com- 
bination of 0.05% CMC and 0.05% Marasperse C in 
distilled water was used in lieu of 0.1% Marasperse 
C, because better initial dispersion was thus ob- 
tained. Three concentrations of the solid materials 
were used: 2, 5, and 10%. 

Figures 1, 2, and 3 show sample plots of the par- 
ticle size distribution obtained from the data. 
Tables II and III indicate the relative effect of 



Fig. 1. — Particle size distribution of 2% zinc oxide 
suspensions in distilled water. 
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Fig. 2. — Particle size distribution of 2% zinc oxide 
suspensions containing 0.1% CMC. 



Fig, 3. — Particle size distribution of 2% bismuth 
subcarbonate suspensions in distilled water. 
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Effect of Ultrasonics on Dilute Suspensions. — A 
spcctropliotornetnc metliod Mas de\ eloped to evalu- 
ate the rclainc effect of ultrasonic energy on the 
rate of sedimentation of the previously mentioned 
medicaments The suspensions were simple sys- 
tems of the substance in distilled natcr They 
were exposed to ultrasonics for periods of either 5, 
10, or 1.7 minutes Ultrasonic intensities at rheostat 
settings of 30, 70, and 110 nere employed, represent- 
ing energies estimated at 28 5, 119, and 365 watts, 
respectneh However, since ultrasound concen- 
trates the sound waves, the aetual energy at the 
focal point ma\ far exceed the above I’alues 

The Beckman Model B spectrophotometer was 
emploxed to determine the absorbanee of the sus- 
pensions All experiments were carried out at a 
wax elength of 500 W/j .'Absorbance can be di- 
rectly related to the rate of sedimentation of solid 
particles in suspension, this rate being a function of 
the particle si/e of the solid material As the par- 
tieles settle out of the light path, the absorbance de- 
creases .it a rate inverseK proportional to the size of 
the particles m suspension 

Since It was impractical to extend the experimen- 
tation period to a point where all the particles were 
no longer in the light path, all absorbance values 
were measured at intervals of time, only until the 
initial absorbance was reduced to 50% In this 
manner, a partial rate of sedimentation was de- 
termined which excluded only the very small par- 
ticles 

The msonated suspensions were compared to con- 
trol suspensions to obserie differences m rate of 
settling due to the effect of ultrasonic vibrations 
The concentration of the solid used is restricted by 
the quanta of light that can be transmitted through 


the suspension, to give a reading on the spectroplio- 
toiiicter, thus limiting this phase of the work to the 
use of dilute suspensions 

Table I shows the rate of sedimentation of the 
suspensions studied 

The results clearly indicated the effect of incrcTs 
ing intensity of ultrasonics In the case of all four 
substances, a progressively greater reduction in pir- 
tide size, as evidenced by retardation of the rate of 
sedimentation, occurred with a corresponding in- 
crease in ultrasonic intensity 

By the same token, as the time of exposure to 
ultrasound was prolonged, the rate of scdiiiiciit.'itioii 
of the solid particles iii .all suspensions was corre- 
spondingly retarded 

These facts would lead to the conclusion that the 
longer the period of insonation and the higher the 
intensit 3 ^ of ultrasound, the more pronounced is the 
reducing effect on the particle size of the suspended 
solids 

However, the data from the tables show that the 
extent of the effect of ultrasonics varied with c.ich 
compound A comparison between the time re- 
quired for a control suspension of zinc oxide to reach 
the ‘‘half-hfe” point (50% decrease in absorhiiite), 
and the time required for the suspension iiisoii ited 
at maximum conditions of exposure and iiitciisiti 
to reach the corresponding stage, showed tint the 
rate of sedimentation ratio was 1 to 4 9 

Since, according to Stokes’ law, the rate of sedi- 
mentation varies dircctlj- with the sqii.ire of tlic 
diameter of the particle, it seemed logic.al to hj pothe- 
size that the particle size of the solid in the control 
suspension was 2 2 times as large as that in the sus- 
pension msonated at maximum conditions of ex- 
posure and intensity 


Table I — Effect of Ultrasonics on the Sedimentation Rate or Various Medicaments 


Decrease 
m Ab 
sorJiTnee 

Non- 

inso 

nated 

Inten- 
sity of 

30 for 

5 mm 

Inten 
sit> of 
30 for 

10 min 

Inten 
sity of 
30 for 

15 mn 

Inten- Inten- 
sity of sity of 

70 for 70 for 

5 mm 10 mm 

Inten- 
sity of 

70 for 

1 ■) mm 

Inten- 
sity of 
no for 
■> mm 

Inten 
sity of 
no for 

10 min 

Inten* 

Slt\ f t 

no for 
15 min 






^Iiniitcs CWpscd^ 








Zinc Oxide Suspension 0 03% 




5 

2 9 

5 0 

0 1 

6 5 

14 1 

19 8 

30 2 

21 2 

23 2 

.33 1 

20 

9 1 

19 1 

23 S 

27 3 

32 3 

35 4 

40 2 

40 4 

39.3 

02 4 

30 

13 2 

25 4 

31 G 

35 2 

41 8 

45 2 

57 5 

50 7 

51 2 

70 1 

50 

22 4 

38 8 

47 5 

53 8 

64 9 

71 9 

87 4 

79 1 

88 9 

lOS 7 




Bismuth Subcarbonate Suspension 0 03% 





0 7 

1 5 

1 6 

1 9 

3 1 

2 7 

3 6 

4 2 

4.1 

4 9 

20 

3 1 

6 5 

7 0 

9 1 

13 0 

10 6 

14 4 

20 6 

27 3 

41 .') 

30 

5 G 

11 5 

16 4 

16 8 

23 0 

20 0 

30 8 

36 2 

52.4 

98 0 

50 

14 8 

46 6 

58 4 

62 4 

74 3 

78 1 

101 4 

121 7 

a 

a 




Siilfathiazole Suspension 0 5% 




.5 

0 2 

1 3 

1 5 

1 4 

1 6 

1 4 

1 4 

1 8 

2 9 

1 8 

20 

1 1 

4 4 

5 G 

6 3 

8 2 

6 4 

8 1 

9 5 

13 4 

11 7 

30 

1 8 

6 7 

8 3 

9 5 

13 1 

11 4 

14 7 

17 8 

22 0 

21 0 

.50 

4 3 

12 3 

14 8 

18 5 

24 4 

27 3 

32 8 

42 1 

48 1 

50 0 




* Penicillin Procaine G Suspension 1 0% 




.5 

0 .5 

0 6 

0 7 

0 6 

0 6 

0 7 

0 8 

0 7 

1 1 

1 2 

20 

1 S 

2 2 

2 2 

2 4 

2 2 

3 0 

3 0 

2 8 

4 2 

5 0 

30 

2 8 

3 .5 

3 5 

4 2 

3 9 

4 8 

5 5 

5 . 4 

7 5 

9 fi 

.50 

.5 7 

8 9 

10 .5 

11 5 

12 2 

13 5 

15 8 

19 2 

20.9 

20 3 


“ Vca.arcments not tiLcn due to indefinitely lonir periods of sedimentation 
» Obtained throueh 11 e courtess of Chas Pfizer and Co Inc . BrOoLIjn G N Y 
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A similar comparison of the bismuth subcarbon- 
ate suspensions was impossible, since the suspension 
insonatcd at maximum conditions never reached its 
“half-life” point during the course of these experi- 
ments. However, at the 30% point in the decrease 
of the absorbance, the rate of sedimentation ratio 
observed was 1 to 17.6. This indicated, following 
the previously mentioned reasoning, that the par- 
ticle size of the medicament in the control suspension 
was 4.2 times larger than that of the insonated sus- 
pension. 

The sulfathiazole suspensions thus evaluated 
showed a sedimentation ratio of 1 to 11.6, and the 
particle size of the solid in the control suspension 
was 3.4 times larger than that of the insonated sus- 
pension. 

The procaine penicillin G suspensions exhibited a 
sedimentation ratio of 1 to 4.6, and the particle size 
of the su.spended medicament in the control suspen- 
sion was 2.1 times greater than that in the insonated 
suspension. 

From these data, it can be seen that the maximum 
effect of ultrasonics was observed with the bismuth 
subcarbonate suspensions, followed in order by sul- 
fathiazole, zinc oxide, and procaine penicillin G. 

It must be noted, however, that at maximum con- 
ditions of insouation both sulfathiazole and procaine 
penicillin G suspensions showed some evidence of 
decomposition, exhibiting a change in color and 
developing a disagreeable odor. 

Effect of Ultrasonics on Concentrated Suspen- 
sions. — At this point in the study, it was desired to 
evaluate the effect of ultrasound on more concen- 
trated suspensions of the previously mentioned 
compounds. Since it was evident from the fore- 
going results that the greatest effect was evidenced 
when the suspensions were subjected to insonation 
at an intensity of 110 (estimated at 365 watts) for a 
period of fifteen minutes, these conditions were used 
exclusively in this phase of the investigation. Since 
sulfathiazole and procaine penicillin G previously 
showed evidence of decomposition, further investiga- 
tion of these suspensions was abandoned. 

The spectrophotometric method previously used 
to evaluate the suspensions not only was impractical 
for high concentrations, but provided only relative 
particle size relationships by means of an indirect 
parameter, such as absorbance. Thus, it became 
necessary to find a method that would provide an 
entire particle size distribution of the solids in sus- 
pension and that would also furnish data for calcula- 
tion of absolute mean diameters of the particles. A 
liquid elutriation method was investigated, but it 
proved to be insufficiently sensitive to classify par- 
ticles smaller than 10 microns. Finally the Andrea- 
sen pipet, as described by Schweyer (9) produced 
satisfactor 5 ' results. This apparatus operates on 
the principle that if samples are taken from a con- 
stant level near the bottom of a cylinder containing 
a suspension, at appropriate intervals of time, 
Stokes’ law' can be applied and the particle size dis- 
tribution of the suspension can be calculated. 

Since increasing the concentration of any solid 
material in a liquid medium results in a greater 
tendency towards particle flocculation in the sus- 
pension, a small amount of a protective colloid and 
a dispersing agent w’as added. Three different 
media were therefore used: distilled water, distilled 
water and 0.1% sodium carboxymethylcellulose 


(CMC), and distilled water and 0,1% Marasperse 
C. In the case of bismuth subcarbonate, a com- 
bination of 0.05% CMC and 0.05% Marasperse C in 
distilled water was used in lieu of 0.1% Marasperse 
C, because better initial dispersion ivas thus ob- 
tained. Three concentrations of the solid materials 
were used; 2, 5, and 10%. 

Figures 1, 2, and 3 show sample plots of the par- 
ticle size distribution obtained from the data. 
Tables II and III indicate the relative effect of 



Fig. 1. — Particle size distribution of 2% zinc oxide 
suspensions in distilled water. 



0.3 1.0 10.0 50.0 

DIAMETER IN MICRONS 

Fig. 2. — Particle size distribution of 2% zinc oxide 
suspensions containing 0.1% CMC. 



Fig. 3. — Particle size distribution of 2% bismuth 
subcarbonate suspensions in distilled wotor 
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Table II.— Particle Size of Insonated and Xoninsonated Zinc Oxide Suspensions 


Concentration c-f 

ZnO in Distilled H;© 

ZnO with 0.1% 

CMC 

ZnO in 0.1% 

Marasperse C® 

Zinc Oxide 

dav.® 

sb 

dav. 

s 

dav. 

s 

2’^c (Control) 

S.5 

6.5 

14.5 

9.6 

1.8 

3.0 

59c (Control) 

22.1 

IS. 5 

19. S 

10.9 

1.2 

2.2 

lO^T (Control) 

26.9 

S.2 

17.3 

11.0 

1.5 

3.4 

2'~c (Insonated) 

1.2 

1.6 

0.85 

0.94 

0.58 

0.24 

59c (Insonated) 

1.9 

3.5 

9.6 

9.6 

0.64 

0.36 

109ii (Insonated ) 

26.9 

9.9 

12.9 

11,0 

0.71 

0.50 

® Arithraetic mean diameter 

in microns. 






1* Standard deviation calculated from the formula- i = 

/Z nd~ , 

\j - dttv.' 

Vs n 




« Marathon Corporation, Rothschild, Wis. 







Table III. — Particle Size of 

Insonated 

AND XONTNSONATED 

Bissiuth 

Sun CARBONATE 

Suspensions 

Concentration of 

In Distilled Water 

With 0.1% CMC 

With 0.05% CMC 
and Marasperse C 

Bi Subcarbonate 

dav 


dftV. 

s 

dav'. 

J 

2% (Control) 

7.3 

7.2 

4.9 

4.7 

5.3 

4.9 

5% (Control) 

8. 1 

7.8 

0.0 

8.2 

5.2 

6.0 

10% (Control) 

9.0 

8.6 

4.8 

5.0 

5.2 

5.1 

2% (Insonated) 

4.0 

5.1 

3.4 

3.3 

3.8 

4.5 

5% (Insonated) 

3.8 

5.4 

4.5 

4.4 

3.4 

2.S 

109o (Insonated) 

4.5 

4.2 

4.0 

3.6 

4.5 

4.0 


o Arithmetic mean diameter in microns 
b Standard deviation calculated from the formula: 



ultrasonics on the various particle diameters of the 
suspended medicaments. The zinc oxide suspen- 
sions in distilled water showed that as the concen- 
tration of the solid was increased, the mean diameter 
of the particles increased. This effect was mini- 
mized by the addition of CMC and was not ob- 
served with the suspensions containing Marasperse 
C. This would indicate that the addition of these 
agents prevent initial flocculation of the particles, 
thus permitting ultrasonics to exert its reducing ef- 
fect, irrespective of concentration. One possible 
explanation is that by keeping the particles in a de- 
flocculatcd form, these agents permit the ultrasonic 
waves to reach the individual particles more readily 
and thereby exert their reducing effect. However, 
in all cases, the mean particle size of the solids in the 
control suspensions was larger than the correspond- 
ing insonated suspensions, justifying the original 
premise tliat ultrasound would break up suspended 
particles. 

There did not seem to be any significant differ- 
ence in the effect of concentration on the bismuth 
Eubcarbonate suspensions, even with those in plain 
distilled water. The chemical and physical struc- 
ture of this compound seems to make it less prone 
to particle flocculation tlian was the case with zinc 
oxide. However, all suspensions shoived a reduc- 
tion in particle size when subjected to ultrasonics. 

SUMMARY 

1 The effect of ultrasonic intensity and time 


of insonation on dilute suspensions of four 
commonly used medicaments was studied. 

2. The effect of ultrasonic vibrations on more 
concentrated suspensions of zinc oxide and bis- 
muth subcarbonate was reported. 

3. The influence of the addition of a suspend- 
ing agent (Ci\IC) and a deflocculating agent 
(Marasperse C) to suspensions of zinc oxide and 
bismuth subcarbonate was observed. 

4. In all cases, ultrasonic energy reduces the 
particle size of the suspended medicament and re- 
tards its rate of sedimentation, providing a more 
stable preparation. 
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Anti-inflammatory Effects of Romilar 

By LOWELL O. RANDALL and JOSEPH J. SELITTO 


Analgesic, antiedematous, and antipyretic effects of Rornilar, N-acetyl-/^-amino- 
pbenol, /-phenylephrine, chlorpheniramine and a mixture of these ingredients have 
been demonstrated on the inflamed foot of the rat. Codeine has primarily a centra 
analgesic efifect; salicylate and acetophenetidin have primarily a peripheral ana^esic, 
antipyretic, and antiedematous effect while Romilar, N-acetyl-^-ammophenol, phenyl- 
ephrine, and chlorpheniramine and a mixture of these ingredients have mixed central 

and peripheral effects. 


R omilar® (dextromethorphan) is a cough 
suppressant which has the clinical anti- 
tussive effectiveness of codeine (1). Romilar® 
does not have the potent analgesic effects and 
addictive properties of narcotics (2-4). In order 
to provide stronger analgesic properties and more 
decongestant properties, a mixture of Romilar®, 
chlorpheniramine, ^-phenylephrine and N-acetyl- 
p-aminophenol has been prepared. The anal- 
gesic-antipyretic effectiveness of N-acetyl-/;- 
aminophenol vvas discovered by Flinn and Brodie 
(5) and confirmed by Boreus and Sandberg (6) 
and Wallenstein and Houde (7). This paper is 
concerned with the comparison of the analgesic, 
antipyretic, and antiedematous effects of the 
various ingredients alone and the complementary 
effectiveness of the ingredients in a mixture. 

EXPERIMENTAL 

Inflammation in the rat’s foot was induced by the 
injection of 0.1 ml. of a 20% suspension of brewer’s 
yeast into tlie plantar surface. Thresholds to pain 
in the inflamed and control feet were measured by 
the pressure method of Randall and Selitto (8). 
The circumferences of the control and inflamed feet 
were measured with a loop of string attached to a 
millimeter scale according to the procedure of Selitto 
and Randall (9). Temperatures of the feet and the 
skin of the back were measured with the Universal 
Thermometer manufactured by Electro Laboratory' 
of Copenhagen. 

Drugs were injected subcutaneously into five 
rats at each dose level and five controls were used. 
The changes in pain threshold, size, and tempera- 
ture of both inflamed and control feet, and of skin 
temperature were measured at intervals of 1, 2, and 
4 hours after the administration of the drug. The 
degree of analgesia was calculated as the increase in 
mm. Hg in the pain threshold of treated animals in 
comparison with controls. Temperature changes 
of the feet and skin were recorded as the difference 
in degrees centigrade between treated and control 
animals. Antiedematous effects were calculated as 
the per cent inhibition of the swelling of the feet of 
treated animals in comparison with the control 
animals. 

* Received August 20. 1957, from the Department of 
Pharmacology, HoHraann-La Roche, Inc., Nutley 10, N. J. 


RESULTS AND DISCUSSION 

Analgesic effects as indicated by the increase in 
the pain threshold of the inflamed foot were evident 
with Romilar®, N-acetyl-p-aminophenol, /-phenyl- 
ephrine, chlorpheniramine, and the mi.xture of these 
ingredients. Also analgesic effects were observed 
with saEcylate, acetophenetidin and codeine. The 
relative order of decreasing potency' calculated as 
the dose in mg./Kg. which induced an in- 
crease in threshold of 120 mm. Hg was as follows: 
chlorpheniramine 1, /-phenylephrine 8, codeine 10, 
Romilar® 10, salicylate 100, acetophenetidin 200, 
and N-acetyl-/>-aminophenol 400. 

The Romilar® CF induced an increase in the pain 
threshold also. A dose of 2 cc./Kg. orally of the 
mixture raised the threshold over 100 mm. Hg. 
This dose contained 6 mg. of Romilar®, 0.5 mg. of 
chlorpheniramine, 2 mg. of /-phenylephrine, 48 mg. 
of N-acetyl-^-aminophenol. As tested on inflamed 
tissue this combination had an antipy'retic-analgesic 
effectiveness approximately equal to the narcotic 
analgesic effects of 10 mg. of codeine. 

Significant analgesic effects as measured on the 
pain threshold of normal noninflamed foot was ob- 
served only' with relatively high doses of codeine, 
Romilar®, N-acety'l-/'-aminophenol, /-phenyleph- 
rine, chlorpheniramine, and the mixture. These ef- 
fects appeared only' at doses 2 to 4 times those which 
rvere effective on the pain threshold of the sensitive 
inflamed foot. 

Coincident w'ith the elevation of pain threshold 
of the inflamed foot, there is reduction of swelling 
and temperature of the foot W'ith all compounds ex- 
cept codeine. These results are interpreted as indi- 
cating that only' coddne has true central analgesie 
effects and lacks any peripheral antipyretic and 
antiedematous effects. In contrast, acetopheneti- 
din and salicylate have primarily' a peripheral action 
in that they' elevate the pain threshold and reduce 
edema and temperature of the inflamed foot without 
affecting the pain threshold of the normal foot. The 
mixed effects of Romilar®, N-acetyl-p-aminophenol, 
/-pheny’lephrine, chlorpheniramine, and the Romi- 
lar® CF mixture in elevating pain thresholds, re- 
ducing edema and lowering temperature indicates a 
mixed central and peripheral effect of these com- 
pounds. There is the possibility that the peripheral 
anti-inflammatory effects of these compounds could 
partially be explained on a circulatory basis also. 
The permeability' of inflamed tissues could readily 
be changed either by' an increase or a decrease in 
circulation rates and pressures. Under the experi- 
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Table I. — Anti-inflasimatory Effects in Rats 


Analgesia — s 






Infl. 

Normal 

Anti- 

.. ■■ ■ 

—Antlpyresis- 

V 





Foot 

Foot 

edema 

Infl. 

Normal 






mm. 

ram. 

% 

Foot 

Foot 

Skin 


Dose, 


Time 

Hg 

Hg 

Inhi- 

® C. 

° C. 

® C. 

Compound 

raq /Kg. 

Route 

Hr. 

Increase 

Increase 

bition 

Change 

Change 

Change 

Romilarf 

6.25 

PO. 

1 

5S 

0 

0 

-1.6 

-0.2 

-0.1 




4 

10 

0 

0 

0 

0 

0 

RomilarS 

12 5 

P.O. 

1 

130 

26 

13 

-1.9 

-0.2 

-0.3 




4 

42 

0 

0 

-0.6 

-0.1 

0 

Romilar*' 

25.0 

P.O. 

1 

232 

123 

23 

-2.3 

-PO.4 

-fO.l 




4 

210 

95 

20 

-0.6 

0 

0 

X-acctyl-p-aminophenoI 

100 0 

P.O. 

1 

4 

0 

0 

0 

0 

0 




4 

0 

0 

0 

0 

0 

0 

X-acetyI-/)-aminophenol 

200 0 

P.O. 

1 

100 

32 

14 

-1.0 

0 

-0.4 




4 

0 

0 

0 

0 

0 

0 

X-acetyl-/i-aniinophenoI 

400 0 

P.O. 

1 

235 

123 

44 

-3.9 

-1.7 

-2.0 




4 

220 

115 

30 

-1.4 

-0.9 

-1.0 

Acetophenetidin 

200 0 

P.O. 

1 

109 

36 

18 

-1.3 

-0 2 

-1.0 




4 

0 

20 

0 

+ 0.1 

+ 0.7 

-0.4 

/-phenylephrine 

2.5 

P.O. 

1 

8 

0 

0 

+ 0.2 

-t-0.1 

+0.4 




4 

0 

0 

0 

0 

0 

0 

/-phenylephrine 

5.0 

P.O. 

1 

71 

23 

0 

-0.0 

-0.7 

-0.4 




4 

7 

0 

0 

0 

0 

0 

/-phenyleplirinc 

10 0 

PO. 

1 

129 

42 

0 

-0 3 

-0.5 

-0.1 




4 

24 

7 

0 

0 

0 

0 

Chlorpheniramine 

2 5 

P 0. 

1 

69 

12 

9 

-0 8 

-0.5 

-0.2 




4 

0 

0 

0 

0 

0 

0 

Chlorpheniramine 

5.0 

P.O. 

1 

124 

49 

12 

-0 9 

-0 9 

-0.4 




4 

0 

0 

0 

0 

0 

-0 4 

Chlorpheniramine 

10 0 

P.O. 

1 

204 

122 

19 

-1.2 

-1 2 

-O.C 




4 

23 

7 

0 

0 

0 

0 

RomilarS CF, cc /Kg 

0 25 

P.O. 

1 

44 

4 

9 

-fO.2 

+0 1 

0 




4 

0 

0 

0 

0 

0 

0 

1 cc. contains: 










3 ing RomilarS 

0 5 

P.O. 

1 

69 

32 

14 

-0 2 

-0 1 

+0.9 




4 

0 

0 

0 

0 

0 

0 

0.25 mg. chlorphenir- 










amine 










1 mg. /-phenylephrine 

1 0 

P.O 

1 

SO 

24 

19 

-0 4 

+0 3 

-1.0 




4 

0 

0 

0 

0 

0 

0 

24 mg. X-acetyl-p- 










aminoplienoi 

2 0 

PO. 

1 

114 

48 

19 

-1 0 

-0 1 

-0 8 




4 

7 

0 

0 

0 

0 

0 


4 0 

PO. 

1 

176 

84 

29 

-1 3 

-0 2 

-0.5 




4 

41 

0 

0 

-0 0 

0 

0 


8 0 

P.O. 

1 

240 

97 

29 

-2 6 

-0 0 

-1.3 




4 

74 

58 

0 

-0 9 

-t-0 7 

+0.2 

Codeine 

0 25 

P.O. 

1 

58 

35 

0 

0 

0 

0 




4 

0 

0 

0 

0 

0 

0 

Codeine 

12 5 

PO 

1 

144 

92 

0 

0 

0 

0 




4 

12 

0 

0 

0 

0 

0 

Codeine 

25 0 

P O 

1 

235 

136 

0 

0 

0 

0 




4 

103 

38 

0 

0 

0 

0 

Xa Salicylate 

50 0 

P o. 

1 

40 

0 

14 

-fO 3 

-fO.7 

+0.1 




4 

0 

0 

0 

0 

0 

0 

Xa Salicylate 

100 0 

P 0 

1 

116 

0 

19 

-1 5 

0 

0 




4 

45 

0 

0 

0 

0 

0 

X'a Salicylate 

200 0 

P o 

1 

209 

0 

24 

-2 0 

-0.2 

+0.1 




4 

132 

0 

10 

-1 0 

0 

0 


mental conditions cniplo\ed in producing the edema 
in the rat’s foot and relieving it ^\ith various agents, 
circulator}* effects could exert important changes 
uhicli might be measured as apparent antipyretic, 
antiedematous, and analgesic effects. This question 
has not been adequately resolved. 
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Paper Chromatography of I^^^-Labeled lodopropylidene 
Glycerol With Autoradiographic Identification* 

By GEORGE F. HOFFNAGLEt, CATHERINE N. SIDERI, 
and ARTHUR OSOL 

The paper chromatographic characteristics of iodopropylidene glycerol in various 
solvent systems were investigated. Certain quantitative evaluations of the chromato- 
graphic data were made possible through tagging pf the compound wim I . _ Auto- 
radiograms of chromatograms were also prepared, in connection with which the 
relationship of radioactivity of test specimens to duration of exposure in preparing 
the autoradiograms was studied. 


'^His STUDY WAS OCCASIONED by the need for 
developing suitable analytical techniques to 
be used in certain phases of an investigation of 
the biological distribution and fate of iodopro- 
pylidene glycerol (1, 2), hereafter referred to as 
XSQi,-i. SAfe Awd QV Ally e.ffics.c.ia’is SQUsce* q£ iodine, 
for nutritional and therapeutic use in humans 
(3-6). 

Specifically, knowledge of the chromatographic 
characteristics of IPG in various solvent systems 
was required in order to permit identification of 
the I’^'-iabeled compound(s) in the microgram 
quantities present in preparations of biological 
material (1). Location of the "spots” obtained 
by paper chromatography of tagged IPG was 
effected by scanning the paper with a Geiger- 
Mueller tube and attached counter. More 
exact delineation of the spots was achieved by 
preparing on X-ray film autoradiograms of the 
chromatograms. 

EXPERIMENTAL 

Chromatographic Studies. — An ascending tech- 
nique, along lines described by Williams and Kirby 
(7), was chosen for this work. The IPG, tagged 
with 1‘’‘ by an exchange method (2), was applied 
to the paper as a solution in chloroform The 
amount of IPG applied to the paper was determined 
from counts of total radioactivity obtained w'ith the 
scanning equipment before the chromatography 
was begun. Sheets of Whatman No. 1 paper were 
used. Applications of the solution ware made at 
points 5 cm. apart along a line parallel to the bottom 
edge of the paper and 1 cm. above the solvent level. 
The paper was made into a cylinder by securing the 
vertical edges with paper clips The chromatog- 
raphy chamber was saturated with the vapor of the 

* Received Aurd 5. 1957. (com Uie Deuwtmetvt of Ctiemvs- 
try, Philadelphia College of Pharmacy and Science 

Presented to the Scientific Section. A Pn A , New Vort 
meeting. May U)o7 

Abstracted in part from a dibsertation submitted by 
George F Hoffnagle to the Graduate School of the Phila- 
delphia College of Pharmacj' and Science in partial fulfillment 
of the requirements for the degree of Doctor of Science 

This investigation was supported in part by a grant from 
Henry K Wampolc S. Co . Inc , Philadelphia. Pa 
t Present address SO Forest Ave , Verona. N J 
' Preparations of IPG used in this study were supplied by 
Henry R Wampolc S: Co , Inc , Philadelphia, Pa 


solvent through the night preceding the start of 
each chromatographic experiment. 

The following solvent systems were investi- 
gated; (1) The upper phase of an equilibrium mix- 
ture of M-butanoi and 2 N formic acid in water. 
(2) The upper phase of an equilibrium mixture of 
20% ^-dioxane in n-butanol with a 2 N aqueous 
solution of ammonia. (5) The upper phase of an 
equilibrium mixture of n-butanol with 0.2 M so- 
dium phosphate buffer at pH 7.2. (4) Isopropyl ether 
saturated with water. (5) Toluene saturated with 
water. (6) The ethyl acetate phase of a 6 : 1 equilib- 
rium mixture of ethyl acetate and water. (7) 
The lower phase of an equilibrium mixture of 11 
volumes of carbon tetrachloride, 2 volumes of 
p-dioxEine, and 1 volume of water. (5) The upper 
phase of an equilibrium mixture of 10 volumes of 
toluene, 5 volumes of isopropyl ether, and 1 volume 
of water. (9) Water alone. (10) Water saturated 
with H-butanol. (11) A 2-phase system composed 
of an immobile phase of 2% glacial acetic acid in pro- 
pylene glycol, and a mobile phase of a 1 : 1 mixture 
of benzene and cyclohexane. (12) A 2-phase sys- 
tem composed of formamide (applied as a 30% solu- 
tion in acetone) as the immobile phase, with a mix- 
ture of 20 volumes of isooctane, 10 volumes of ben- 
zene, and 1 volume of formamide as the mobile phase. 

The butanol-phosphate buffer system, represented 
by (3) above, was chosen for the biological studies 
because the IPG isomers did not appreciably sepa- 
rate, but were sufficiently well separated from other 
expected iodine compounds, and the pH of the buffer 
prevented decomposition of iodides to free iodine. 

Detection and Quantitative Evaluation of Radio- 
active Spots. — The completed chromatograms were 
air-dried, then scanned for location of radioactive 
spots using an end-window, organic-vapor-quenched, 
Geigcr-Mueller counter tube enclosed in a 1.25 cm. 
lead shield, inverted under a 50 X 50 cm. Plexi- 
glas table of 0.65 cm. thickness (Fig. 1). A 2 X 2 
cm. opening in the table and in the lead shield over 
the window of the counter tube pennitted counting 
over ao area of 4 sq. cm. ; light entering through the 
Plexiglas outlined the area of the paper being counted 

By ruling off at right angles distances of 2 em. 
from the point of application of the material which 
had been chromatographed, the path of the migrat- 
ing materials could be accurately surveyed. The 
initial counts of radioactivity were for one minute. 
The rulings permitted easy and reproducible return 
to any area of the paper to obtain replicate and 
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Fig. l.-Scanning fable for detection and estimation 
of radioactive substances on paper chromatograms. 


longer counts. .A^n estimate of relative concentra- 
tions of radioactivity of different areas on a chromato- 
gram was obtained by subtracting the background 
(usually about 30 counts per minute) from the count- 
ing rate for each area, then dividing the value for 
each area bj' the sum of the values for all areas. 

Autoradiographic Studies. — To facilitate location 
and delineation of radioactive spots, autoradiograms 
of the chromatograms wore prepared. The film 
used was Kodak type K X-ray film, in 1 Va X 16 
inch strips. Boyd (8) found that for low intensity 
e.xposures this film is more sensitive to I‘*' than No- 
Screen and other commonly available X-ray films. 
The film was placed flat directly over the chromato- 
gram along the line of travel of the sample and 
stapled on. The origin and solvent front lines were 
marked on the film with India ink at the time of 
placement. 

It was desired to continue the autoradiographic 
e.xposure long enough to record weakly radioactive 
spots, which procedure resulted in ovcrc.\posure of 
strongly radioactive spots. In this connection, 
it was considered important to correlate the ob- 
seiwcd count of a sample on the scanning table with 
exposure time of the film. Pole (9) recommended 
an exposure time corresponding to 10’ disintegra- 
tions per sq. cm. A series of dilutions of a sodium 
radio-iodide solution standardized by Abbott 


Laboratories, diluted in 1% potassium iodide solu- 
tion, was prepared and the corrected counts per 
minute obtained on the scanning table. By this 
method a ratio of 283 ± 4.8 counts per minute per 
raillimicrocurie was established over the range of 36 
to 1125 counts per minute, or 0.13 to 4 millimicro- 
curies. 

A series of identical radioactive spots was prepared 
on Whatman No. 1 paper, having a eorrected count 
of 275 counts per minute (0.97 millimicrocurie). 
After drj’ing, a square of Kodak t\’pe K X-ray film 
was placed directly over each spot. The films were 
removed at various times as indicated in Fig. 2. 
All the squares were developed at the same time, in 
strict accordance with directions for the film. It 
will be noted that at 10’ disintegrations, appro.xi- 
mately maximum density of the image was obtained, 
and adequate density for detection n-as obtained 
with as little as 2.5 X 10® disintegrations. 

RESULTS AND DISCUSSION 

The chromatographic data obtained for IPG in 
different solvent systems, expressed in tenns of the 


> 



Vs Hour 

6.0 X 10® d. 

1 Hour 

1.3 X 10® d. 

2 Hours 

2.5 X 10® d. 

1 


o 

4 Hours 

5.0 X 10® d. 

8 Hours 

1.0 X 10® d. 

1 Dav 

3.0 X 10® d. 

9 


# 1 

2 Daj's 

5.7 X 10® d. 

4 Days 

1.1 X 10’ d. 

8 Days 

1.8 X 10’ d. 


Fig. 2. — Efieet of varying exposure time to identi- 
cal I”‘ spots, in terms of reaetion density of Kodak 
Type K film. 


Table I. — Chromatographic Data for IPG in’ Various Solvent Systems 


Soh ent 

R/ 

—Spot 1 

Component, 

Rr 

-Spot 2— — ^ 

Component, 

Rr 

-Spot 3 

Component, 

% 

Value 

% 

Value 

% 

Value 

1 

0 79 

6 

0.85 

39 

0.89 

55 

2 

0 61 

92“ 

0.90 

5 

0.93 

3 

3 

0 SO 

7 

0.84 

32 

0.89 

61 

4 

0 66 

6 

0 83 

50“ 

0.93 

44 

,5 

0 00 

79 

0 97 

21“ 



6 

0 06 

lOO- 





7 

0 00 

10 

0 91 

24 

0 97 

00 

S 

0 96 

100“ 





0 

0 82 

100“ 





10 

0 79 

5.5 

0 84 

4.5 



n 

0 03 

42 

0 so 

58“ 



12 

0 00 

75 

0 75 

25“ 
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A. A. C. 

Fig. 3 —Autoradiograms of chromatograms using 
solvent (3), «-butanol saturated with sodium phos- 
phate buffer at pH 7.2. A. 21PG. B. Potassium 
iodide tagged with radioactive sodium iodide C. 
Mixed IPG. 


if/ value for the spot or spots observed, with an esti- 
mate of the proportion of the component producing 
each spot, are given in Table I. Examples of auto- 
radiograms of clwomatograms obtained with solvent 
No. 3 are shown in Fig 3. 

Duplicate chromatograms were run using each 
solvent, and in those cases where more than one spot 
was obtained another pair of duplicates were ob- 
tained The appearance of multiple spots is not 
surprising in view of the fact that two structural 
isomers of IPG, differing in the position of the iodine 
atom in the molecule, are present, and that a theoret- 
ical total of 12 optical stereoisomers may be present, 
which latter, however, have not been characterized 
( 2 ) 

The Rf values obtained with the various solvents 
indicate relatively good solubility of IPG in polar 
solvents, including chlorinated solvents as well as 
water, and the relatively poor solubility of a large 
proportion of the preparation in hydrocarbons 
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Development of a Germicidal Soap 
Containing Bithionol* 

By S. H. HOPPERt and K. M. WOODJ 

The use of one per cent Tween 80 in culture media reduces the inhibitory action of 
hexachlorophene in surgical scrub soap tests and indicates that hexachlorophene 
provides no appreciable reduction in bacterial count. A mixture of surface-active 
agents containing three per cent bithionol gave a marked reduction in bacterial 
count when used under identical conditions. 

"Previous reports have described work from taining hexachlorophene. However, due to the 

our laboratory on the development of a rela- relatively high number of personnel tvho de- 

tively inexpensive surgical scrub soap (1). The veloped a dermatitis on continued use of this 

germicide in which we tvere interested tvas product, it was discontinued and a search was 

bithionol' in the amount of three per cent by made for a basic material which would not cause 

volmne. Using a coconut fatty acid base the re- any skin reactions. This report describes the 

duction in bacterial count was of the same order action of bithionol in a mixture of surface-active 

of magnitude as a commerical preparation con- agents known as LD-44.= Little or no germicidal 

action would be expected of this anionic mixture 

* Rcccu ed July 25, 195G, from Indiana University Medical in the absence of a Specific germicidal agent 

Center, Indianapolis, Ind r o • iSi-hl. 

Presented at the anninl meeting of the American Society 
of Hospital Pharmacists* April 10, 1950 EXPERIMENTAL 

t Professor of Public Health, Indiana UniNcrsity School of 
Medicine, Indianapolis, Ind _ 

J Manufacturing Pharmacist, Indiana Unuerstty Medical Methods.^ — The procedure Was the serial ha<;in 

Center, Indianapobs, Ind 

* Monsanto Chemical Co , brand name Actamer for 2 2'- 

th.obis (4.0 dichlorophenol). i Obtained from Stepan Chemical Company. Chicago, 111. 
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technique as reported above for the coconut fatty 
acid soap. However, tlie culture media in this case 
contained Tween SO’ as the inactivating agent 
for the germicide. Lawrence and Erlandson, (2, 3) 
had shown that the inhibiting action of he.\achloro- 
pheiic and bithionol was nullified by Tween SO and 
that plate counts made with this nomonic surface- 
active agent in the culture media had a considerably 
higher number of surviving organisms than those 
in n hich scrum was used as the inactivating agent. 

Patch Testing. — The prophetic patcli test was 
done according to the description given by Schwartz 
(4 ) One hundred student nurses volunteered for 
this purpose. The LD-44 containing bithionol did 
not cause any reaction, but the adhesive tape caused 
quite a bit. In a group of 100, the rate of positive 
reactions should not exceed approximately 3% ac- 
cording to the statistical analysis of Henderson and 
Riley (5). Thus the absence of any reactions in 
the group tested exceeds the allowable limits quoted 
by these authors. 

Manufacture of the Germicidal Detergent. — This 
is given in outline as follows. 

1. hlaterials required: liquid detergent-44 (LD- 
44) obtained from Stepan, sodium hydroxide pel- 
lets obtained from Mallinckrodt, bithionol obtained 
from Monsanto, and perfume oil compound No. 
11420 obtained from Fritzche Brothers. 

2. Equipment required: mixing tanks, stainless 
steel, 30-gallon capaciti’. Agitator with variable 
speed, i. e.. Lightening Mixer, model C\’-4. 

3. Formula (10 gallons): 1140 0 Gm. Actamer, 

378.0 Gm. sodium hydroxide, 19000.0 cc. LD-44, 

50.0 cc. perfume oil No. 11420, and distilled water 
to make 38000.0 cc. 

4. Procedure: (a) Dissolve the sodium hy- 
droxide in one gallon of distilled water in the pyre-x 
bottle, then slowly add the .Actamer to the lo'droxide 
solution with constant agitation until all of the Acta- 
iner is dissolved, (b) Place the LD-44 in the stain- 
less steel mixing tank and add the .Actamer solution; 
mix thoroughly at low speed to avoid excessive foam 
fonnatioii. (c) Add the perfume and mix well, then 
add the remainder of the distilled ivatcr. (d) Bottle 
in amber containers. 

RESULTS AND DISCUSSION 

It is apparent from Fig. 1 that the preoperative 
scrub preparation containing 3% he.xachIoropIiene 
did not reduce the bacterial count to any appreci- 
able extent after eight days of continuous use. Fig. 
2 shows a marked reduction in bacterial count after 
the LD-44 containing 3 per cent Bithionol had been 
used for eight days. Note that although neither 
preparation reduced the bacterial count to zero, the 
bithionol germicide reduced the bacterial flora far 
more efleetively than the presciitb' highly publicized 
hexachlorophene products. Thus the number of 
potentially dangerous bacteria left on the skin is 
also reduced. It is obvious that experimental de- 
sign is tremendously important ivith regard to the 
type of results obtained; and it is therefore impera- 
tive to re-evahiate hexachlorophene in the light of 
the action of Tween SO as an inhibitory agent in cul- 
ture media. 

It is probably true that it is not possible to steril- 
ize the skin without destroying it. As Price (0) 
Kiys, “as f;ir as 1 can determine, single periods of 

* .\tlas PoT-flrr Cnmpanv, tVilmi'nclon. Delaware, bran«l 
of (ir.valt',' lepc dcrjvalivc of -orbjlan Tr.nnfH>lc:ite. 



Figure 1. 



Figure 2. 

washing or serubbing from one to ten minutes ivith 
preparations containing G-11 in bar soap, liquid 
soap or phisoderm do not immediately reduce the 
cutaneous baeterial flora any more rapidly than if 
the Washing had been done with Ivory soap.” 

From these observations it may be seen that a non- 
to.xic, effective, and inexpensive gerinieidal scrub 
soap has been developed. 

SUMMARY 


One per cent Tween 80 in culture media re- 
duces the inhibitory action of hexachlorophene in 
a surgical scrub soap and shows that there is no 
appreciable reduction in cutaneous bacterial 
count after eight days of continuous use. A mix- 
ture of stirface-activc agents known as LD-41 
to which three per cent bithionol was added ivas 
tested under the same conditions. It did not 
cause any dennatitis, gave a marked reduction in 
bacterial count after eight days of continuous use, 
and reduced the bacterial flora on the hands to a 
considerably lower level than that obtained with 
the hexachlorojihene jireparation. 
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The Synthesis of Some Substituted 
Thianaphthene-2-carboxamides and 
Their Antifungal Properties* 

By ROBERT W. GOETTSCHf and GAIL A. WIESE 

Thianaphthene-2-carboxylic add, thianaphthene-2-carboxamide and nineteen sub- 
stituted thianaphthene-2-carboxaraides were prepared. All of the compounds were 
screened for their antifungal activity against Trichophyton riihriim and those com- 
pounds which appeared to be equal to or more active than undecylenic acid were 
tested against three other pathogenic fungi. The in vitro aaivity of the compounds 
was compared to the activity of three known antifungal agents: undecylenic acid, 
salicylanilide, and 5-chloro-8-hydroxyquinoline. Of all of the compounds tested, 
N-(2-methylpiperidyl)-thianaphthene_-2-carboxamide, N-cyclohexylthianaphthene- 
2 -carboxamide,andN-morpholinylthianaphthene- 2 -carboxamide were the most ac- 
tive against all four of the fungi. 


T he preparation of 3-substituted thianaph- 
thene derivatives has undergone extensive 
study but only limited research has been directed 
toward the synthesis of the 2-substituted deriva- 
tives. This apparent lack of active research in 
the preparation of the 2-substituted derivatives 
of thianaphthene has been due to the lack of 
known procedures, other than metalation reac- 
tions, by which thianaphthene can be directly 
substituted on the 2-position. 

In this investigation, thianaphthene-2-carboxy- 
Hc acid, thianaphthene-2-carboxaniide and nine- 
teen substituted thianaphthene-2-carboxamides 
were prepared and tested for their antifungal 
activity. Thianaphthene-2-carboxyHc acid has 
been prepared by several investigators by a met- 
alation reaction followed by carbonation and 
acidification. Weissgerber and Kruber (1) found 
that the sodio derivatives prepared by the action 
of sodamide on thianaphthene in hot xylene 
yielded a mixture of thianaphthene-2-carboxylic 
acid and the 2,3-dicarbo.xylic acid. These in- 
vestigators also reported the synthesis of the 
2-carboxylic acid by the reaction of thianaphthene 
with sodamide in liquid ammonia. Schonberg, 
Petersen, and Kaltschnitt (2) reported the 
synthesis of thianaphthene-2-carboxylic acid 
by reacting thianaphthene with powdered so- 
dium in anhydrous ether, followed by carbona- 
tion. Mayer, cl a1. (3), described the synthesis 
of thianaphthene-2-carboxjdic acid from o- 
mercaptobenzaldehyde and chloroacetic acid. 
In 1950 Shirley and Cameron (4) described the 
synthesis of the 2-carboxylic acid by metalation 


* Received Auptist 15, 1957, from the College of Pharmacy, 
State University of Iowa, Iowa City. 

Abstracted from n dissertation submitted to the Graduate 
ColleRC of the State University of Iowa by Robert W. Goet- 
tsch in partial fulfillment of the requirements for the degree 
of Doctor of Philosophy, August, 1957. 

t Fellow of the American Foundation for Pharmaceutical 
Rducation. 1955-1957. Present address' School of Phar- 
macy, University of Kansas, l-awrence. 


of thianaphthene with n-butyllithium to forn 
2-thianaphthenyllithium which was then con- 
verted into the desired acid by carbonation ano 
acidification. 

The thianaphthene-2-carboxylic acid used in 
this investigation was prepared by a modifica- 
tion of the method of Shirley and Cameron 
(4). These modifications included conducting 
the reaction under an atmosphere of nitrogen, 
and controlling the temperature from —20“ to 
0“ for the formation of «-butyllithium and from 
0“ to 20° for the reaction of 7;-but_vllithium with 
thianaphthene. 

EXPERIMENTAL PART I 

Thianaphthene-2-carboxylic acid. — A chilled, 
ethereal solution of 48.04 Gm. (0.75 mole) of n- 
butyllithium, prepared according to the procedure 
of Gilman, cl al. (5), was placed in a three-necked 
flask fitted with a mercury stirrer, dropping funnel 
nitrogen inlet, and a low temperature thermpraeter 
Sixty-sev-en Gm. (0.5 mole) of thianaphthene' wa; 
dissolved in 100 ml. of anhydrous ether and addec 
dropwise from the dropping funnel to the chilled n 
butyllithium solution 'After addition of the thia 
naphthene solution, the mi.vture was stirred for twe 
more hours. The internal temperature of the reac 
tion mixture was maintained at 0° td 20° with j 
freezing mixture of solid carbon dioxide and acetone 
The ethereal solution of 2-thianaphthenylIithiun 
was then poured over a slurry of solid carbon di 
oxide and anhydrous ether. After the carbon di 
oxide had evaporated, the mixtiue was diluted witi 
1,000 ml. of water. The aqueous layer was sepa 
rated and made acid to Congo Red with concen 
trated hydrochloric acid. The mixture was al 
lowed to stand ov-eruight at room temperature ti 
insure sutHcient coagulation of the acid to permi 
filtration. The precipitated acid was then sepa 
rated by filtration, dried and recrystallized fron 
dilute methanol. The air-dried acid yielded 5, 
Gm. or 62% of the theoretical. M. p. 230°. 


* The thianaphthene used in this investigation was sup 
plied through the courtesy of the Texas Company, Beacor 
K. Y. 
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Substituted thianaphthene - 2 - carbotanudes — 
The general reaction procedure cau be illustrated 
b\ the ‘=1 ^the^Is of X benz\ lthianaphthcne-2- 
carboNamide In a 500 ml three necked flask, 
fitted unh a mechanical stirrer, dropping funnel, 
and refluN condenser, Mas placed S9 Gm (0 05 
mole) of thianaphthcno 2 carbow he acid Fortv- 
one Gm (0 34 mole) of thionvl chloride Mas added 
dropMise and the mi\ture refluxed at S0° for one 
hour The excess tliionx 1 chloride m as remox ed by 
distillation under reduced pressure The resultant 
acid chlonde Mas dissoKed m 15 ml of anh3drous 
pxndinc, then 10 7 Gm (0 1 mole) of benzj lamme, 
dissohcd 111 15 nil of anlndrous px ndme, xxas 
added dropxx ise at room temperature The reaction 
mixture x\ as refluxed for three hours and then poured 
into 300 ml of xxater The precipitated amide xxas 
separated bx filtration, dried and recrj'stalhzed from 
a mixture of equal parts of acetone and eth 5 d alcohol 
The purified amide xxas then dried m x’acuum at 
70° The X leld xxas 11 4 Gm or 85% of the theo- 
retical M p 142-143° Anal Calcd . N, 5 20%, 
Found X, 5 15% 

The conditions of the reactions for the preparation 
of the compounds m this inxestigation arc given in 
Table I ^letliod A inx-olx ed the addition of the 
amine at room temperature xxliile m method B the 
reaction x essel xx as cooled by an ice salt freezing 
mixture during the addition of the amine 

EXPERIMENTAL PART 11 

The compounds prepared in this mx’cstigation 
xxeie screened for their antifungal actix It) b) a mod- 
ification of the paper disk technique similar to that 
reported b) Collins and Wiese (0) The fungi used 
Mere Mjcrosporum gypseum, Microsporwn cams, 
Trichophyton rubrum, and Trichophyton mentagro- 
pinics Sabouraud’s dextrose agar, pH 5 0, xxas 


used as die culture medium Aqueous suspensions 
of spores of the test organisms xx ere prepared from 
fourteen da) agar slant cultures mIucIi h id been in- 
cubated at room temperature The suspensions 
Mere prepared bx adding 20 ml of stcnle xxater for 
injection to the agar slant, grinding the colonx 
groxxth xxitli the aid of a sterile glass stirring rod, 
and transferring the suspension to a xxide mouth 
glass bottle containing small glass beads 1 he 
colony groxxth xxas pulxerized into a honiogcncoiis 
suspension b) agitation of the glass container 3 lie 
culture plates xxere prepared bx pouring 20 ml of 
the sterile culture medium into culture plates xxliicli 
xxere prexiousl) sterilized by heating m an oxen at 
140° for four hours After solidification of the 
agar, the plates xxere inoculated xxitli 1 ml of the 
aqueous spore suspension 

The testing procedure consisted of immersing the 
paper disks into an acetone solution of the compoimd 
for thirty seconds and then draining off the excess 
liquid by touching the disk to the xxalls of the con 
tamer The disks xxere placed on each culture pi ite 
and duplicate plates xxere run for each compound 
The plates xx ere then incubated at room temperature 
for fourteen da)s and the zones of inhibition re- 
corded The zones of inhibition xxere measured as 
the inmimum distance betxxcen the pcripherx of the 
paper disk and the colony groxxth Control plates 
containing the medium and acetone onl) xxere in- 
cluded m each of the tests The tn vitro actix ity 
of the compounds xx as compared to the actixatv of 
three knoxxn antifungal agents undec)lenic acid, 
sahc) lanihde, and 5 ehIoro-8 h) droNyquinohnc 
A preliminary screening of all of the compounds 
xxas conducted against Trichophyton rubrum and the 
results of this initial testing are recorded m Table 
II Only those compounds xxhich appeared to bo 
equal to or more active than undecyleiiic acid xxere 
tested against the other fungi The results of these 
experiments are given in Table III 


Table I — Substituted TiiiANAruTKENE-S carboxamides 


Period 

of 


No 

Amme Component 

Method 

Re 

fluxmp 

Hr 

Reerj stallization 
boivcnt 

Yield 

Vo 

M p 

N 

C lied 

N, 

Potind 

1 

p Cliloroaniline 

A 

3 

Acetone-ethanol 

89 

208-209 

4 87 

4 

88 

2 

«i Cliloroaniline 

A 

3 

Ethanol 

54 

105-100 

4 87 

4 

&1 

3 

0 Cliloroaniline 

A 

3 

Ethanol 

02 

131 

4 87 

4 

81 

4 

2,4-Dichloroamlme 

A 

3 

Acetone ethanol 

8G 

145 

4 35 

4 

38 

5 

2,5 Dichloroamhne 

A 

3 

Acetone ethanol 

90 

135-130 

4 35 

1 

20 

0 

Morpholine 

B 

3 

Ethanol 

47 

99-99 5 

5 00 

5 

53 

7 

Bcnzxlamiiie 

A 

3 

Acetone ethanol 

8a 

142-1 H 

5 20 

5 

15 

S 

Cxclohe\)lammc 

B 

3 

Acetone ethanol 

79 

101-102 

5 40 

5 

.38 

9 

Allx 1 amme 

B 

3 

Ethanol 

82 

118 

0 44 

0 

.37 

10 

p-Hx droxx aiiilme 

A 

G 

Acetone ethanol 

GO 

229-230 

5 20 

5 

21 

11 

2 Metlix Ipiperidme 

B 

I 

Ethanol 

70 

83 

5 40 

5 

32 

12 

Phenxlcthxlamiiie 

A 

3 

Ethanol 

70 

123 

4 97 

1 

01 

n 

r Hexx lammc 

B 

3 

Ethanol 

80 

58-59 

5 35 

5 

20 

14 

m Toluidine 

A 

4 

Acetone ethanol 

78 

150 

5 2( 

.5 

10 

15 

o Aiii'idmc 

A 

4 

Ethanol 

78 

121 .5-122 

4 04 

4 

87 

10 

p -4.ni^idine 

A 

4 

Ethanol 

77 

180 

4 91 

1 

88 

17 

p-Toluidine 

A 

4 

Ethanol 

7t 

105-100 

5 21 

.5 

01 

IS 

Pipcndiiie 

B 

3 

Ethanol 

8") 

125 

5 70 

5 

.53 

10 

2 Vminopxridmc 

A 

3 

Ethanol 

78 

131-1.33 .5 

11 02 

11 

15 

20 

-Vmmonia 

B 

1 

Ethanol 

80 

170 

7 00 

7 

80 

21 

Viiilme 

A 

2 

Ethanol 

02 

18S-189 

5 .53 

5 

49 
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Table II. — Zones op Inhibition in Millimeters of the Radii Segments against T. rubrdm 


Amine Component 

0.25% 

0.5% 

1.0% 

2.0% 

4.0% 

/j-Chloroaniline 

3 

3 

3.5 

4 

5 

ni-Chloroaniline 

1 

1 

1 

1 

1 

o-Chloroaniline 

2 

2 

2 

2 


2,4-DichloroaniIine 

0 

0 

0 

0 

0 

2,5-Dichloroaniline 

2 

2 

2 

2 

2 

Morpholine 

2 

3 

5 

7 

9 

Benzylamine 

2 

2 

2 

2 

2 

Cydohexylamine 

12 

12 

12 

12.5 

15 

Allyl amine 

4 

4.5 

6 

6 

9 

/j-Hydroxyaniline 

0 

0 

0 

0 

0 

2-Methylpiperidine 

4 

7 

7 

7 

7 

Phenylethylamine 

7 

7.5 

7.5 

9.5 

10 

B-Hexylamine 

5 

6 

7.5 

8 

9 

j)i-Toluidine 

5 

5 

6 

6 

7 

o-Anisidine 

0 

0 

0 

0 

0 

^-Anisidine 

1.5 

2 

3 

5 

e 

^-Toluidine 

5 

5 

6 

6 

6 

Piperidine 

0 

0 

0 

0 

0 

2-Aminopyridine 

3 

3.5 

4 

4 

4 

Ammonia 

1.5 

2.5 

3 

6 

6 

Aniline 

0 

0 

0 

0 

0 

Thianaphthene-2-carboxylic acid 

0 

0 

0 

1 

1 

Undec 3 denic acid 

0 

0 

2.5 

4.5 

4.5 

5-Chloro-8-hydrox3'quinoline 

18 

20 

31 

31 

34 

Salicylanilide 

2.5 

3.5 

4 

4 

4 

Acetone 

0 

0 

0 

0 

0 


Table III. — Zones of Inhibition in Millimeters of the Radii Segments 


Amine Component 

%. w/v 

1/. 

gypscum 

il. 

cants 

T. 

rubtum 

r. menla~ 
grophytcs 

p-Chloroaniline 

0.25 

0 

0 

3 

0 

0.5 

0 

0 

3 

0 


1.0 

0 

0 

3.5 

0 


2.0 

0 

0 

4 

0 


4.0 

0 

0 

5 

0 

Morpholine 

0.25 

0 

2.5 

2 

0 


0.5 

0 

3 

3 

0 


1.0 

0 

3 

5 

2 


2.0 

2 

4 

7 

5 


4.0 

6 

5 

9 

7 

C3’clohexylamine 

0.25 

1 

3 

12 

1 


0.5 

1 

5 

12 

2 


1.0 

1 

6 

12 

3 


2.0 

1 

6 

12.5 

3 


4.0 

2 

7 

15 

4 

Allyl amine 

0.25 

0 

2 

4 

0 


0.5 

0 

3 

4.5 

0 


1.0 

0 

3.5 

6 

0 


2.0 

0 

3.5 

6 

0 


4.0 

1 

4 

9 

0 

2-Meth3dpiperidine 

0.25 

4 

6 

4 

4.5 


0.5 

4 

7 

7 

1 


1.0 

4 

7 

7 

7 


2.0 

4 

8 

7 

7.5 


4.0 

5 

8 

7 

3 

Phenyleth 3 damine 

0.25 

1 

2.5 

7 

2.5 


0.5 

1 

3.5 

7.5 

2.5 


1.0 

1 

6 

7.5 

2.5 


2.0 

1 

6 

9.5 

2.5 


4.0 

1 

7 

10 

3 

n-Hcxylamine 

0.25 

1 

2 

5 

1 


0.5 

1 

2 

6 

2 


1.0 

1 

2.5 

7.5 

2 


2.0 

1 

2.5 

8 

3.5 

wi-ToInidine 

4.0 

2 

3 

9 

4 

0.25 

0 

1 

5 

0 


0.5 

0 

1 

5 

0 


1.0 

0 

1 

6 

0 


2.0 

0 

1 

6 

0 


4.0 

0 

2 

7 

0 
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■Amine Component 

U. w/v 

p-Aiiisidine 

0.25 

0.5 

1.0 

2.0 

4.0 

/>-Toluidine 

0 25 
0.5 
1.0 
2.0 
4.0 

2-Aminopyridine 

0.25 

0.5 


1.0 

2.0 

4.0 

Ammonia 

0.25 

0.5 

1.0 

2 0 

4 0 

Undecylenic acid 

0 25 
0.25 
1.0 
2.0 
4.0 

.5-Chloro-8-hydroxyquinoline 

0.25 

0.5 

1.0 

2 0 
4.0 

Salicylanilide 

0.25 

0.5 

1.0 

2.0 

4.0 

Acetone 

100.0 


-U. 

M. 

T. 

T, rncnltj 

gypseum 

canis 

riibrum 

grophylfs 

0 

0 

1.5 

0 

0 

0 

2 

0 

0 

0 

3 

0 

0 

1 

5 

0 

0 

1 

6 

0 

0 

1 

5 

0 

0 

1 

5 

0 

0 

1 

G 

0 

0 

1 

6 

0 

0 

2 

G 

0 

0 

0.5 

3 

0 

0 

1 

3.5 

0 

0 

1 

4 

0 

0 

2 

4 

0 

0 

2 

G 

0 

0 

0 

1.5 

0 

0 

0 

2.5 

0.5 

0 

0 

3 

1 

0 

1 

6 

3 

2 

2 

G 

4.5 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

2.5 

0 

0 

4 

4.5 

0 

1 

4 

4.5 

1 

3 

9 

18 

G 

9 

16 

20 

12 

12 

22 

31 

18 

20 

23 

31 

22 

24 

24 

34 

24 

0 

4 

2.5 

2 

3.5 

6 

3.5 

4 

5.5 

7 

4 

4 

6 

8 

4 

6 

7 

10 

4 

7 

0 

0 

0 

0 


DISCUSSION 

The major impediment in the syntliesis of the 
compounds occurred in the preparation of thia- 
naplithene-2-carboxylic acid. The critical step in 
the synthesis proved to be the temperature of the 
reaction between «-butyIlithium and thianaphthene. 
It was found that maintenance of an internal tem- 
perature of 0° to 20° was essential in order to form 2- 
thianaphthenyllithium. If the temperature was al- 
lowed to rise to the boiling point of the ethereal 
solvent, an intermediate was formed which when 
carbonated did not yield the desired acid. The 
true chemical identity of the compound has not been 
established but on the basis of its analysis, the em- 
pirical formula is CuHioOS;. 

The preparation of the individual substituted 
amides involved determining the optimum condi- 
tions for each synthesis and included : 1. variation 
of the temperature during the addition of the 
amine, 2. determination of the period of refluxing 
required, ,3. selecting the appropriate solvent for 
purification. 

Thianaphthenc-2-carboxamide, N'-phenylthia- 
naphthenc-2-carboxamide, and X-(2-pyridyI)-thia- 
iiaphthcnc-2-carboxamide have been reported in the 
literature (4) but were included in this investigation 
m order to relate their antifungal properties with 
tho-e of the other compnuntis in this study. 

The rc'Ults of the antifungal studies, as shown in 
Tables II ami 111, indicate that none of the com- 


pounds were very active as compared to S-chloro-S 
hydroxyquinoline. However, twelve of the com- 
pounds tested were equal to or more active than 
either undecylcnic acid or salicjdanilide against 
Trichophyton rubruni. 

Only those compounds which were equal to or 
more active than undecylenic acid against Tricho- 
phyton ruhrnm were screened against the other or- 
ganisms. Seven of the compounds appeared to be 
equal to or more active than undecylenic acid 
against Microspornm gypseum; five of the com- 
pounds were equal to or more active than undec5d- 
cnic acid against Microspornni canis and six of the 
compounds were equal to or more active than undcc- 
ylenic acid against Trichophyton mentagrophytes. 
K - (2- Mcthylpiperidid) - thianaphthcne-2 -carboxa- 
mide, X-cyclohe.xylthianaphthene-2-carboxamide, 
and N-morpholinylthianaphthene-2-carboxamide 

were the most active compounds against all four 
of the fungi tested. 
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A Study of the Selective Antagonism by 
N-Allylnormorphine Against Meperidine, 
Methadone, and Morphine* 

By THOMAS A. LYNCH and DONALD B. MEYERS 

A study has been made of the selective antagonism by N-allylnormorphine against 
meperidine, methadone, and morphine. The degree of protection offered by 10 
rag./Kg. of N-allylnormorphine against the acute toxicity of the narcotics in mice 
and rats has been determined. The extent of antagonism of the narcotic-induced de- 
pression of rabbit minute respiratory volume has been determined by repeated fixed 
doses of N-allylnormorphine. Further work on rabbit respiration has been carried 
out by administration of different mixed doses of narcotic and antagonist. Tests of 
selective antagonism against convulsive and acute toxic effects of the narcotics in 

frogs have been made. 


'^HERE IS AMPLE EVIDENCE of the Specific 
antagonistic effect of N-allylnormorphine 
against the pharmacological actions of morphine 
and the other chemically related compounds 
(1-7). However, selectivity of this antag- 
onism toward the various narcotics has not been 
quantitatively studied. Such a consideration 
may be important in determining the relative 
effectiveness of N-allylnormorphine in con- 
junction with clinically used narcotics, in eluci- 
dating the mechanism of action of the narcotics, 
and in establishing a suitable procedure for 
evaluating other N-allyl derivatives. This in- 
vestigation was undertaken to determine if a 
selectivity in antagonism exists. 

EXPERIMENTAL 

Protection Against Acute Toxicity of Narcotics in 
Mice. — In this study 590 albino mice of mixed sex 
weighing 15 to 25 Gm. were used. The acute 
toxicity of meperidine, methadone, and morphine 
was determined in untreated mice, and in mice 
pretreated with 10 mg./Kg. of N-allylnormorphine 
fifteen minutes prior to the injection of the narcotic. 
All injections were made by the subcutaneous route. 
The LDso’s and per cent limits of error were deter- 
mined according to the method of deBeer (8). 

Protection Against Acute Toxicity of Narcotics 
in Rats. — One hundred seventy-six albino rats of 
mixed sex weighing 250 to 450 Gm. were used. The 
acute toxicity of meperidine, methadone, and mor- 
phine was determined in untreated rats, and in rats 
pretreated with 10 mg./Kg. of N-allylnormorphine 
fifteen minutes prior to the injection of the narcotic. 
All injections were made by the intraperitoneal 
route. The LDso-s and per cent limits of error w'ere 
determined as with the mice. 

Antagonism of Respiratory Depression by Nar- 
cotics in Rabbits. — The minute respiratory volume 
of the unanesthetized rabbit was measured by use of 
a spirometer. The displacement of the movable 
cylinder was recorded on a smoked kymograph bj- a 
stylus attached to the cylinder. Comparison of 

* Received April Ifi, lO.'iG, from the College of Pharmacy. 
Butler University, Indianapolis, Ind. 


minute respiratory volumes was based on the aver- 
age normal which was expressed as 100%. Injec- 
tions were made into the marginal ear vein. 

Method I . — ^Antagonism of narcotic-induced res- 
piratorjr depression was determined by repeated 
fixed doses of N-allylnormorphine. After 3 to 5 
normal consistent minute respiratory volumes were 
recorded at two minute intervals, a dose of the nar- 
cotic was given which depressed the respiration. 
Then single doses of N-allylnormorphine were ad- 
ministered at three minute intervals until the respir- 
ation returned to normal. The total dosage of 
antagonist required to restore the respiration to 
normal was expressed in a ratio relationship to the 
narcotic. 

Method II . — The antagonism by N-allylnormor- 
phine was shown by the administration of mixtures 
of the antagonist and narcotic. After the normal 
respiration was recorded, various mixture ratios 
were administered and the minute respiratory vol- 
ume recorded 3 times at five minute intervals. 
Then double the previous dose of the same ratio was 
given, and the respiration recorded 3 times at five 
minute intervals. The averages of each of the 3 
recordings were expressed in a percentage relation- 
ship to the average normal. 

Effect of N-Allylmormorphine Upon Convulsions 
and Acute Toxicity by Narcotics in Frogs. — Frogs 
of the species, Ratia pipiens, weighing 20 to 40 Gm. 
were administered the drugs by way of the ventral 
lymph sac. After induction of convulsions in frogs 
by a minimal dose of the narcotic, N-allylnormor- 
phine (10 mg./Kg.) was administered. 

The acute toxicity of meperidine, methadone, and 
morphine was determined in 120 frogs. The LDm', 
and per cent limits of error were determined as pre- 
viously, after which, 1 LDm of each narcotic was 
administered to groups of 24 frogs pretreated with 
10 mg..'Kg. of N-allylnormorphine fifteen minutes 
previously. The per cent mortality was noted. 

RESULTS AND DISCUSSION 

Antagonism of Acute Toxicity in Mice and Rats. — 
The acute subcutaneous toxicitics of meperidine, 
methadone, and morphine in untreated mice and 
mice pretreated with N-allylnormorphine are given 
in Table I; similarly, the acute intraperitoneal 
toxicitics in rats are given in Table II. 
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Tahle I. — Acute Subcutaneous Tonicities of 
Xarcotics in Mice Untreated and Pretreated 
WITH X-ALLYLNORMORPHINE (10 MG. /Kg.)'* 


Compound 

Meperidine 

Methadone 

Morphine 


LDo (Per cent Limits nf Error) 
Untreiilcd Prctrcateil 

rnc./Ke. mg /Kg 

112(t).5.r>-10ri,5) 213(91-110) 
.38(73-137) 94(98-102) 

.390(87-11.3) 470(94-107) 


1 N Allyinormorpliinc ii.ns given subctit.nneonsly. 


Table II. — .Vcute Intraperitoneal Tonicities 
OP Xarcotics in Rats Untreated and Pre- 
treated WITH X-.‘\llylnormorphine(10mg./Kg.)‘* 


Compound 

Meperidine 

Methadone 

Moqihine 


I. Din IPer cent Limits of Error) 


Untre.iteil 
mg /Kg 

87(9.5-100) 

18(79-127) 

201(92-109) 


Prctrcnteil 
mg /Kg. 

104(8.5.5-117) 

40(90-110) 

6 


“ N-Allyinormnrphinc was given intrapcritoncally. 
b LDio could not be determined due to erratic response. 


The extent of selective antagonism by N-allyl- 
normorphine was evaluated by comparing the num- 
ber of micromoles of narcotic protected by 1 micro- 
mole of X’-allylnorniorphinc as shown in Table III. 


Table III.— Protection by X-.-Vllvlnorjiorphine 
•Vgainst the LDm of Xarcotics as Enpressed by 
THE Molar Relationship 


Compriunci 

of 

Protection,® 

micromoles/ 

Kg. 

Mean 

Protected 

Dosc,l» 

micromoles/ 

Kg. 

Meperidine 

Mice 

259-30.') 

10.8 

Methadone 

129-204 

5.8 

Morphine 

0-441 

7.7 

^Icpcridinc 

Rats 

0-1.39 

2.4 

Methadone 

38- 87 

2.2 


“ Protection Iiy 2S S micromoles/Kg. of N-allylnormor- 
pbine. tbc dilTerence of LDio's of pretreated and untreated 
animals 

b Protection by 1 micromoIc/Kg. of N-allylnormorpIiine. 


The limits of protection were derived from the per 
cent limits of error of the LDic’s. The lower and 
upper limit of each LDio was calculated by multi- 
plying the UDre by its lower and upper per cent 
limits of error. The lower limit of protection was 
determined by subtracting the upper limit of the 
LDy. of the untreated animals from the lower limit 
of the LDp) of the pretreated animals. The upper 
limit of protection was found by subtracting the 
lower limit of the LD;c of the untreated animals 
from the upper limit of the LD;ii of the pretreated 
animals. All doses were expressed as the molar 
equivalents. The mean protected dose by 1 micro- 
molc/'Kg. of X-allyInormorphine shows that protec- 
tion is greatest for mefieridine and the Ic.asl for 
methadone in mice, nhilc protection was only 
.slightly greater for meperidine than methadone in 
rits. This relative diffcrcirce in protection of the 
tno species may be due to the difference in the ratio 
of the antagonist to the narcotic, since the optimum 


antagonistic effect may depend on this ratio, as sug- 
gested by Hart and McCawley (2) using morjihiiic. 

Antagonism of Rabbit Respiratory Pepression. — 
Repeated Fixed Dose Antatonism. — Table IV pre- 
sents the results of antagonism by repeated fixed 
doses of N-allyInormorphinc against methadone and 
morphine. The average total dosage of N-allylnor- 
morphine was expressed in a ratio relationship to 
the respiratory depressant dose of the narcotic. 
Quantitative antagonism by meperidine could not 
be determined by this method, since the respiratory 
depression iiroduced was comparatively less pro- 
nounced and more tran.sicnt than by cither mclh.a- 
donc or morphine. Morphine at a dose of 4 mg./Kg. 
produced an average of 52.0% dciircssion of the 
normal respiration, which is approximately the same 
as that produced by 0.75 mg./Kg. of methadone. 


Table IV.- Repeated Fined Dose Antagonism 
OF Methadone and Morphine Respiratory De- 
pression IN Rabbits by N-Allylnormorpiiinu 


Compound 

No. 

of 

Rab- 

bits 

Dose, 

mg./ 

Kg. 

Av. 

r' 

/o 

Dci>res- 

sion 

Dose 

of® 

NAM, 

PK./ 

Kg. 

Katio& 

Methadone 

2 

1.5 

73.8 

19 

1:81 


15 

1.0 

GO.O 

10 

1:74 


5 

0.75 

54.9 

19 

1:41 


2 

0.50 

49.5 

29 

1:19 

Morphine 

13 

4.0 

52,0 

54 

1:48 


3 

3.0 

53.2 

91 

1:33 


<* Average total dosage of N-allylnormorpbine (NAM) 
necessary to restore normal tninntc volutne. 

t Katiu of total dosage of N'Sillylnornjorphinc to narcotic. 


The average ratios of N-allylnonnorphine neces- 
sary to restore the respiration to normal at the 
respective depressant doses of narcotic.s are ns fol- 
lows; morphine, 1:48 and methadone, 1:41. Upon 
conversion of these ratios to their molar equivalents, 
they compare as follows: morphine, 1:43.9 and 
methadone, 1:41.3. These results indicate very 
slight selective antagonism bj’ X-allyhiormoqihine 
for moriihinc. 

Antagonism by Mixtures of Narcotic and N- 
Allylnormorphine.— Comparison of the antagonism 
by simultaneous administration of narcotic and N- 
allyhiormorphinc is shown in Table V. 'I'hc dose 
of the narcotic in each mixture was kept constant as 
follows: methadone (0.75 mg./Kg.); moriihine 

(4.0 mg./Kg.); and meperidine (5.0 mg./Kg). 
The .subsequent .second do.se contained twice the 
amount of narcotic but was the same ratio as the 
first dose. The mixture ratios of antagonist to 
narcotic which approximated an equivalent resiionsc 
to near normal respiration are as follows: meperi- 
dine, 1:40; morphine, 1:10; and methadone, 1:5. 
Therefore, it seems that respiratory deiiression by 
meperidine is antagonized most effectively and 
methadone the least effectively. 

The validity of comparing the mcjieridine response 
with that of methadone and morphine may seem 
questionable, since meperidine did not produce the 
equivalent respiratorj' depression. It was found 
that the mixture of the ratio of antagonist and nar- 
cotic was more important than the quantity of mix- 
ture administered, for the rlosc of the mixture in 
each case could be doubled without appreciable dc- 
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Table V. — Effects of Mixture of Narcotics 

AND N-ALLYLNORMORPHINE ON MinUTE RESPIRA- 
TORY Volume of Rabbits 


Av, Respiratory 



No. of 


. — Depression, % — 

Compound 

Record- 

ings 

Ratio® 

1st 

dose 

2nd 

dose& 

Methadone 

4 

1:60 

58.7 



2 

1:20 

38.4 

64.7 


9 

1:15 

29.7 

36.2 


7 

1:10 

13.1 

16.8 


6 

1:5 

12.5 

11.9 

Morphine 

2 

1:80 

62.5 

63.7 


6 

1:.30 

32.5 

33.9 


6 

1:20 

17.9 

19.4 


6 

1:10 

6.8 

8.7 

Meperidine 

6 

e 

14.0 

26.5 


4 

1:40 

6.0 

9.0 


6 

1:20 

0.4 

13.0'' 


1 

1:15 

9.0'' 

29.0'' 


1 

1:5 

7.7 

33.0'' 


“ Ratio of N-allylnormorpbine to narcotic. 
i> Two times the amount of narcotic as the first dose, 
r Meperidine was administered alone, 
d Increase per cent of normal respiration. 


viation from the response of the first dose as sug- 
gested by the data in Fig. 1. The lack of conform- 
ity of the meperidine curves does not contradict the 
above statement, since the curves above the 100% 
of normal respiration are due possibly to synergism 
of convulsiveness rather than antagonism. The 
results show the same qualitative relationship of 
selectivity as obtained with acute toxicity in mice. 
These results are probably more representative of 
the true antagonistic effect than those obtained by 
the repeated dose method, for the narcotic and 
antagonist in this case were allowed to act simul- 
taneously. Also, the variability of the repeated 
dose method was eliminated. 

Relationship of N-AUylnormorphine to Narcotics 
in Frogs. — Convulsions. — In an effort to determine 
narcotic antagonism in frogs, it was found that N- 
allylnormorphine (10 mg. /Kg.) failed to prevent 
convulsions induced by meperidine (250 rag./Kg.) 


Is 

o 



MG. OF N-ALLYNORMORPHINE 


Fig. 1 — ^Effect of different mixtures of narcotic 
and N-allylnormorphine upon rabbit respiratory 
volume. 

O Meperidine (5 mg./Kg.); A Methadone (0.75 
ing./Kg.); O Morphine (4 mg./Kg.); • Meperidine 
(10 mg./Kg.); A Methadone (1.5 mg./Kg.); ■ Mor- 
phine (8 mg./Kg.); A. B. 


and morphine (500 mg./Kg.), while convulsions 
could not be produced by methadone. 

Aa/lc Toxicity . — The acute intralymphatic toxic- 
ity of meperidine, methadone, and morphine in 
frogs was determined, after which, 1 LDio of these 
compounds were administered to frogs pretreated 
fifteen minutes before with N-allylnormorphine 
(10 mg./Kg.). As shown in Table VI, N-alJylnor- 
morphine increased the acute toxicity of methadone 
and meperidine in reverse order of the size of the 
LDso. The effect upon toxicity' may' be attributed 
to synergism of N-all\’lnormorphine and narcotic 
on the spinal reflexes of the frog, in light of the fact 


Table VI. — Effect of N-Allynormorphine (10 
mg;/Kg.)“ Pretreatment on the Acute 
Intralymphatic Toxicity of Narcotics in Frogs 


Compound 

LDwi (% 
Lintits of Error), 
mg./Ks. 

No. of 
Frogs 

% 

Mortality 

Meperidine 

191(97-104) 

24 

66.7 

Methadone 

67(97-103) 

24 

100.0 

Morphine 

590(64-150) 

24 

54.1 


° N-Allylnormorphine was given intralymphatically fifteen 
minures prior to the narcotic. 

& LDso of untreated frogs and the dose given intralym- 
phatically to pretreated frogs. 


that N-allylnormorphine is known to produce hyper- 
activity' of the hindlimb reflexes of the chronic 
spinal dog, as reported by Wikler and Carter (9). 

SUMMARY 


1. The selective antagonism of meperidine, 
methadone, and morphine by' N-allynormor- 
phine has been determined. 

2. N-AUylnormorphine exhibited greatest 
selectivity of antagonism for meperidine and the 
least for methadone in protecting against acute 
toxicity in mice. Selecth'e antagonism of 
meperidine yvas not significantly greater than 
methadone in rats. 

3. Antagonism was most selective for meperi- 
dine and the least selective for methadone on 
rabbit respiration by the mixture method, while 
little selectivity w'as shown by the repeated 
dose method. 

4. Antagonism by N-allylnormorphine could 
not be shown against the convulsions or acute 
toxicity in frogs; on the contrary, acute toxicity 
of methadone and meperidine was augmented. 
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A Study on Couch Grass Ergot" 


By LEE C. SCHRAMMt and JACK L. BEAL 

Ergot found growing on couch grass in Delaware and Franklin Counties in the 
central part of Ohio w as found to contain abo^ e N. F. X limits in ergotoxine con- 
tent, and below N. F. X limits in ergonotine content. It was also noted that part 
of the sample was infested with a small beetle-Uke insect. The infested portions 
assated low er in alkaloid and fat content. Esidence was presented by paper chroma- 
tograph) to show the presence of a number of ergot alkaloids and l)sergic acid. 


C laviccps purpurea (Fries) Tulasne is a par- 
asitic fungus commonlt occurring on rje 
Ergot of commerce is defined as tlie sclerotmm, or 
resting stage, of Claitceps purpurea — a hard, 
purplish, somewhat cumed bod\ , the size of 
which IS usually determined b\ the size of the 
gram it parasitizes It has been noted that 
Cla-Liceps purpurea infects other members of the 
Grariuncac (grass famih ) (1) particularh the 
cereal grasses 

In the summer of l‘)50 it was noticed that 
there was a local infection of Agropyrou repens 
(Linne) Beauiois (couch grass quack grass, 
tnticum) with Lluiiccps purpurea Couch grass 
was noted to grow along roads and highways 
throughout the central part of Ohio usually along 
the fence bordering a wheat field It was also 
noted that the wheat adjacent to the infected 
couch grass was infected with ergot Couch 
gras- a member of the cereal grasses is a peren- 
nial weed the aerial jiortion consisting of a leaf) 
simple culm attaining the height of 1 meter, and 
bearmg a terminal syiike of man\ spikelets (2) 
The rhizome of this grass known as Tnticuni, 
has been used as a demulcent diuretic and was 
official in the ESP from 1SS5 to 1920, and the 
N r from 1920 to 1950 

Since a sunei of the literature failed to dis- 
close ani jihannacognostical studies of Clan ceps 
purpurea found growing on couch grass, it was 
decided that an in\ estigation should be made 
Thi> meestigation includes the determination of 
the fat and moisture content the determination 
of total alkaloid content, and a stud\ of the mdi- 
\ idiial alkaloids contained therein 

On lurther stud\ of the mdii idual sderotia it 
was found that about one half of the sample was 
infested b\ a small beetle, thus, another diMsion 
of the mxcstigation was made, that is to deter- 
mine what elTect if an\ this infestation had on 
the fat, moisture and alkaloid content 

The ideiititi oi the Iiin.,us as Cla.ueps pur- 
p iric, and the grass as Agrop^rnn repens was 

* keern •cm’ er frun ihe Cf>lle;;c of 

o ''tate I n t\ us 

t Kcap ent o' ihc ktlir— • Prize 


■verified by tlie botanj’ department of Tlie Ohio 
State Umversit)' * 

The a\ erage size of the sderotia w as found to 
be 10-12 mm m length (ranging from G to IS 
mm.) and 1-2 mm m width The size relative 
to rye ergot maj’ be observed m Fig 1 



Fig 1 — (A) R)e Ergot (X F X ), (B) Spike of 
Agropyron repens infected with CUmceps ptirpurea 
(encircled), (C) Xon infested coiieh grass ergot, 
(D) Infested couch grass ergot, (E) Beetles from 
infested couch grass ergot (encircled) 


EXPERIMENTAL PROCEDURl 

Samples were taken in Juh of 1959 from diEerent 
sections of the central part of Ohio The sclcrotn 
were -epar ited from the grams, .ind then subdivided 
into two iiortiuns, the iionmfested and the infested 
portions The two portions were then iiideiieii 
dentl) passed through .i Wilev Laboratorv Mill and 
ground to a Xo 29 powder 

1 *rhc nuthore cxiircoi Iheir spi rccntion to Ur Jt, hn V 
Schmjlt Uep'irtrT'eDl of not in> and I’lant I tllioPo.' U o » 
Slate itnieersill, for ecrif>inh tlie identilj * f Itic fnn ii^ 
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Moisture Determination.— The moisture deter- 
mination was carried out according to the N. F. 
method (3). The results are listed in Table I. 

Fat Determination. — Three 500-mg. samples of 
each portion of the ground drug were extracted b5' 
continuous extraction in Soxhlet apparatus with 
petroleum ether for twenty hours. The extracted 
matter was then transferred to a tared evaporating 
dish, the extraction apparatus rinsed with three small 
portions of the solvent, the rinsings added to the 
extracted matter, and the solvent evaporated to drj"- 
ness over low heat. The dish was then dried in an 
oven at 105° to a constant weight. The amount of 
residue was then determined and the per cent total 
fat calculated from the data. The results are listed 
in Table I. 


Table I.— Results of Analysis 



Noninfested 

Infested 

Moisture,” % 

9.2 

9.2 

Fat,” % 

Alkaloids*' 

15.9 

13.3 

Water-insoluble,” 



mg. % 

Water-soluble, 

198.05 

177.86 

mg. % 

3.93 

3.19 


“ Average of 3 samples. 

6 Average of 4 samples expressed as moisture and fat free. 
® Calculated as ergotoxine (3). 
d Calculated as ergonovine (9). 


Alkaloid Determination. — The alkaloid deter- 
mination was carried out according to the method of 
Silber and Schulze (4) with modifications. Four 
200-mg. samples of both portions of the defatted 
material were extracted by means of continuous 
extraction in Soxhlet apparatus with a mixture of 
0.1 ml. 10% ammonia solution and 6 ml. ether U. S. P. 
per 100 mg. of sample. Extraction was continued 
to exhaustion, which was experimentally shown to 
be approximately six hours. The percolate was re- 
moved, the apparatus washed with three successive 
3-ml. portions of ether, placed in a 25-ral. flask, and 
concentrated to 5 ml. at a temperature not above 
40°. This concentrated percolate was then trans- 
ferred to a 30-ml. separatory funnel, and the flask 
rinsed with three successive 1-ml. portions of ether, 
the rinsings being added to the percolate. This was 
then shaken first with three successive 3-ral. por- 
tions of pH 8 phosphate buffer solution to extract 
the water-soluble alkaloids, and then with three 
successive 3-ml. portions of 2% tartaric acid solution 
to remove the water-insoluble alkaloids. Each 
shake-out was made up to e.\-actly 10 ml., and a 2-ral. 
aliquot was taken for the assay. Each 2 ml. of un- 
known sample was mixed in a Fisher Electropho- 
tometer Cell with 4 ml. of f>-dimetliyIaininobcnzalde- 
hyde T. S. and immediately exposed to a mercury 
vapor lamp for seven minutes. The optical density 
was then detennined in a Fisher Electrophotometer 
at 595p. For each individual detennination, a 
blank was prepared using 2 ml. of 2% tartaric acid 
solution and 4 ml. of p-dimethylaminobenzaldehyde 
T. S., illuminated for the same length of time, and 
the meter adjusted to zero optical density. 

A reference graph was prepared using U. S. P. 
reference standard ergonovine maleatc in concentra- 


tions ranging from 2 to 100 pg. per ml. in 1 : 1,000 tar- 
taric acid solution. The same procedure as was 
used in the assay was followed in determining the 
values for the reference graph. The results of the 
assay are listed in Table I. The illuminating lamp 
was of the mercurj'- vapor type as is supplied -with the 
Lumetron colorimeter. 

The F'dimethylaminobenzaldehyde reagent was 
prepared after the U. S. P. XV (5) and the phosphate 
buffer solution was prepared after Silber and 
Schulze (4) . 

Identification.- — Identification of the water-insolu- 
ble fraction of the alkaloids was carried out by means 
of descending paper partition chromatography, using 
the tartaric acid solutions obtained in the assay. 
The solutions were made alkaline with ammonia 
T. S. and extracted with ether. Wide sheets of 
WTiatman No. 1 paper (7^/2 inch x 18 inch) were used 
for this experiment, since multiple separations could 
be run concurrently on the same paper, saving time, 
and eliminating variations in degree of saturation 
of the chamber. The papers were saturated with 
formamide, accomplished by passing them through a 
solution of acetone-formamide 3 ; 1 and allowing the 
excess solvent to evaporate. The solutions of the 
alkaloids were applied to the starting line with a 
micro-pipet in 20 pi. amounts. The starting line 
was about 4 inches from the end of the paper to 
allow the solvent front to become equable as it 
crossed the line (6). The mobile phase consisted of 
benzene saturated with formamide, and the paper 
was developed in a previously saturated chamber (7) . 
Development required approximately three hours; 
allowing the solvent front to run Vi to ’/s the length 
of the paper. The results are listed in Table II. 


Table II. — R/ Table Using the Benzene- 

FORMAMIDE PROCEDURE FOR WaTBR-InSOLUBLE 

Alkaloids 


Alkaloids 

Values by 
Kolsek (7) 

Range of 
Rf Values 
of N. F. 
Ergot® 

Range of 
Rf Values of 
Couch 

Grass Ergot® 

Ergotamine 

0.11 

0.08-0.11 

0.08-0.09 

Ergosine 

0.13 

0.12-0.16 

0.14-0.10 

Ergotamininc 

0.40 

0.40-0.45 

0.39-0.41 

Ergosinine 

0.48 

0.48-0.55 

0.50-0.53 

Ergocomine 

0.52 

0.54-0.03 

0.58-0.62 

Ergocristine 

Ergocrj’ptine 

0.62 

0.65—0.76 

0.69-0.72 

Ergocominine 

Ergocristinine 

0.86 

0.81-0.90 

0.79-0.85 

Ergocryptinine 
Lysergic Acid 

0.00 

0.00 

0.00 


® Represents 12 determinations. 


Identification of the water-soluble fraction of the 
alkaloids was carried out by the method of Tyler and 
Schwarting (8) using the buffer solutions obtained 
in the assay. The mobile phase consisted of the 
upper layer of a normal butanol-glacial acetic acid- 
water mixture 4:1:5. The aqueous alkaloid solu- 
tions were applied to the starting line in 40 pi. 
amounts to insure concentrations of the alk-aloids 
adequate for detection. Control spots ivcrc used 
along with the unknown spots, consisting of refer- 
ence standard ergonovine nialeate in 27o tartaric 



A Study on Couch Grass Ergot* 


By LEE C. SCHRAMMf and JACK L. BEAL 

Ergot found growing on couch grass in Delaware and Franklin Counties in the 
central part of Ohio was found to contain above N. F. X limits in ergotoxine con- 
tent, and below N. F. X limits in ergonovine content. It was also noted that part 
of the sample was infested with a small beetle-like insect. The infested portions 
assayed lower in alkaloid and fat content. Evidence was presented by paper chroma- 
tography to show the presence of a number of ergot alkaloids and lysergic acid. 


/^laviccps purpurea (Fries) Tulasne is a par- 
aside fungus commonly occurring on rye. 
Ergot of commerce is defined as the sclerotium, or 
resting stage, of Claviceps purpurea — a hard, 
purplish, somewhat curved bod}^ the size of 
which is usually determined by the size of the 
grain it parasitizes. It has been noted that 
Claviceps purpurea infects other members of the 
Gramineae (grass family) (1), particularly the 
cereal grasses. 

In the siumner of 1950, it was noticed that 
there was a local infection of Agropyron rcpeiis 
(Linne) Beauvois (couch grass, quack grass, 
triticum) with Claviceps purpurea. Couch grass 
was noted to grow along roads and highways 
throughout the central part of Ohio, usually along 
the fence bordering a wheat field. It was also 
noted that the wheat adjacent to the infected 
couch grass was infected with ergot. Couch 
grass, a member of the cereal grasses, is a peren- 
nial weed, the aerial portion consisting of a leafy 
simple cuhn attaining the height of 1 meter, and 
bearing a terminal spike of many spikclets (2). 
The rhizome of this grass, known as Triticum, 
has been used as a demulcent diuretic, and was 
official in the U. S. P. from 1885 to 1926, and the 
N. F. from 1926 to 1950. 

Since a survey of the literature failed to dis- 
close any pharmacognostical studies of Claviceps 
purpurea found growing on couch grass, it was 
decided that an investigation should be made. 
This investigation includes the determination of 
the fat and moisture content, the determination 
of total alkaloid content, and a study of the indi- 
vidual alkaloids contained therein. 

On further study of the individual sclerotia, it 
was found that about one-half of the sample was 
infested by a small beetle; thus, another division 
of the investigation was made, that is, to deter- 
mine what effect, if any, this infestation had on 
the fat, moisture, and alkaloid content. 

The identity of the fungus, as Claviceps pur- 
purea and the grass as Agropyron repeus w'as 

Received September 23, 19o7. from the College of 
Pharmacy, Ohio State University, Columbus. 

t Recipient of the Kilmer Prize, 1957. 


verified by the botan)^ department of The Ohio 
.State University.* 

The average size of the sclerotia was found to 
be 10-12 mm. in length (ranging from 0 to 18 
mm.) and 1-2 mm. in width. The size relative 
to rye ergot may be observed in Fig. 1. 



Fig. 1.— (A) Rye Ergot (N.F.X.); (B) Spike of 
Agropyron repens infected with Claviceps purpurea 
(encircled): (C) Non-infested couch grass ergot; 
(D) Infested couch grass ergot; (E) Beetles from 
infested couch grass ergot (encircled). 


EXPERIMENTAL PROCEDURE 

Samples were taken in Jul}' of 1956 from different 
sections of the central part of Ohio. The sclerotia 
were separated from the grains, and then sidjdivided 
into two portions, the noninfested and the infested 
portions. The two portions were then indepen- 
dently passed through a Wiley Laboratory Mill and 
ground to a No. 20 powder. 

1 The authors express their appreciation to Dr. John A. 
Schmitt, Department of Botany and Plant Pathology, OIiio 
State University, for verifying the identity of the fungus. 
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Moisture Determination. — The moisture deter- 
mination was carried out according to the N. F. 
metliod (3). The results are listed in Table I. 

Fat Determination. — Three 500-mg. samples of 
each portion of the ground drug were extracted by 
continuous extraction in Soxhlet apparatus with 
petroleum ether for twenty hours. The extracted 
matter was then transferred to a tared evaporating 
dish, the extraction apparatus rinsed with three small 
portions of the solvent, the rinsings added to the 
extracted matter, and the solvent evaporated to dry- 
ness over low heat. The dish was then dried in an 
oven at 105° to a constant weight. The amount of 
residue was tlien determined and the per cent total 
fat calculated from the data. The results are listed 
in Table I. 


Table I. — Results of Analysis 



Noninfested 

Infested 

Moisture,® % 

9.2 

9.2 

Fat,® % 

Alkaloids'’ 

15.9 

13.3 

Water-insoluble,® 



mg. % 

Water-soluble,'' 

198.05 

177.80 

mg. % 

3.93 

3.19 


“ Average of 3 samples. 

6 Average of 4 samples expressed as moisture and fat free. 
« Calculated as ergotoxine (3). 

Calculated as ergonovine (9), 


Alkaloid Determination. — The alkaloid deter- 
mination was carried out according to the method of 
Silber and Schulze (4) with modifications. Four 
200-mg. samples of both portions of the defatted 
material were extracted by means of continuous 
extraction in Soxhlet apparatus with a mixture of 
0.1 ml. 10% ammonia solution and 6 ml. ether U. S. P. 
per 100 mg. of sample. Extraction was continued 
to exhaustion, which was experimentally shown to 
be approximate!}' six hours. The percolate was re- 
moved, the apparatus washed with three successive 
3-ml. portions of ether, placed in a 25-mI. flask, and 
concentrated to 5 ml. at a temperature not above 
40°. This concentrated percolate was then trans- 
ferred to a 30-ml. separatory funnel, and the flask 
rinsed with three successive 1-ml. portions of ether, 
the rinsings being added to the percolate. This was 
then shaken first with three successive 3-ml. por- 
tions of pH 8 phosphate buffer solution to extract 
the water-soluble alkaloids, and then with three 
successive 3-ml. portions of 2% tartaric acid solution 
to remove the water-insoluble alkaloids. Each 
shake-out was made up to e.xactly 10 ml., and a 2-ml. 
aliquot was taken for the assay. Each 2 ml. of un- 
known sample was mixed in a Fisher Electropho- 
tomcter Cell with 4 ml. of />-dimethylaminobenzaldc- 
liyde T. S. and immediately exposed to a mercury 
vapor lamp for seven minutes. The optical density 
was then determined in a Fisher Electrophotometcr 
at 595^. For each individual determination, a 
blank was prepared using 2 ml. of 2% tartaric acid 
solution and 4 ml. of p-dimethylaminobcnzaldehyde 
T. S., illuminated for the same length of time, and 
the meter adjusted to zero optical density. 

A reference graph was prepared using U. S. P. 
reference standard ergonovine malcate in concentra- 


tions ranging from 2 to 100 pg. per ml. in 1 : 1,000 tar- 
taric acid solution. The same procedure as was 
used in the assay was followed in determining the 
values for the reference graph. The results of the 
assay are listed in Table I. The illuminating lamp 
was of the mercury-vapor type as is supplied with tlie 
Lumetron colorimeter. 

The />-dimethylaminobenzaldehyde reagent was 
prepared after the U. S. P. XV (5) and the phosphate 
buffer solution was prepared after Silber and 
Schulze (4) . 

Identification. — Identification of the water-insolu- 
ble fraction of the alkaloids was earried out b}' means 
of descending paper partition chromatography, using 
the tartaric acid solutions obtained in the assay. 
The solutions were made alkaline with ammonia 
T. S. and extracted with ether. Wide sheets of 
WTiatman No. 1 paper (TVs inch x 18 inch) were used 
for this experiment, since multiple separations could 
be run concurrently on the same paper, saving time, 
and eliminating variations in degree of saturation 
of the chamber. The papers were saturated with 
formamide, accomplished by passing them tluough a 
solution of acetone-formamide 3 : 1 and allowing the 
e.xcess solvent to ev’aporate. The solutions of the 
alkaloids were applied to the starting line with a 
micro-pipet in 20 /il. amounts. The starting line 
was about 4 inches from the end of the paper to 
allow the solvent front to become equable as it 
crossed the line (6). The mobile phase consisted of 
benzene saturated with formamide, and the paper 
was developed in a previously saturated chamber (7) . 
Development required approximately three hours; 
allowing the solvent front to run ’/4 to ’A tlie length 
of the paper. The results are listed in Table 11. 


Table II. — R/ Table Using the Benzene- 

FORMAXIIDE PROCEDURE FOR WATER-InSOLUBLE 

-Alkaloids 


Alkaloids 

Rf 

Values by 
Kolsek (7) 

Ranpe of 
R/ Values 
of N. F. 
Ergot® 

Range of 
R/ Values of 
Couch 

Grass Ergot® 

Ergotamine 

o.n 

0.08-0.11 

0.08-0.09 

Ergosine 

0.13 

0.12-0.16 

0.14-0.16 

Ergotaminine 

0.40 

0.40-0.45 

0.39-0.41 

Ergosinine 

0.48 

0.48-0.55 

U. 50 -0.53 

Ergocornine 

0.52 

0.54-0.63 

0.58-0.62 

Ergocristine 

Ergocr\^ptine 

0.62 

0.65-0. 7G 

0.69-0.72 

Ergocorninine 

Ergocristinine 

0.86 

0.81-0.90 

0.79-0.85 

Ergocryptinine 
Lysergic Acid 

0.00 

0.00 

0.00 


® Represents 12 determinations. 


Identification of the water-soluble fraction of the 
alkaloids was carried out by the method of Tyler and 
Schwarting (8) using the buffer solutions obtained 
in the assay. The mobile phase consisted of the 
upper layer of a nonnal butanol-glacial acetic acid- 
water mixture 4:1:5. The aqueous alkaloid solu- 
tions were applied to the starting line in 40 /il. 
amounts to insure concentrations of the alkaloids 
adequate for detection. Control spots were used 
along with the unknown spots, consisting of refer- 
ence standard ergonovine maleate in 2% tartaric 
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acid solution in a concentration of 200 Rg per ml , 
applied in 20 ^l amounts Development time was 
considerably longer, requiring approximately six to 
twelve hours, the longer time being more desirable 
The results are listed in Table III 

Table III — i?/ Table Using the m Butanol- 
Acetic Acid Water Procedure for Water 
Soluble Alkaloids 


Riinge of 
Rt 

Valuer® Axeragc 

Ergonovnie reference 

standard 0 CO-0 60 0 03 

Ergonovine (Couch grass) 0 04-0 GO 0 04 


° Represents G determinations 

Since the data m Table II indicate the possible 
presence of lysergic acid a further check for the pres- 
ence of lysergic acid uas carried out by chromato- 
graphing fresh samples of both the tartaric acid 
fraction and the buffer solution fraction The 
procedure t\as the same as that used for the identi- 
fication of the uater soluble fraction of the alkaloids 
A reference sample of lysergic acid^ uas chromato- 
graphed concurrentlj in the same chamber as that 
used for the unknown solutions The results are 
listed m Table IV 


Table IV — R/ Table Using the n Butanol- 
Acetic Acid Water Procedure for Checking 
the Presence or Lisergic \cid 


Sample 

Rant^k of 

Rf Values 

A\ crago 
R/° 

Lj sergic acid in tartaric 

acid extract 

0 24-0 20 

0 24 

Lysergic acid reference 

0 23-0 27 

0 25 

Lysergic acid in buffer ex- 

tract 

0 27-0 30 

0 29 

Lysergic acid reference 

0 30-0 33 

0 32 


Average of G determinations 


DISCUSSION 

While the moisture content ivas the same for the 
infested and noninfested portions, there was a dif 
ference in the fat content The noninfested portion 
contained approximately 2 5% more fat than the in- 
fested This could be explained on the basis of a 
liking by the beetle for the lipid portion of the sclero 
tium, or on the basis of the weight added by the 
contamination of the sample by the beetle 

Silber and Schulze (4) claimed that a complete 
extraction of alkaloids could be obtained merely by 
shaking the ground drug with solvent for two hours, 
but It was felt that Soxhlet extraction to exhaustion 
w as certain of being complete 

The noninfested ergot show ed a larger amount of 
water soluble and water insoluble alkaloids than the 
infested ergot, the difference in each case followed 
approxumately the same ratio In both cases the 
w ater insoluble fraction w as above the N F limit 
(10) while the water soluble fraction was below the 
limit 

2 The authors thank Eh T ilb and Co for providing the 
sample of lysergic acid used in this experiment 


In the paper chromatography experiments for the 
identification of the individual alkaloids only the 
noninfested ergot was used 

It IS well known that A/ values are modified by 
many factors, for example, temperature, concentra- 
tion, and ratio of concentrations Positive identi- 
fication of alkaloids is impossible unless the above 
factors remain constant It is often desirable to 
have pure samples of each alkaloid m question to 
use as Rf reference standards However, in this 
case, this would be of little value because the exact 
ratio of concentrations of the alkaloids of the un 
known sample cannot be ascertained Bearing the 
above statements in mind, it was believed that the 
onl}’' possible method of identifying the alkaloids on 
the chromatogram in this experiment w as to follow a 
procedure which accounted for the alkaloids com- 
monly occurring m ergot Such a procedure was 
that of J Kolsek (7) w hereby he reported R f values 
of the major ergot alkaloids singly and in mixtures 

In one particular experiment, using a known mix- 
ture, he reported 7A/ values which accounted for 
10 water insoluble alkaloids of ergot In this ease, 
ergocornme and ergocristine were not separated, 
representing one spot, and ergocorninme, ergocris- 
tinine, and ergocrj ptinme were also not separated, 
representing one spot As can be observed in 
Table II, the A/ values obtained in this experiment 
were similar but not identical to those of Kolsek 
In addition, there was no overlapping in the ranges 
of Ay values This similaritj is not positive proof of 
identification, howeter, in referring to Table II 
there is evidence that the sequence of identitj of the 
spots would be the same as Kolsek’s For example, 
m Table II, if Kolsek’s 4th spot. Ay 0 48 was ergo 
sine, the 4th spot of couch grass ergot, A/0 50-0 53 
IS also crgosine 

The identification uses nomenclature of the ergo 
toxine group of alkaloids by Stoll as reported bj 
Manske and Holmes (11), namely that ergotoxine is 
not homogenous, but a complex mixture of ergoens 
tine, ergocrj ptmc, and ergocornme and maj' contain 
their isomers 

The alkaloid of the water soluble fraction was 
identified as ergonovine, as is shown m Table III 

The possibilitj of the presence of Ijsergic acid is 
indicated in Table II and Table IV Kolsek reports 
(7) that m using the benzene formamide procedure 
Ij sergic acid does not move, thus the Ay is zero In 
the water insoluble alkaloidal fraction of couch grass 
ergot there was such a spot having a zero Ay as in- 
dicated in Table II Table IV lists the Ay values for 
the suspected Ij'sergic acid in the water insoluble 
alkaloidal fraction as w ell as in the water soluble 
fraction In each case the Ay for the suspected Ij'- 
scrgic acid is \ crj close to that of a knowm sample of 
Ij sergic acid This similaritj' of Ay m two different 
mobile phase sj^stems, the benzene formamide and 
the n butanol glacial acetic acid-water mixture, 
gives some evidence for the presence of Ij sergic acid 
In each case the spot indicated, by reason of its 
faintness, only a small amount of the substance to 
be present Assuming the substance to be lysergic 
acid, this study does not determine whether the 
Ij'sergic acid was originallj^ present in the ergot or 
whether its origin is due to the extraction procedure 

Since this problem w as undertaken, it was brought 
to our attention that Silber and Bischoff (12) have 
analyzed ergot of Agropyrom repens Pal Beauvois 
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and reported total alkaloid content as ergotamine 
in three different samples The values nere re- 
ported as 110, 102, and 375 mg % No other de- 
terminations n ere made 

SUMMARY AND CONCLUSIONS 

Ergot of couch grass was studied with respect 
to the fat, moisture, and alkaloid contents It 
was found that half of the sample was infested 
with a beetle, and determinations were extended 
to find out what effect this infestation had on the 
contents of the drug. It was found that: 

1. The moisture content of both infested and 
noninfested portions was the same. 

2. The fat content of infested ergot was lower 
than that of the noninfested portion. 

3. The alkaloid content of the infested ergot 
was lower than that of the noninfested portion. 

4. Both portions assa 3 ’ed above N. F. limits 
in ergotoxine content, and below N. F. limits in 
ergonovine content. 


5. Evidence was presented to show that ergo- 
tamine, ergotaminine, ergosine, ergosinine, ergo- 
cornine, ergocorninine, ergocristine, ergocris- 
tinine, ergocrj’ptine, ergocr}-ptinine, and lysergic 
acid were probably present. 

6 Ergonoidne was positively shown to be 
present. 
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Decomposition of Aspirin in the Solid State* 

By LEWIS J. LEESONf and ALBERT M. MATTOCKS 

The decomposition of aspirin in the solid state has been demonstrated to be depend- 
ent on vapor pressure and temperature. A possible mechanism of decomposition 
is offered, which consists of an initial sorption of a water layer by each particle, 
diffusion of aspirin into solution, and decomposition taking place by acid catalyzed 
hydrolysis. A series of equations which describe the mechanism have been derived 
and the experimental data demonstrated to fit them. Using these equations, the 
various kinetic constants have been determined. 


CiNCE SOLID DOSAGE FORMS Comprise a large 
C' segment of the drugs marketed todaj', there 
is a great need for methods of predicting their 
stability under various conditions of storage. 
In order for such a method to be dependable it 
must be based upon a knowledge of the mecha- 
nisms involved and quantitative studies of the 
variables affecting the reactions. 

Manj' pharmaceuticals are known to exhibit 
decomposition in solid form, and perhaps the most 
widely used one is aspirin. Aspirin is an especi- 
allj’- interesting example of this tv’pe of reaction 
since it is known to be affected not onlj^ bj' tem- 
perature and humidity but also bj- numerous 
chemical agents with which it is often combined. 

Decomposition of aspirin in solid form has 
been noted bj’ Tsakalotos (1), Paolini (2), and 
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Strathopoulos (3). In addition, Ribeiro, el al. 
(4), found that certain lubricants, notablj^ stear- 
ates, increased the degree of decomposition of 
aspirin contained in aspirin-phenacetin-caffeine 
tablets. Ebert (5), and Yamamoto and Taka- 
hashi (6, 7) studied the accelerating effects of 
certain amines, temperature, humidity, pressure, 
and grinding upon aspirin loss in tablets These 
studies were concerned primarilj- with effects of 
various chemical agents and conditions and did 
not attempt to determine reaction rates or mech- 
anisms. 

There have been a number of kinetic studies 
on aspirin decomposition in solution (S-11), 
the most complete investigation being reported 
bj- Edwards (12). He agreed with other workers 
that the decomposition is first order with respect 
to aspirin concentration, but bv' studying the 
reaction at various pH values he demonstrated 
that the apparent first order rate constant is 
actuallj' a composite of six rate constants. Each 
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of the six constants is associated with one of the 
hydrolytic reactions depending upon hydrogen 
ion, hydroxyl ion, or water reacting with either 
molecular or ionic aspirin. 

There is no direct method for applying to solid 
forms information obtained from studies of de- 
composition of a drug in solution, since it is even 
questionable whether the same reactions occur. 
Thus it is important that studies be made of 
reactions of drugs in solid state, and such a study 
was undertaken in these laboratories using aspirin 
as the first example. 

EXPERIMENTAL 

Aspirin powder of U. S. P. grade (Mallinckrodt) 
was used for this investigation. It was classified 
into various sizes by means of U. S. Standard sieves. 
Extent of aspirin decomposition was determined 
by measurement of the salicylic acid formed; this 
was accomplished bj’ a modification of the A.O.A.C. 
procedure (13). The sample was dissolved in 100 
ml. absolute alcohol, a suitable aliquot was trans- 
ferred to a 100-ml. volumetric flask, and sufficient 
absolute alcohol was added to make the total alco- 
hol content 50 ml. Two milliliters of ferric ammo- 
nium sulfate T. S. was added and the solution was 
made up to volume with water. The color intensity 
was measured on a spectrophotometer at 532 m;<. 

Since it was not known whether aspirin would 
decompose if no moisture were present, a prelimi- 
nary experiment was run in the absence of water 
vapor. One-half gram samples of aspirin of 100/140 
screen size were sealed in ampuls and stored at 35“, 
45°, 60°, 80°, 100°, and 110°. Similar samples to 
which 2.5% calcium stearate had been added were 
stored under identical conditions. Calcium stear- 
ate was added since it has been reported to induce 
extensive decomposition of aspirin (4). Samples 
were removed at various times over a period of fifty 
days and assaj-ed. 

Samples of aspirin alone showed little or no 
decomposition at 80° or below. Those containing 
calcium stearate decomposed in a short time to the 
extent of about 1% and then remained constant. 
In samples stored at 100° and 110° salicylic acid was 
found to increase rapidly to about 2% and then 
decrease gradually with time. These samples were 
observed to melt and change color, and it is not 
known whether the color interfered with the assay 
or the decrease in salicylic acid might be due to sali- 
cylide formation. 

It is believed that the small amount of decomposi- 
tion detected in these samples could have been 
caused by traces of moisture which contaminated 
the dr 3 ^ aspirin during the process of filling the am- 
puls. The amount of water necessary to account 
for the decomposition observed is approximately 
10“^ moles. It was concluded, therefore, that de- 
composition of aspirin in the absence of moisture is 
of minor importance. Consequently, attention was 
directed to the decomposition of aspirin in the pres- 
ence of water vapor. 

A series of samples of aspirin of screen size 100/140, 
weighing approximately 0.25 Gra., were placed in 
loosely capped, screw-top xdals which were stored 


at 50°, 60°, and 80°; and at varying humidities 
obtained by use of saturated inorganic salt solutions 
(14). At various times samples were removed and 
analyzed for extent of decomposition. Results 
are shown in Table I. A graph showing the general 
shape of the curve relating decomposition to time 
is shown in Fig. 1. 



Fig. 1. — Typical decomposition of aspirin in solid 
state (60°, vapor pressure 120.3 mm.). 

In order to be certain that the h 3 'droIysis reaction 
was the onb- one of major importance and that no 
salicjdic acid was lost b^- volatilization, an ultra- 
violet assaj- for aspirin and salicj-lic acid (5) was 
performed on numerous samples. This method con- 
sisted of reading solutions of aspirin and salic 3 'lic 
acid in absolute alcohol at 226 mu and 235 m^i, which 
are the absorbance peaks for aspirin and salic 3 'lic 
acid, respectiveb'. The amount of each present 
was then determined b 3 ' the usual two-component 
S 3 ’stem teclmique. In all cases the original amoimt 
of aspirin could be accounted for b 3 ^ a summation of 
the aspirin and salic 3 dic acid found. 

TREATMENT OF THE DATA 

Examination of the data of Table I b 3 ' means of 
t 3 'pical plots used to determine reaction order made 
it obvious that the reaction studied did not follow 
one of the simpler kinetic relationships. The curves 
obtained, illustrated in Fig. 1, resembled t 3 ’pical auto- 
catab’tic plots, but an attempt to establish auto- 
catab’sis b 3 - graphical means gave negative results. 
Therefore, a mechanism was postulated based on the 
known physical and chemical conditions of the reac- 
tion. 

The proposed mechanism is based on the following 
tenets: (a) Water is rapidb' adsorbed onto the 
surface of the aspirin, the amount of water being a 
function of vapor pressure. If multilayer adsorp- 
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Table I. — Decomposition of Aspirin at Various Temperatures and Vapor Pressures 


4G.02 mm. 

54.40 

mm. 

Time 

Mole 

Time 

Mole 

in 

% 

in 

. % 

Days 

Aspirin 

Days 

Aspirin 

0.0 

99.90 

0.0 

99.90 

3.0 

99.87 

3.0 

99.86 

24.0 

99.83 

24.0 

99.70 

34.1 

99.66 

34.0 

99.43 

40 9 

99.53 

40.9 

99.27 

47.9 

99.29 

47.9 

98.83 

61.9 

99.26 

61.7 

98.98 

76.8 

98 73 

76.8 

98.26 

103.8 

98.51 

103.8 

97.83 

139.8 

97.77 

139.8 

96.91 

170.8 

96.86 

170.8 

94.69 


68.30 mm. . 74.20 mm. 


Time 

iNfole 

Time 

Mole 

in. 

% 

in 

% 

days 

Aspirin 

Days 

Aspirin 

0.0 

99.90 

0.0 

99.90 

3.0 

99.84 

7.0 

99.59 

7.0 

99.60 

16.0 

99.32 

21.9 

99.22 

24.0 

99.65 

30.0 

99.56 

30.0 

98.92 

34.1 

99.05 

34.0 

98.76 

40.9 

98.97 

40.9 

98.72 

47.9 

98.69 

47.9 

98.24 

61.9 

98.10 

61.9 

96.72 

76.8 

97.40 

76.8 

96.16 

103.8 

95.98 

103.8 

93.29 

139.8 

93.82 

139.8 

89.78 

170.8 

92.64 

170.8 

86.75 


68.41 mm. 

74.50 

mm. 

Time 

Mole 

Time 

Mole 

in 

% 

in 

% 

Days 

Aspirin 

Days 

Aspirin 

0.0 

99.90 

0.0 

99.90 

10.8 

99.42 

2.8 

99.70 

20.0 

99.00 

10.8 

99.34 

27.7 

98.27 

15.8 

98.71 

33.8 

97.91 

23.8 

98.54 

44.7 

96.84 

27.7 

97.73 

48.7 

96.35 

37.7 

97.00 

51.8 

95.94 

41.7 

96.64 

61.8 

94.80 

44.7 

95.66 

83.6 

91.38 

61.8 

95.08 

99.1 

88.50 

61.8 

93.20 

120.0 

85.26 

72.8 

91.81 

141.0 

80.74 

83.6 

89.97 



99.1 

85.66 



107.7 

83.65 



120.0 

79.99 



141.0 

75.95 


111.9 

mm. 

120.3 mm. 


Mole 

Time 

Mole 

in 

% 

in 

% 

Days 

Aspirin 

Days 

Aspirin 

0.0 

99.90 

0.0 

99.90 

2.9 

99.60 

2.9 

99.75 

6.8 

99.07 

6.8 

99.24 

10.8 

99.13 

10.8 

99.22 

15.8 

98-20 

15.8 

98.55 

20.7 

97.50 

20.7 

95.14 

23.8 

97.21 

23.8 

95.24 

27.7 

96.21 

27.7 

94.89 

30.8 

96.02 

30.8 

91.72 

33.8 

94.91 

33.8 

90.80 

37.8 

95.15 

37.8 

90.26 

41.7 

94.06 

41.7 

86.12 

44.7 

93.86 

44.7 

87.42 

48.7 

91.11 

48.7 

82.93 

51.8 

90.66 

51.8 

83.32 

55.7 

89.32 

55.7 

79.04 

61.8 

81.46 

61.8 

70.65 

72.8 

79.51 

66.7 

64.75 

83.6 

73.09 

72.8 

60.45 

91.7 

68.66 

83.6 

55.09 

107.7 

65.50 

91.7 

53.50 

114.7 

60.16 

101.7 

41.68 

120.0 

60.03 

114.7 

38.75 

132.0 

54.98 

120.0 

36.82 



132.0 

35.98 


-SO”- 


181.0 mm. 

199.5 

mm. 

232.0 

mm. 

Time 

Mole 

Time 

Mole 

Time 

^lole 

in 

% 

in 

% 

in 

% 

Hr. 

Aspirin 

Hr. 

Aspirin 

Hr. 

Aspirin 

0.0 

99.90 

0.0 

99.90 

0.0 

99.90 

17.0 

99.68 

17.5 

99.39 

17.3 

99.25 

40.8 

99.69 

40.3 

98.16 

40.5 

98.64 

63.3 

97.96 

62.5 

97.41 

63.3 

97.05 

90.5 

95.79 

90.0 

95.24 

90.3 

94.40 

112.5 

94.45 

111.8 

92.39 

112.8 

86.75 

137.0 

91.77 

136.3 

87.80 

1.36.8 

84.78 

160,5 

88.79 

160.0 

85.69 

160.8 

77.44 

186.5 

85.28 

186.0 

73.86 

186,3 

72.80 

208.8 

S3. 34 

208,3 

78.40 

209.8 

67.54 

2.32.8 

81.96 

232,5 

57.31 

232.8 

60.76 

308.8 

70.86 

308.3 

50.20 




lion takes place a film of water will surround each 
aspirin particle, and the thickness of film will 
depend on vapor pressure. If monolayer adsorption 
takes place, each aspirin particle will be partialh' 
covered by a layer of water, the extent of coverage 
being dependent on vapor pressure. (5) The water 


film is rapidly saturated by solution of a portion of 
the solid aspirin. Decomposition then occurs in 
solution, and as a molecule of aspirin is removed via 
hydrolysis it is instantly rejilaced by one from the 
solid. 

Although only a small portion of the aspirin is 
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actually in solution, the reaction may be treated as 
though all the aspirin is in solution and only a small 
fraction is in active state. This makes it possible to 
express the concentration in terms of total amount 
of solid aspirin. 

Treatment of this system as a solution makes it 
possible to use one of the rate constants derived by 
Edwards (12). The constants of Edwards depend- 
ing on water concentration are so small as to be negli- 
gible, while the concentration of hydroxyl ion in this 
system is so low that the extent of reaction dependent 
on it is negligible. Further, since the ionization 
constant for aspirin is small and ionization would 
be depressed by hydrogen ion concentration, it is be- 
lieved that this system involves primarily molecular 
aspirin. Thus, only one of the constants described 
by Edwards, ki, which is associated with hydrogen 
ion concentration and molecular aspirin, is neces- 
sary for the rate expression for this system. 

Accordingly the rate equation may be written: 
dC/dt = ki{A){H'^), (Eq. 1), in which C is the con- 
centration of salicylic acid, A is the concentration of 
aspirin, and H"*" is the concentration of hydrogen ion. 
Using the definition of the ionization constant for 
acetic acid, K = [(/^+)(CH 3 COO-)]/(CH,COOH), 
(Eq. 2), the concentration of salicylic acid, C, may 
be substituted for that of acetic acid, since one mole 
of acetic acid is formed for each mole of salicylic 
acid, and the decrease in concentration of acetic 
acid due to ionization is negligible. Also, the con- 
centration of hydrogen ion is equal to that of ace- 
tate ion. Thus, the ionization equation may be 
stated; K = (/f +)V(C) (Eq. 3). 

In order to convert concentrations to the number 
of moles contained in volume of solution, V, on the 
surface of the particles, K, which has units of 
moles/liter, is multiplied by V to give: KV = 
(Eq. 4). Solving for hydrogen ion con- 
centration, [if+] = (KV(C]y/‘, (Eq. 5); and sub- 
stituting Equation 5 in Equation 1 gives dC/dl = 
ki[A](KVlC\ )'/=, (Eq. 6), which applies to any single 
vapor pressure, and has units of moles X V~‘ X 
f“'. To express the rate in terms of number of 
moles rather than concentration the equation is mul- 
tiplied by V, to give dC/dl = [0]'/% 

(Eq.7). 

It should be noted that although the units of 
dC/dl are moles X those of [A] and [CJ are moles 
X F“'. Since aspirin samples have different 
weights they are converted to a common basis by- 
expressing both [A] and [C] as per cent of the total 
number of moles originally present, giving them the 
units mole% X F“'. 

It is possible to express aspirin concentration in 
terms of salicylic acid concentration, since their 
sum is always a constant equal to 100. Thus, \A] 
+ [C] = [Ao] -|- [Col = (Eq. 8), and [A] = 
Do — [C], (Eq. 9), where Ao and Co are initial con- 
centrations of aspirin and salicylic acid. This sub- 
stitution facilitates integration to give dC/dt — 
A,iCA7’A(Uo- [CD [C]‘A (Eq. 10). 

The volume of the solution layer, V, is unknown, 
but it may be expressed in terms of the Freundlich 
isotherm equation; thus, for a particular size and 
shape of particle: V = k'p", (Eq. 11), in which p 
is the vapor pressure, k' is the proportionality con- 
stant, and n is the order of the sorption reaction 
with respect to p. Substituting this expression for 
V into Equation 10: dC/dl = kp^”->^ (Do — [CJ) 


[Cj'A, (Eq. 12), where k = kiK'Dk’'h By making 
the substitution [C]‘A = y the following equation 
is obtained: 2dyl(Do — y^) = hp^^D dt, (Eq. 13), 
which can be readily integrated by standard form, 
giving; 


1 (Jo'A -1- [C]-A) 
Po'A (Do’A - C'A) 


= hp^^m -f I (Eq. 14) 


From Equation 9 it follows that (Ho'A [CJ‘A) 
(Oo'A — [CJ'A) = [A]] inserting this into Equa- 
tion 14 : 


1 . (Zlo'A -k [C]'A)^ 
WA [A] 


= kp^’-m + I 


(Eq. 15) 


Setting t equal to zero, the constant of integration, 
/, is found to be: 


1 , (Po'A -k Co'A)2 

Do’A Ao 


(Eq. 16) 


Rearranging and converting to logarithms to the 
base 10, the final equation is obtained: 


zlo (Ho'A -k C‘A)' Do'/^kp^’'/H 

® (Do'A -k Co'DYA 2.303 


(Eq. 17) 


If the mechanism proposed is correct, a plot of 
the left hand side of Equation 17 versus time should 
give a straight line with a slope equal to (Do'/‘- 
fe/>®"/*)/2.303. The data of Table I were plotted 
in this manner and found to give straight lines. 
Figure 2 illustrates this type of graph. The values 
of the slopes of the lines obtained in this manner 
are shown in Table II. 



Fig. 2. — Tj'pical plots of decomposition equation 
(Eq. 17), 80°. Legend: O — vapor pressure 232.5 
mm.; x — vapor pressure 199.5 mm.; # — vapor 
pressure 181.0 ram. 


It can be seen from the equation of the slope that 
a plot of log (Tlo'A;fep='‘/D/2.303 versus log p should 
give a straight line with a slope of 3w/2 and an inter- 
cept of log Tlo'A(fe/2.303. These graphs are shown in 
Fig. 3, and the values of the slopes and intercepts 
are presented in Table III. 

From chemisorption theory (15) n would be ex- 
pected to be 1, making 3n/2 equal to 1.5. The 
results of Table III are in agreement with this within 
experimental error; thus, the intercepts of Table 
III were calculated using a value of 1.5 for 3n/2. 

In order to estimate the activation energy for the 
reaction, k, which is the product of k\, i'’A and A‘A, 
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Table II. — Slopes of the Decomposition Equa- 
tion OF Aspirin (Eg. 17) 


Temp. 

Vapor 

Pressure 

Slope = Co' 'V2.303 

°C. 

mra. 

so 

181.0 

1.660 X 10-’ hours-' 


199.5 

1.986 X 10 -’hours-' 


232.5 

2.475 X 10 hours-' 

60 

68 41 

2.772 X 10 days-' 


74.50 

3.191 X 10-’ days-' 


111.9 

5.218 X 10-’ days-' 


120.3 

7.547 X 10 days-' 

50 

46.02 

7.558 X 10-' davs-' 


54.50 

9.980 X 10-' days-' 


68.30 

1.367 X 10 days-' 


74.20 

1.860 X 10 days-' 



LOG VAPOR PRESSURE 

Fig. 3 — Plots to determine order of vapor pressure 
effect. Legend: 0—60°; 50°; •—80°. 


Table III 


Temp. 

®C. 

3n/2 

Da^^ik/2.203 

80 

1.5 

6.953 X 

60 

1.5 

4.976 X Vsdays”^ 

50 

1.7 

2.552 X 10“®mm."'Vjdays"'* 


Table IV. Decomposition Rate Constants for 
Aspirin at 1’arious Temperatures 


Temn. 

kik't't 



'A' (Mole %) -1 

'J Liters''’ Moles ' 

-1/r 

mm."* 

353.1 

44.58 

X 

10-« 

333.1 

12.41 

X 

10-« 

323.1 

6.06 

X 

10-* 


is divided by ic'/*, the value of which is known for 
each of the temperatures studied (16). This leaves 
kik''/' the values of which are shown in Table IV. 
From a plot of log k,k''/’ versus 1/T the actiration 
energy can be obtained. This value is the sura of 
two such energies, one associated with the chemical 
hydrolysis reaction, and the other with the physical 
sorption reaction. However, since there is no rea- 


son to believe that the sorption forces are other than 
van der Waals, the energj' of activation for this reac- 
tion can be considered zero (15). Thus the activa- 
tion energj- determined from the slope of an Arrhen- 
ius plot is that of the hj-drolysis reaction, and was 
calculated to be 15,065 calories per mole, which is 
in good agreement with the value of 15,620 deter- 
mined by Edwards (17). 


DISCUSSION 

It should be noted that the method used in this 
work for control of humidity is quite troublesome. 
The normal variations in temperature of laboratory 
ovens is sufficient to cause condensation of water on 
the inside of the desiccators which frequently causes 
loss of a whole series of samples. Also, data ob- 
tained once the per cent aspirin remaining has 
dropped to a low vrnlue, usually around 20-30%, 
is widely scattered. At this point the samples are 
commonly observed to become sticky and aggregate 
or even form a semisolid mass. It is believed that 
a different physical system exists at this point. Data 
obtained under such conditions are not reported 
in this paper and do not follow the mechanism pro- 
posed. However, decomposition at this stage is of 
minor importance. 

By use of the equations established in this paper, 
it is possible to predict the stability of aspirin under 
known conditions of temperature and humidity. 
Application of the equation is limited, however, to 
the particle size used in this work. Further work 
is in progress in this laboratory to determine the 
relationship between particle size and rate constant. 

It appears that b 5 - knowing the ionization constant 
of a material to be mixed with aspirin, one might 
use these equations to predict the stability of the 
mixture. Other factors such as solubility of the 
added substance will have to be taken into account. 
Work of this tvyie is planned. 

The basic assumptions and treatment of data used 
in this study show promise of being applicable to 
many solid medicinals which decompose as a result 
of adsorption of water. 
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The Dispersion of Liquids in Aqueous Solutions of 
Amphiphilic Compounds* 

By WILLIAM J. O’MALLEY, f LUCIANO PENNATI,t and 
ALFRED N. MARTIN 


The influence of certain amphiphilic compounds (molecules possessing both hydro- 
philic and lipophilic character) on the dispersion of nonpolar substances in water is 
presented in the form of ternary phase diagrams. The dispersion systems studied 
were peppermint oil-water-Tween 20, peppermint oil-water-polyethylene glycol 
400, and benzyl benzoate-water-polyethylene glycol 400. The data were plotted as 
triangular diagrams to show the effects of the three agents simultaneously. The re- 
sults suggested that such a method should assist one in the formulation of concen- 
trates for the preparation of aromatic waters and other solubilized products. 


I^Tormally insoluble liquids and solids may 
^ be dispersed in aqueous systems by several 
means, principallj^ among which are solubiliza- 
tion, co-solvency or blending, and emulsification. 

These processes are made possible b}’ the pres- 
ence of an amphiphilic compound, i. e., a sub- 
stance which has a tendency to a greater or a 
lesser degree to dissolve in water (hydrophilic 
character) and in nonpolar solvents (lipophilic 
or organophilic character). Amphiphilic com- 
pounds include solubilizing agents, detergents, 
emulsifiers, and solvents of a polar-nonpolar 
nature (1). 

McBain (2) defined solubilization as the disper- 
sion of relatively insoluble matter in aqueous solu- 
tions of amphiphiles to form thermodynamically 
stable systems. Above a minimum amount, 
known as the critical micelle concentration, the 
amphiphilic compound exists in solution in the 
form of micelles. Normally insoluble liquids or 
solids are adsorbed on the surface of the micelles, 
pass into the micelle interior and dissolve in the 
nonpolar region, or are adsorbed in the palisade 
layer of the micelle (3). 

Blending and co-solvency are terms used to 
describe the mutual solubility of normally immis- 
cible liquids in the presence of an amphiphilic 
agent. Sodium oleate, for example, increases 
the co-solvency of benzene and propylene gly- 
col, presumably through the formation of bridges 
between the polar and nonpolar molecules (4). 

Emulsification is familiar to everj’^ pharmacist; 
in this discussion it is considered in relation to 
solubilization. t\Tien oil is added to a solution 
of a solubilizing agent it continues to enter 
the micelle, which consequently swells un- 

* Received May 24, 1957 Irom Purdue University, School 
of Pharmacy, Lafayette, Ind. 

t Purdue Research Foundation Fellow, 
t Present address: Pharmazeutisches Institut E.T.H. 
Zurich 6, Switzerland. 


til saturation is reached. Beyond this point, 
which is marked by the appearance of turbidity 
(the cloud point), the system becomes an emul- 
sion of finely dispersed oil globules surrounded by 
amphiphilic molecules. Accordingly, emulsifi- 
cation may be looked upon as an extreme case of 
solubilization, which begins when sufficient oil 
has been added to form microscopic droplets that 
exceed the limit of solubilization (3). 

The polyoxyethylene derivatives of sorbitan 
(the Tweens) are solubilizing agents, while the 
polyethylene glycols may be referred to as blend- 
ing agents. However, since both may be used to 
bring about the co-solvency of water and nonpolar 
liquids. Tween 20 and polyethylene glycol 400 
will both be called blending agents in the follow- 
ing discussion. 

A number of reports have been published during 
the last decade on the use of various amphiphilic 
agents for the dispersion of certain pharmaceuti- 
cal substances, and they have stressed the ad- 
vantages of these agents in forming clear, stable 
solutions of normally insoluble drugs. Alonte 
Bovi (5) used Tween 20 to make a peppermint 
oil concentrate; Ohmart and Stoklosa (6) dis- 
cussed some pharmaceutical applications of the 
Tween and Spans; Nakagawa (7) used the esters 
of polyoxyethylene to solubilize hormones and 
vitamins; Loran and Guth (8) studied the use of 
ethyl alcohol for blending water and castor oil. 

The present study was directed toward inves- 
tigating the dispersion of several nonpolar liquids 
of pharmaceutical interest in water by means of 
two amphiphilic agents, namely. Tween 20* 
and polyethylene glycol 400.^ The effect of 
dilution and temperature variation was also con- 
sidered in the Tween 20 sj^stem. 

1 Supplied by the Atlas Powder Company, Wilmington, 
Del. . , ^ 

* Supplied by the Carbide and Carbon Chemicals Compan> , 
New York, N. Y. 
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EXPERIMENTAL 

The ternary systems studied were; (a) pepper- 
mint oil-water-Tween 20, (6) peppermint oil-water- 
polyethylene glycol 400, and (r) benzyl benzoate- 
water-polyethylene glycol 400 

The specific gravities of the ingredients were 
determined by using a 25-ml. pycnometer at 20°, 
and the values were found to be as follows: pepper- 
mint oil, 0 898, benzj’l benzoate, 1 115; Tween 20, 
1 102; poh’ethylene glycol 400, 1.120. 

The samples were prepared by pipetting a defi- 
nite volume of the substance to be solubilized into a 
125-ml flask and adding a definite volume of the 
solubilizing agent The solutions were mbced bj^ 
means of a magnetic stirrer at a slow speed to pre- 
vent the formation of air bubbles. The samples 
were titrated with distilled water until the entire 
solution remained turbid (cloud point) for one min- 
ute as observed in a beam of light passing through the 
solution perpendicular to the line of vision The 
solutions were not allowed to come to equilibrium 
since this may take several weeks (9, 10). The tur- 
bidity, which formed immediately, was taken arbi- 
trarily as the end point, recognizing that it did not 


to weight using the specific gravities, and the weights 
of the three ingredients in a given sample were 
taken to equal 100 per cent 

RESULTS 

The results for the system of peppermint oil- 
water-Tw een 20 were plotted as seen in Figs 1, 2, 3 
and 4; and the other systems are shown in Figs 5 
and 6. The volumes of the tliree ingredients were 
converted to weight by using specific gravities 
Table I gives the weights of the three ingredients 
necessarj- to cause a change of phase as is seen in 
Fig 1. Regions I/II, II/III and III/IV in Table 
1 represent the limiting values for a visible change of 
phase from one region to the next. The two curves 
shown in Fig. 1 represent the per cent by weight and 
the per cent by volume of the three ingredients. 

The Effects of Dilution on the Peppermint Oil- 
Water-Tween 20 System. — Figure 2 has been used 
to show some of the difficulties that might accom- 
pany the use of surface-active agents to make solu- 
bilized concentrates. In this reproduction of a 
portion of Fig. 1 from zero to 30 per cent peppermint 
oil, A represents a peppermint oil concentrate con- 


Table I. — The Weight Per Cent Data for the System of Peppermint Dip (O), Water (W), Tween 
20 (T) at 20° Necessary to Bring About a Change from One Phase to the Next 
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80.5 
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11 5 

35 3 

53 2 

24 5 

67 4 

8 1 

23 7 

65 2 

11.1 

13 6 

37.4 

49.0 

29 3 

66 6 

6 1 

25 4 

62 0 

12 6 

16 4 

40.2 

43.4 

30 4 

64 8 

4 8 

27 8 

59 2 

13 0 

19 5 

41 7 

38 8 

33 9 

62 1 

4 0 

30 8 

56 5 

12 7 

23 2 

42 5 

34.3 

38 2 

58 4 

3 4 

34 5 

52 7 

12 8 

28 2 

43 2 

28 6 

43 8 

53.6 

2 6 

39 9 

48 7 

11 4 

34 8 

42 4 

22.8 

46 4 

51 3 

2 3 

42 3 

46 7 

11 0 

38 0 

42 1 

19.9 

50 3 

46 1 

3 6 

46 3 

42 4 

11 3 

43 8 

40 3 

15.9 

65 9 

41 0 

3 1 

52 6 

38 6 

8 8 

50 4 

37 0 

12.6 

60 0 

30 7 

3 3 







64 7 

31 6 

3 7 







71 8 

26 3 

2 9 







82 5 

15 1 

2 4 








represent the equilibrium value but rather supplied 
a point which could be reproduced upon subsequent 
tests. 

The cloud point was considered as the transition 
between a solubilized and an emulsified system when 
the solubilizing agent was used. Although cloud- 
ing docs not necessarilj' indicate a distinct separa- 
tion of two phases, it suggests a state of instability, 
and is referred to later in connection with the phase 
diagrams as the beginning of a region of immisci- 
hilily 

The peppermint oil-water-Tween 20 system was 
studied at temperatures of 10°, 20°, 30°, and 40° 
using a constant temperature batli to maintain the 
temperature within ±0.1 ° The other systems were 
investigated at 20°. The volumes were converted 


taining 7.5% oil, 42.5% Tween 20 and 50 0% water, 
which is diluted with water as needed to yield the 
aromatic water (5). A ' was obtained by the dilu- 
tion of 10.0 ml. of the concentrate to 100 ml. with 
distilled water, tlius forming a solution containing 
0.75% peppermint oil and 4.25% Tween 20. The 
plot indicates that such a concentrate is satisfac- 
torj' for tlie preparation of an aromatic water at 25°. 

In Fig. 2, concentrate B, was used to point up the 
difficulties that might result from an indiscriminate 
use of surface-active agents For e.\ample, when 
49% peppermint oil, 50% Tween 20 and 1% water 
were combined a clear solution B was produced, but 
when 10 0 ml. of tliis solution were diluted with 0 1 
ml. of distilled water, a cloudy mixture B' resulted 
Mflien 1.0 ml. more of distilled water was added 
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Fig. 1. — The three-component phase diagram 
showing regions of miscibility and immiscibility at 
20°, and comparing weight per cent and volume per 
cent for peppermint oil. Tween 20 and water. 



Fig. 2. — Enlargement of a portion of Fig. 1 show- 
ing regions of miscibility and immiscibility at 20°. 
The effects of diluting volatile concentrates for the 
preparation of aromatic waters are observed b 3 ' 
following the lines through points A and B on the 
insert diagram. 


the mbcture again became clear as represented bj’’ 
point B ' but when the total volume was brought to 
30.0 ml., a turbid mixture B' ' ' was formed, and it 
remained cloud}' until a point was reached where the 
concentration was approximately equal to the solu- 
bility of peppermint oil in water. 

In Fig. 3, the grams of oil solubilized m ere plotted 
versus grams of surface-active agent used. The 
region plotted covers the same concentrations as 
Fig. 2 but shows more clearly the solubility of the 
oil as a function of the amphiphilic agent. 

The Influence of Temperature. — Figure 4 depicts 
the effects of changes in temperatme upon the solu- 
bility of the peppermint oil-water-Tweeu 20 mixture. 


With a decrease in temperature the region of imraisci- 
bility below the curve (Region IV) increased while 
Region II decreased in size. At 10° the mixture was 
very viscous, and it was not possible to obtain an 
unambiguous cloud point. 

Other Ternary Systems. — Figure 6 shows the 
phase diagram relationship for peppermint oil- 



Fig. 3. — The solubilization of peppermint oil with 
Tween 20 in water. 



Fig. 4. — Three-component phase diagram showing 
regions of miscibility and immiscibility at various 
temperatures for peppermint oil. Tween 20 and 
water. A, 20°, B, 30°, C, 40°. 
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■n ater-polyethj’lene glycol 400, and Fig. 6 illustrates 
the blending of benzyl benzoate and water by the 
use of polyethylene glycol 400. The area above the 
curve in each case represents a clear solution, whereas, 
the area under the curve is a two-phase region of 



Fig 5 — ^Three-component phase diagram show ing 
the regions of miscibility and immiscibilit\' at 20° 
for peppermint oil, polyethylene glycol 400 and 
w ater 



Fig 6 — Three-component phase diagram showing 
the regions of miscibility and immiscibility at 20° 
for benzyl benzoate, polyethylene gljcol 400 and 
water. 


immiscibility The differences between the char- 
acter of the results in Fig 2 and Figs 5 and 6 point 
up the fact that the oil is probablj' brought into 
solution by different mechanisms The solubilitj' 
shown in Figs 5 and 6 involves the action of a true 
co-solvent rather than a micelle-forming surface- 
active agent 


SUMMARY AND CONCLUSIONS 

Ternary phase diagrams have been used in 
this study to describe the pharmaceutical sys- 
tems containing peppermint oil, water and an 
amphiphilic agent, and they can assist one in the 
development of solubilized products. 

The arrow s drawn through the points A and B 
in Fig 2 indicate how the concentrations of the 
ingredients change upon dilution with water. 

Care must be exercised in formulating a solu- 
bilized oil concentrate so that a turbid prepara- 
tion will not result on dilution The influence of 
temperature on the mixture was also studied 
Moderate changes in temperature have little 
effect on the phase equilibrium; howwer, a 
decrease in ambient temperature may produce 
turbidity in a normally clear solubilized system 

By comparing Figs 1 and 5, it can be seen that 
Tween 20 is more efficient in blending peppermint 
oil and water than is polyethylene glycol 400 
The diagrams also suggest that peppermint oil 
is probably brought into solution by these two 
amphiphilic agents by different mechanisms. 
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The Effect of Nicotine on Experimental 
Hypercholesterolemia in the Rabbit* 

By DUANE G. WENZELf and GERALD L. BECKLOFF 

The administration of 2.28 mg./Kg./day of nicotine alkaloid in the drinking water 
of rabbits fed a 0. 1 % cholesterol diet significantly increased the plasma total choles- 
terol levels over those of control groups. Cholesterol/lipid phosphorus (C/P) 
ratios, which may be used as an indication of atherogenic susceptibility, were not 
raised to the same extent because of concomitant increases in lipid phosphorus. 
Significant differences in serum ascorbic acid, serum stability, bromsulfalein re- 
tention, aortic cholesterol content, and aortic plaques could not be demonstrated 
at terminal determinations possibly because of reduced group sizes. 


' I *HE MEDICAL LITERATURE is replete with in- 
vestigations concerning the effects of nicotine 
on the cardiovascular system. Clinically it is 
generally conceded that nicotine should be 
avoided in vascular diseases such as thromboan- 
giitis obliterans (1), Raynaud’s syndrome (2), 
peripheral arteriosclerosis (3), and its use is in- 
advisable in the cardiac sensitivity known as to- 
bacco angina (4). These untoward effects of 
nicotine are probably related to the decreased 
peripheral blood flow produced by nicotine as 
demonstrated by skin temperature fall (5), ple- 
thysmographic studies (6), and visual observation 
of capillary blood flow (7). 

While it is apparent that the vasoconstrictive 
effect of nicotine is deterimental to most of the 
peripheral vascular diseases, it is difficult to re- 
late its action directly to atherosclerosis. It ap- 
pears to be more or less tacitly assumed that if 
nicotine is related to atherosclerosis this relation- 
ship is not causal in nature but that its action, at 
most, onty aggravates the already existing dis- 
ease. 

Thienes and Butt (8) treating both rats and 
rabbits with nicotine found an apparent lack 
of cardiovascular toxicity as a greater percentage 
of degenerative vascular changes occurred in the 
controls than in the experimental group. In a 
clinical study of 301 male diabetics, however, it 
was reported 53% of the smokers suffered from 
atherosclerosis as compared to 23% in the non- 
smokers (9). Swiss investigators directed atten- 
tion to the fact that only 6.7% of a large group of 
coronarj’- patients were nonsmokers as compared 
to 25.5% of nonsmokers in a comparable control 
group (10). They further established that there 
were more heavy^ smokers among the athero- 

* Received July 10, 1957 from the School of Pharmacy, 
University of Kansas, Lawrence. 
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ments for the degree of Master of Science. 

t Professor of Pharmacology, School of Pharmacy, Uni- 
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sclerotic patients (45%) than the control (28.5%) 
and the heavier the smoking the younger the 
age of onset. In a study of 1,520 patients with 
angina pectoris and coronary thrombosis, Sigler 
(11) concluded that there was a direct correlation 
between the amount of smoking and both the 
early appearance of the first coronary' occlusion 
and the occurrence of death due to this cause. 
Hammond and Horn (12) in a follow-up study of 
190,000 men found that the death rate from coro- 
nary artery disease was almost twice as high for 
men smoking one or more packs of cigarettes 
daily than for nonsmokers. 

As coronary artery disease is usually athero- 
sclerotic in nature it is difficult to account for the 
increased death rate on the basis of a vasocon- 
strictive action alone. In fact, smoking has been 
stated to be of no direct danger to the cardiac pa- 
tient through coronary' vasoconstriction (13). 
Bargeron, el al. (14), observed that while smoking 
one cigarette produces an average increase of 
19% in coronary' blood flow, my'ocardial oxygen 
consumption rises by about 27%. In rabbits, 
nicotine reduces the coronary' blood flow in 
atherosclerotic Langendorff hearts (15). 

One possibility is that some of the circumstan- 
tial evidence for the role of dietary fats and cho- 
lesterol in the production of atherosclerosis may' 
be related in part to nicotine. For example, it 
has been observed that a steady' increase in coro- 
nary' artery' disease occurred in Norway until 
1940, the time of the German occupation. Dur- 
ing the occupation when the average daily fat in- 
take was reduced from the usual 159 grams to 71 
grams, there was essentially a corresponding de- 
crease in deaths due to circulatory diseases. 
While the probable role of fats in the changing 
picture is not denied, it must also be considered 
that during this same period the tobacco con- 
sumption was at a relatively' low level (16). 
A similar possibility exists in studies which have 
related the low fat intake of certain primitive so- 
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cieties to reduction in cardiovascular disease (17). 
It is likely that here again the low fat diet is ac- 
companied by minimal tobacco consumption. 

The following work was designed as a pilot 
study to explore the possibility of a direct rela- 
tionship between nicotine and the plasma choles- 
terol level. Although the atherosclerotic hu- 
man does not necessarily have hj'percholesterol- 
emia, individuals having evidence of coronary dis- 
ease as a group tend to have higher than normal 
serum cholesterol levels (18, 19). Experiment- 
ally induced atherosclerosis of animals is usually 
preceded and (or) accompanied by hj'percholes- 
terolemia but can be induced by small doses of 
cholesterol producing minimal hypercholesterol- 
emia (20). 

This initial investigation is limited to the ex- 
amination of the role of nicotine in total plasma 
cholesterol and lipid phosphorus levels and to 
the factors which may be responsible for changes 
observed. 

EXPERIMENTAL 

Methods.— Male New Zealand white rabbits 
were used in this study. The animals were six 
weeks of age at the beginning of the problem and 
weighed between 2012 and 2333 grams. Group I, 
the untreated control, was fed Purina Rabbit Chow 
Checkers and water ad libitum. Group II, the cho- 
lesterol control, received the same diet except for the 
addition of 0.1% cholesterol to the feed. This was 
added by dissolving the cholesterol in sufficient 
chloroform to uniformly moisten the pellets during 
thorough mixing. The chloroform was then re- 
moved by evaporation in a steam oven. It should 
be noted that 0.1% cholesterol in the diet is a smaller 
quantity than that usually administered. A 1% 
cholesterol diet is ordinarily considered to produce 
maximal hypercholesterolemia, but the 0.1% level 
was selected in order to be able to more readily ob- 
serve possible increases in the plasma cholesterol 
level. Group III, the nieotine control, received the 
control diet plus a measured amount of nicotine al- 
kaloid in the drinking water. The amount of nico- 
tine was calculated to supply a quantit 3 ' of the alka- 
loid equivalent on a weight basis to the human con- 
sumption of two packs of cigarettes dail}^ The 
average daily water consumption per rabbit was 350 
ml. Four milligrams of nicotine per os has been 
reported to produee the same psj’chic effects as 
smoking one cigarette by a habitual smoker (21). 
Using 70 Kg. as the average adult human weight, 
the dailj' two pack rabbit equivalent is approxi- 
mateh- 2.28 rag./Kg. of nicotine alkaloid. This 
quantity was the final dailj' amount of nieotine in 
each 350 ml. drinking water of groups II and IV. 
All drinking containers were plastic. Group IV had 
the combined treatments of groups II and III ; that 
is. both cholesterol and nicotine. 

In order to reduce the possibilitj' of acute nicotine 
toxicitj', the production of tolerance was attempted 
by gradually increasing the size of the dose. For 
the first three daj-s the nicotine equivalent of 3.33 


“rabbit cigarettes” was given daily. This same 
quantitj' was added to the total dailj' intake at the 
end of each three-daj' period until at the end of 
thirtj'-six daj's the full 40 “rabbit cigarette” equiv- 
alent was being administered. The quantitj' of 
nicotine was adjusted throughout the experiment to 
correspond to the increase in bodj' weight. 

Immediately prior to the initiation of the study, 
total plasma cholesterol and lipid phosphorus levels 
were determined for all animals. These were re- 
peated at intervals of four weeks for the twentj'- 
week test period. Total plasma cholesterol was 
determined bj' a modification of the Bloor-Sacket 
method (22). Plasma lipid phosphorus levels were 
established by a modified Youngberg procedure (23). 

At the termination of the test period additional 
tests were conducted. A serum ascorbic acid 
analj'sis was made of each animal according to Lowr j' 
(24). The relative serum stabilitj' was determined 
according to a modification of the work of Ressler, 
el al. (25). Using their technique on hjiiercho- 
lesterolemic serum resulted in spectrophotometric 
readings too turbid to read. Since the results are 
simply comparative for the control and experimental 
groups, the following procedure was used which ap- 
peared to allow adequate light transmission. Two- 
tenths milliliter of 0.006 M zinc acetate solution was 
added to 1.5 ml. of serum at thirtj’-second intervals 
until a total of 1.8 ml. had been added. Two- 
tenths milliliter of water was then added and readings 
were made at 510 m^ with a zero stetting at 70% 
transmission. Readings were as low as 21% trans- 
mission, j'et a number reached over 110% and could 
not be considered as true numbers. A bromsulfa- 
lein test for liver function was conducted according 
to the usual procedure (26). 

When the preceding tests were completed the ani- 
mals were sacrificed and the aortas graded for gross 
atherosclerotic lesions bj' the method of Horlick 
and Katz (27). After grading, the aortas from the 
left carotid to the right renal artery were dried over 
potassium hydroxide, extracted as directed bj' Faber 
(28) and the cholesterol determined bj' the same 
method as used in the plasma cholesterol determina- 
tions. Liver and bodj' weights were also recorded. 

RESULTS AND DISCUSSION 

Table I and Fig. 1 show that the plasma choles- 
terol levels were approximate^' equal for all groups 
at the beginning of the experiment. While the 
cholesterol levels of the nicotine and control groups 
then fell slightlj' and remained relativel}' constant 
throughout the twentj' weeks of the experiment, 
both the cholesterol and nicotine-cholesterol groups 
had an immediate increase in plasma cholesterol at 
four weeks with leveling at the eight-week test. 
The nicotine-cholesterol group, however, had a fur- 
ther increase between the eight- and twelve-week 
periods with subsequent lev'eling. 

The amount of plasma lipid phosphorus was also 
approximatelj' the same for all four groups at the 
onset as seen in Table I and Fig. 2, but the changes 
differed from those of the plasma cholesterol. The 
nicotine and control group levels showed a falling 
trend while both the cholesterol and nicotine-choles- 
terol rabbits had a rise at four weeks with a fall in 
the levels of the cholesterol group after this test. 
The lipid phosphorus values of the nicotine 
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Table I. — Mean Total Cholesterol, Lipid Phosphorus and C/P Ratios op Rabbits® 


Group® 

I. Control 

Total Cholesterol 
± S E 

Lipid Phosphorus 
±S E 

C/P Ratio ± S E. 

II Cholesterol 
Total Cholesterol 

± S E. 

Lipid Phosphorus 
± S E 

C/P Ratio =fc S E. 

III Nicotine 
Total Cholesterol 

± S. E. 

Lipid Phosphorus 
± S E. 

C/P Ratio ± S E. 
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2.3 

22.3 

zb 

.18 

70 5 

zb 

o 

1 

57 3 

zb 

G 

2 

47 3 

zb 

0.7 

51.1 

zb 

G 

3 

58 2 

zb 

13.3 

47. G 

zb 

8.1 

G 41 

zb 

0 

32 

5 41 


0 

21 

0 19 

zb 

0.27 

4 75 

zb 

0 

21 

5.25 


0.59 

4.19 

zb 

0,43 

11 2 

zb 

0 

71 

10 9 


1 

5 

10 8 

zb 

0 97 

12 2 

zb 

1 

1 

10 1 

zb 

0.91 

9.29 

zb 

0.84 


zb S E. 

G1 7 

zb 

3 

9 

107 2 

zb 15 1 

112 3 

zb 

18 I 

195 3 

zb 

31 7 

194.7 

zb 

27. G 

193.1 

zb 

32.8 

Lipide Phosphorus 
zb S E 

G 34 

zb 

0 

3G 

7 38 

± 0 C5 

7.19 

zb 

0 82 

7.13 

zb 

0 94 

7.44 

zb 

0.G9 

8.38 

zb 

1.03 

C/P Ratio zb S E 

10 1 

zb 

0 

32 

13 7 

zb 0 92 

15 8 

zb 

2 1 

20 1 

zb 

2.3 

25 1 

zb 

2.0 

22.1 


2 2 


p Total cholesterol and lipid phosphorus are expressed in mg. %. 

6 Group I, Control, received stock diet. Group II, Cholesterol, 0 1% cholesterol in diet; Group III, Nicotine, 2,28 mg /Kg, 
nicotine daily in drinking water, and Group IV, Nicotme-Cholesterol, combined treatments of II and III, 


terol group remained relatively constant at the eight- 
and twelve-week periods but began to increase at 
sixteen weeks. 

The total cholesterol/lipid phosphorus (C/P) 
ratio is thought by some to be a more sensitive index 
of atherogenic susceptibility than is the plasma cho- 
lesterol level alone (29). Table I and Fig. 3 show 
that the control and nicotine C/P ratios did vary 
appreciably but that they are raised in both the 
cholesterol and nicotine-cholesterol groups. While 
the nicotine-cholesterol combination produced a 
faster rise in the ratios than cholesterol alone, the 
ratios of both groups were approximatelj' equal at 
twenty weeks. Standard errors arc included for 
each group mean in Table I, but because of inherent 
wide variations in the cholesterol and lipid phospho- 
rus levels of rabbits (30) more sophisticated statisti- 
cal approaches were employed. The data were first 
analyzed for variance by the hierachic (31) and or- 
thogonal (32) methods. Since significant differences 
were obtained between groups in both analyses, the 
two procedures were combined into a regression 
comparison analysis (33) to determine if the shape 
of the curves differ significantly from one another. 

The F values and their significances are given in 
Table II. The hierachic analysis of variance re- 
veals significant differences between groups for cho- 
lesterol, lipid phosphorus, and the C/P ratios and 
also between rabbits within groups for cholesterol 
and lipid phosphorus, but not for the C/P ratios. 
It may be concluded that there was an overall real 
difference between the group values although not 
necessarily for all groups at all times. 

The orthogonal analysis of variance also indicates 
significant differences between the groups and be- 
tween the periods for the lipid phosphorus and the 



Figure 1. 



TIME IN WEEKS 
A CONTROL • NICOTINE 

o OI%CHOLESTEROL o OI%CHOLESTEROL + NICOTINE 

Figure 2. 
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Table II. — Analysis of Variance 



Hierachic 

Orthogonal 


F values 

F values 

Between groups 

Cholesterol 

24.5'’ 

73.6“ 

Lipid phosphorus 

27.9“ 

28.0“ 

C/P ratio 

45.1“ 

88.1“ 

Between rabbits within 

groups 

3.16“ 


Cholesterol 


Lipid phosphorus 

3.02“ 


C/P ratio 

1.09‘ 


Between periods 

Cholesterol 


1.72“ 

Lipid phosphorus 


8.19“ 

C/P 


28.61“ 

Interaction 


a 

Cholesterol 


5.25“ 

Lipid phosphorus 


3.92“ 

C/P ratio 


8.43“ 


“ p < 0.001. 

& Not significant. 



0.1% CHOLESTEROL 


n O.I%CHOLESTEROL+ NICOTINE 
Figure 3. 


C/P ratios, but not between the periods for choles- 
terol. This is not to say that there are not signifi- 
cant differences between periods for cholesterol but 
only that the study as a whole shows no significant 
differences. This is clarified by the interaction be- 
tween periods (P) and rabbits (R) which is significant 


and demonstrates that real differences do exist be- 
tween periods but not at all of the times. In other 
words, as can be seen in Fig. 1, the increases or de- 
creases in plasma cholesterol for all groups did not 
alwaj's proceed in the same direction at one time and 
there was an overall cancelling effect. Therefore in 
order to determine whether the nicotine-cholesterol 
group, for example, had cholesterol values signifi- 
cantly different from those of the control the test 
period would have to be specified. 

Since both the hierachic and orthogonal analyses 
indicated significant differences between groups, the 
two procedures were combined into a regression 
comparison analysis (33) in order to show whether 
the shapes of the curves differed significantly for the 
four groups. The results of this analysis are listed 
in Table III. It can be seen that for several types 
of curves the differences are significant. This is 
especially true when they are compared as linear 
curves. 

From the data and its statistical evaluation it may 
be concluded that while the plasma cholesterol level 
of the nicotine-cholesterol group was significantly 
increased b}' the administration of nicotine over that 
of the cholesterol group, the lipid phosphorus level of 
this group also increased. If the C/P ratio is used 
as an index of atherogenic susceptibility the hyper- 
cholesterolemic effect of nicotine is at least partially 
compensated for by the increase in lipid phosphorus. 
In order to assess any atherogenic tendency of nico- 
tine it would therefore be necessary to determine the 
degree of pathological vascular involvement. 

The experiment was originally designed to con- 
tinue for twenty-eight rather than the twenty weeks 
as shown in the figures and tables. During the 
last eight weeks a number of animals died in the con- 
trol, nicotine, and nicotine-cholesterol groups and 
while values were obtained with the survivors for 
two more periods they are not included in the data 
because little reliance could be placed upon the data 
from small groups. Nine animals were left in the 
control group, 12 in the cholesterol, five in the nico- 
tine, and four in the nicotine-cholesterol. 

At the end of twenty-eight weeks, tests for serum 
ascorbic acid, serum stability, and bromsulfalein 
retention were made and the gross aortic lesions, 
aortic cholesterol, body and liver iveights determined 


Table III. — Regression Analysis of Variance 



Cholesterol 

F values 

"o 

^ w o 

O « .5 

O 

1 V. 
u u 
c-ti 

Lipid Phosphorus 

F values 
'o 

V V 

*0 « C 

*0 

V V 

c ri 


C/P Ratio 

F values 

*3 

u 

w a 

Ti c 

*o 

1 U 

O V 

Type of 

n ’o 

O 

U 

So 

c 

«/ -w 

2 8 

t/ 

^1 

kc 

c 

V M 

2 8 

8*5 

Curve 

U U 


iEO 

U 

o Z 

Zu 

U 

D Z 

ss 

Linear 

18.6“ 9.38“ 

16.0' 

52.4' 

125.5' 

29.8' 26.7' 

8.13“ 

17.3' 

209.0' 

122.1' 

Quad- 

ratic 

19.9' 7.53“ 

8.21“ 

7.90“ 

12. S' 

4.58“ •' 

d 

19.4' 

24.8' 9.74“ 

23J' 

Cubic 

d g 42i> 

d 

d 

12.0“ 

18.4' 

d 

20.2' 

2.12-' 1.71'^ 

91<1 

Quartic 

“ 5.27“ 

d 

d 

l.SM 

d d 

d 

15.9' 

25.3' “ 

d 

Quintic 

'* 2.48“ 

7.71' 

3.70-* 

0.11“ 

d d 

d 

8.42' 

20.1' 9.85' 

7.61“ 


^ Not significant. Where vaincs are not given whole numbers were not obtained. 
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Table H' — Mean Group Values of Terminal Determinations 


Group 

Serum 
Ascorbic 
Acid 
mg % 

Serum 
Stability, 
% Trans 
mission 

Control 

0 73 

101 

Cholesterol 

0 81 

78 

Nicotine 

0 76 

77 

Nicotine Cholesterol 

0 57 

96 


Aortic 

Total 

Brom 

sulfalem 

Body 

I iver 

Cholesterol 

Retention, 

Weight, 

Weight 

mg % 

% 

Gra 

Gn 

11 1 

2 2 

3910 

111 

16 8 

6 7 

3490 

111 

30 6 

4 1 

3561 

113 

18 9 

5 6 

3435 

85 


on the remaining animals These values are listed 
in Table IV While thej cannot be considered to be 
meaningful because of the reduced number of am 
mals, they are included for reference purposes 
Simple analjses of variance vere made for all these 
determinations but no significant differences could 
be demonstrated The bod 3 ' Heights are of some 
interest as the nicotine cholesterol group ate the 
least and therefore gamed the slonest Rabbits 
generallj' develop more arterial lesions if thev are 
veil fed and thriving than vlien they gain more 
sIohIj' (30) In this instance the low weight group 
had the highest plasma cholesterol level 

These tests were performed in an attempt to deter 
mine the mechanism bj which nicotine produced 
hj percholesterolemia It was thought that the 
action of nicotine might be related to its effect on 
ascorbic acid as Bourquin (34) found that the le\ el of 
ascorbic acid in whole blood was lowered as a result 
of smoking This observation coupled with the 
gross and often complete deficienct of ascorbic acid 
m the arteries of atherosclerotic humans at autopst 
and the fact that scuriy in guinea pigs results in 
rapidls developing atherosclerosis (35) makes the 
relationship of potential significance The role of 
ascorbic acid in atherosclerosis is possiblj a function 
of Its control of the sjnthes's of cholesterol from 
acti\ e acetate (36) and (or) its importance in general 
vascular health Serum stabihtj was studied be- 
cause of the observation bv Ressler (25) that the 
serum of atherosclerotic individuals was relativelj 
unstable, becoming turbid on the addition of certain 
metallic salts Liv'er function vv as evamined because 
the liver is the principal organ for cholesterol sjn- 
tliesis, turnov er, and excretion In diseases of the 
liver various alterations of lipid metabolism occur 
with associated derrangements of plasma lipid pat- 
terns (37) 

Gross examination of the aortas revealed plaques 
m five of the cholesterol group, three of the nicotine 
group and one of the nicotine cholesterol group 
\ccordmg to Katz’s (27) sv stem for the quantitative 
evaluation of atherosclerotic lesions thej could be 
graded as class 1 and 2 inv olvenient This was then 
minimal atherosclerosis Once again the inadequate 
group sizes made comparison madv isable 

SUMMARY 

I Four groups of tweh'e rabbits per group 
were tested five times at four week intervals for 
total plasma cholesterol and plasma lipid phos- 
phorus The groups consisted of a control, 0 1% 
cholesterol diet, 2 28 mg /Kg /day nicotine alka 
loid in the drinking water, and combined choles 
terol and nicotine Attwent} eight weeks, stud- 


ies were made of serum ascorbic aad, serum sta- 
bility, and bromsulfalein retention Animals 
were sacrificed and the aortas were examined for 
gross lesions and their cholesterol content deter- 
mined Terminal body and liver weights were 
also obtained 

2 Tests of significance demonstrated that the 
administration of nicotine in addition to a cho 
lesterol containing diet caused significant m 
creases in plasma cholesterol, lipid phosphorus 
and the C/P ratio of rabbits The importance of 
the nicotine enhancement of hypercholesterol- 
emia as an atherogenic stimulus may be negated 
bv the concomitant rise in hpid phosphorus as 
reflected b) the C/P ratios 

3 Significant differences could not be demon 
strated in the serum ascorbic aad, serum stabil 
ity, bromsulfalein retention, and aortic lesions 
possibly because of the mortality in some groups 
following the twenty -week period 
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Effect of the pH of Buffered Paper on the 

of Alkaloids* 


By MICHAEL DEEFNERf and ALICE ISSIDORIDES-DEFFNER 


The influence of pH upon the Rf and the na- 
ture of the buffer used for the pretreatment 
of the paper have been investigated for bella- 
donna, strychnos, and opium alkaloids. Rf 
values at the same pH of the same buffer are 
correlated to their chemical structure. Vari- 
ation of Rf with the pH of the buffer, varia- 
tion otRf for different buffers of the same pH, 
the influence of certain anions and cations, 
molarity of buffer, and the kind of paper used 
for chromatography are discussed. 


A LKALOTDS and other basic substances with a 
dissociation constant of about 10~® to 
10”^“, clu’omatographed on untreated paper with 
neutral developing solvents, give diffuse elon- 
gated spots. This is due to their existence on the 
paper as ions and as undissociated molecules 
These two forms have different Rf values and 
therefore give elongated spots (1-4). 

Strong or very weak bases on the other hand, 
when chromatographed on untreated paper with 
neutral solvents, give sharp round spots because 
they exist in only one form either as ions or as un- 
dissociated molecules 

Alkaloids with a dissociation constant between 
10“® and 10“*“ can he chromatographed on paper 
without “taih'ng” by addition of an acid to the 
developing solvent, or by pretreatment of the 
filter paper with neutral salts or buffer solutions 
of appropriate pH. 

The addition of an acid to the developing sol- 
vent generally produces good chromatograms. 
The dissociation constant of the.hase determines 
the amount of the acid to be used. The addition 
of strong mineral acids or polycarboxylic adds to 
the developing solvent gives rise to the effect of 
"demixion” (Entmischung) (1). The ions of the 
slower moving strong acid remain behind the 


* Replied January S, 1957 from the Vitanne Greece Co 
Athens, Greece 

t Associate Professor. Unir ersity of Athens, Athen: 
Tr*',' th-'nl. AIcrcL AG Darmstad' 

•and The X it.arine Co , Inc , Nck York, for suppUinir th 
compounds used m this study i h m 


solvent front forming a second front, the front of 
“demixion.” If the alkaloids appear above or 
below the front of “demixion,” this effect docs 
not interfere in most cases with the identification 
and separation of the substances. However, if 
an alkaloid appears in the vidnity of the front of 
"demixion," double spots are formed which make 
the measurement of the Rf and separation of a 
mixture difficult. By increasing or decreasing 
the concentration of the acid, and thus moving 
the front of "demixion” above or below the spot 
of the alkaloid, the formation of double spots can 
be prevented. 

The use of filter paper pretreated with neutral 
salts or buffer solutions also prevents “tailing.” 
In the first case, the acid of the anion of the salt 
is added to the developing solvent; whereas in 
the second case, neutral developing solvents are 
used. 

The Rf of an alkaloid chromatographed on 
paper pretreated with buffer solutions with n- 
butyl alcohol or isobutyl alcohol saturated with 
the same buffer solution as the developing sol- 
vent, depends on the pH and the nature of the 
buffer used (5) . The lower the pH, the lower the 
Rf value of the alkaloid will be since the ion 
has lower Rj value than the undissociated base. 
Thus the Rf increases with increasing pH and 
becomes constant at a higher pH. 

The purpose of this inx-estigation was to deter- 
mine the variation of the i?/-forx'arious alkaloids 
with different buffers. The alkaloids investi- 
gated were apoatropine, atropine, hyoscyamine 
scopolamine, brucine, strychnine, codeine, mor- 
phine, papaverine, and l-benzyl-3-ethyl-6,7.di. 
methoxy-isoquinolme (isaverine, Merck). 


EXPERIMENTAL 


meter, Ji-Butyl alcohol reagent 


'-I '-iiiuroio] 
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reagent grade, Mcllvaine’s buffer (6), citrate buffer 
(7), phosphate buffer 0.2 M U. S. P. XV, tartrate 
buffer 0.2 M (7), acetate buffer 0.2 M (7), lactate 
buffer 0.2 ilf (7), phthalate buffer U. S. P. XV, and 
Dragendorff's reagent as modified by Munier and 
Macheboeuf (1). 

Preparation of Papers. — Strips of Whatman No. 2 
paper, 4 x 30 cm., were immersed in different buffer 
solutions, air dried, sewn lengthwise with a white 
cotton thread in order of ascending pH, formed to fit 
the glass cylinder, and then placed therein. 

Chromatography. — Glass cylinders (13 cm. diain., 
45 cm. height) were used. The substances were ap- 
plied with a micropipet as free bases in a chloroform 
solution (20 meg. each time). The ascending method 
was used with »-butyl alcohol saturated with water as 
the developing solvent. A small beaker containing 
the water phase was placed at the bottom of the 
chromatographic jar, the hollow paper form was 
placed therein, and left six to fifteen hours for equili- 
bration. The developing solvent was then added and 
the chromatograms were developed in the dark for six 
to eight hours (height: 20-25cm.). Theclmomato- 
grams were air dried and sprayed with Dragendorff’s 
reagent and the R/ values were ealculated, measuring 
the distance from the point of application to the 
leading edge of the spot. All chromatograms were 
run in duplicate and the R / values, although varying 
with temperature, did not differ by more than 7%. 

The pH of the buffer solutions was measured be- 
fore and after immersion of the filter paper and after 
shaking the buffer solution with «-butyl alcohol. 
As Table I shows for citrate buffer, the pH remains 
unchanged after immersion of the paper, but in- 
creases slightly after shaking with «-butyl alcohol. 


Table I. — pH of Buffer after Immersion of 
Paper and after Shaking with «-Butyl Alco- 
hol 


Initial pH 

pH After 
Immersion 

pH After 
Shaking With 
«-ButyI 
Alcohol 

1.22 

1.22 

1.32 

2.20 

2.15 

2.30 

3.20 

3.20 

3.30 

4.30 

4 30 

4.40 

5.40 

5,40 

5.50 

6.00 

5.95 

6.10 


Use of Whatman Nos. 1 and 4 and Schleicher and 
Schiill No. 2043b paper gave slightly different Rf 
values, but showed the same variation oi Rf with 
the pH of the buffer solution used for the pretreat- 
ment of the paper. Rf values were ahvays lower 
on Whatman No. 1 and Schleicher and Schiill No. 
2043b than those obtained on Whatman No. 2 paper. 
On Whatman No. 4 paper they were highest. 
Whatman No. 1 paper sometimes gave "tailing,” 
whereas Whatman No. 4 paper gave more diffuse 
spots. Changes in the molarity of the buffer did 
not bring about any appreciable changes in the Rf 
values, but the lower the molaritj-, the more elon- 
gated were the spots. The use of citrate buffer, pre- 
pared from secondary sodium citrate with the addi- 
tion of HCl and NaOH, respectively (7), gave dif- 


ferent RfVS. pH graphs from those obtained when 
using citrate buffer prepared from citric acid by add- 
ing tertiary sodium citrate. Figure 1 shows that the 
A/ values hp to about a pFI of 5.0 are higher for the 
first buffer than those for the second. This is due 
to the influence of chlorine ions of HCl used for the 
preparation of the first buffer. 

With pH’s above 5.0 there is no influence of 
chlorine ions because NaOH instead of HCl was added 
to the buffer. The use of KOH instead of NaOH in 
the buffer gave higher Rf values which indicated 
some influence of the cations on the A/ values of the 
alkaloids. Figures 2, 3, 4, and 5 illustrate the de- 
pendency of the Rf values of the alkaloids on the 
pH for: citrate, Mcllvaine’s, phosphate, and tar- 
trate buffers. The R f values of the alkaloids at dif- 



pll 

Fig. 1. — Rf vs. pH of atropine, O O. buffer 

prepared from secondary sodium citrate with the 
addition of HCl and NaOH; O O. buffer pre- 

pared from eitric acid and tertiary sodium citrate. 


ferent pH’s for acetate and lactate buffers are shown 
in Tables II and III. The Rf values of all alkaloids 
increased steadily with increasing pH for those two 
buffers. The R f values for phthalate buffer are not 
shown because the 3 ^ caused only slight variation. 

DISCUSSION 

The A/- values of the compounds studied depended 
primarily on the partition between the stationary 
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See Fig. 5 for legend of curves 



2 3 4 5 C 7 8 

pH 

Fig. 3. — R/ vs. pH of alkaloids, Mcllvaine’s buffer. 


See Fig 5 for legend of cun'es 

phase — adsorbed water — and the moving phase — 
organic solvent. The highly lipophilic compounds 
travelled as fast as the organic solvent having high 
Rf values The hydrophilic ones having low Rf 
values remained close to the starting line. Thus the 
l.argcr the alkyl group, the higher the R /. Isoalkj’l 


Edition 



pH 

Fig 4. — R/ vs. pH of alkaloids, phosphate buffer. 


See Fig 5 for legend of curves 


compounds had lower Rf values than their n-alkjd 
analogs. Hydroxy compounds also had lower Rf 
values than their alkyl analogs. Cations and anions 
gave lower Rf values than the undissociated mole- 
cules, bases, and acids (8). 

In the group of belladonna alkaloids, apoatro- 
pine has atropic instead of tropic acid in the mole- 
cule, the CH — CHiOH group being substituted by a 
0=CH2 group. Apoatropine has therefore higher 
Rf values than atropine at all pH's of all buffers 
used. Scopolamine has, instead of the tropanol nu- 
cleus, an oscine nucleus with an oxygen bridge. 
Scopolamine has, at pH’s above 5 50 and in acetate 
buffer, higher Rf values than atropine, but in all 
other buffers below pH 5 50, lower R / values than 
atropine; probably because of the formation of 
oxonium ions at the lower pH levels 

In the group of strychnos alkaloids, brucine, a 
dimethoxj-strychnine, has loner Rf values than 
strychnine. 

The opium alkaloid codeine, is more lipophilic 
than morphine and therefore has higher Rf values 
In the group of opium alkaloids with an isoquinoline 
nucleus, papaverine, because of the tno additional 
— OCHj groups and the lack of the — CjHj group, has 
lower Rf values than isaverine (l-benzyl-3-ctliyl- 
6,7-dimethoxj’-isoquinoline). 
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Table II — R/ Values of Alkaloids at Different pH’s for Acetate Buffer 


pH 

c 

M 

P 

I 

ST 

B 

AT 

SC 

AP« 

3 3 

0 84 

0 64 

0 86 

1 00 

0 74 

0 00 

0 60 

0 84 

0.76 

3 7 

0 89 

0 70 

0 88 

1 00 

0 80 

0 64 

0 74 

0 90 

0 87 

4 3 

0 94 

0 72 

0 91 

1 00 

0 88 

0 76 

0 82 

0 94 

0 94 

4 9 

0 97 

0 82 

0 92 

1 00 

0 95 

0 85 

0 94 

0 99 

0 97 

5 6 

0 97 

0 80 

1 00 

1 00 

0.95 

0 90 

0 96 

1 00 

1.00 

6 1 

0 95 


1 00 

1 00 

0 95 

0 86 

0 98 

1.00 

1 00 


Table III — Rf Values of Alkaloids at Different pH’s for Lactate Buffer 


pH 

C 

M 

P 

I 

ST 

B 

AT 

SC 

AP** 

2 5 

0 42 

0 32 

0 63 

0 72 

0.42 

0 40 

0 48 

0 32 

0.62 

3 0 

0 46 

0 39 

0 66 

0 76 

0.48 

0 42 

0 54 

0 38 

0 67 

3 4 

0 54 

0 39 

0 72 

0 82 

0 60 

0 50 

0 60 

0 46 

0.76 

4 2 

0 62 

0 45 

0 82 

0 85 

0 72 

0 62 

0 74 

0 56 

0 86 

4 8 

0 64 

0 40 

0 84 

0 86 

0 76 

0 68 

0 82 

0 66 

0 90 

5 2 

0 64 

0 44 

0 84 

0 78 

0 78 

0 70 

0 82 

0 67 

0 90 

° C, Codeine, 
AP, Apoatropine 

M, Morphine 

P Papa\erine, I, 

Isa\ erine. 

ST, Strychnine, 

B, Brucine, 

AT, Atropine, SC, Scopolamine, 


1 0 1 





I 1 > 

2 3 4 5 

pH 

Fig 5 . — Rf vs. pH of alkaloids, tartrate buffer. 

Figures 2, 3, 4, and 5: 1 1 isaverine, 2 Z 

papaverine, 3 3 apoatropine, 4 4 atropine, 

5 5 scopolamine, 6 6 str 3 'chnine, 7 7 co- 
deine, 8 8 brucine, 9 9 morphine 


/-Hyoscyamine, in spite of its difference in the Rf 
values in certain buffers, especially tartrate, cannot 
be separated from atropine, its d/-isomer. 

All alkaloids investigated, with the exception of 
papaverine and isaverine, belong to the group of 
alkaloids with dissociation constants from 10“* to 
10“’ and show a variation ol Rf with pH, the Rf 
generally increasing with increasing pH. Papave- 
rine and isaverine, which belong to the group of al- 
kaloids with dissociation constants from 10"’ to 
10"“, being weaker bases, show this variation at 
lower pH levels The Rf values of each alkaloid 
show differences at the same pH levels depending on 
the buffer used These differences can not be ex- 
plained bj' the difference in ionic strength because 
thej’’ exist even in buffers of approximately the same 
ionic strength, but thej' ma}’’ also be due to differ- 
ences in the water solubility of the solvent (9) or a 
chemical interaction between the anion of the buffer 
and the alkaloid. In the case of buffers of di- and 
poly-carbovylic acids, the Rf does not always in- 
crease by increasing the pH and the graphs Rf vs. 
pH show minima at certain pH levels (Figs. 2, 3, and 
5). This may be due to the fact that di- and, in 
general, poly-carboxylic acids exist in different 
ionic forms depending on the pH. 

The graphs Rfvs. pH are characteristic of a com- 
pound or a group of compounds and ma 3 ^ be used 
for identification. Tliei- ma}' also be used to find 
the optimum pH for the separation of compounds in 
a mixture. 
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The Synthesis and Pharmacology of N-Substituted 
Aminoalkyl Esters of Chlorophenyl Carbamic Acid* 

By ELIAS EPSTEIN and DANIEL KAMINSKY 


Dialkylamino and morpholino alkyl esters of ortho, ineta, and ^/rw-chlorophenyl 
carbamic acids were prepared and tested for their local anesthetic efficiency (ratio 
of potency to toxicity) and for irritation. Most of these compounds proved to be too 
irritating for clinical use but a few were sufficiently low in irritating properties to 
warrant further investigation. 


GREATEST NUMBER of local anesthetics 
introduced for use by the medical and dental 
professions are esters of benzoic or substituted 
benzoic acids. Nevertheless, the property of 
producing local anesthesia is not limited to this 
type of structure, but is found in amides, amino- 
alcohol ethers, esters, and a wide variety of or- 
ganic compounds. 

Several of the esters of phenylcarbamic acids 
have been prepared and their anesthetic action 
noted (1-19). It was of interest to us to prepare 
the N-substituted aminoethyl and aminoisopro- 
pyl esters of the tlmee isomeric chlorophenyl car- 


bamates and to screen them for their relative an- 
esthetic efficiency (ratio of relative potency to 
relative toxicity). 

Table I lists the melting points of the anesthetic 
bases together with the melting points, analy- 
ses, and molecular weight determinations of the 
hydroehloride salts. Table II lists the relative 
toxicities, potencies, irritation, and efficiencies of 
these compounds. 

EXPERIMENTAL 

The general method of synthesis was the n ell- 
known one of reacting an isocyanate with an active 


Table I — N-Substitutbd Aminoalkyl Esters of Chlorophenyl Carbamic Acid 



1 

0 

Diinethylamino 

Oil 

166-168 

2 

0 

Dietliylammo 

Oil 

160-163 

3 

0 

Morpholino 

73-75 

193-196 

4 

0 

Di-isopropylamino 

Oil 

136-141 

5 

0 

Dibutylamino 

Oil 

138-145 

6 

m 

Dimethylamino 

74-77 

169-171 

7 

m 

Diethylamino 

Oil 

140-144 

8 

m 

Morpholino 

119-121 

222-224 

9 

1)} 

D i-isopropy lamino 

Oil 

164-167 

10 

in 

Dibutvlamino 

Oil 

168-173 

11 

P 

Dimethylamino 

56-58 

173-176 

12 

P 

Diethylamino 

Oil 

175-177 

13 

P 

Morpholino 

166-169 

229-230 

14 

P 

Di-isopropylamino 

Oil 

181-183 

15 

P 

Dibutylamino 

Oil 

160-161 


CiiHieOoNiCls 

12 

70 

12 64 

279 

274 

CuHooO.N.Cls 

11 

55 

11 49 

307 

305 

CijHisOjNbCb 

11 

04 

10 91 

321 

319 

CisHjiOiN-Cb 

10 

58 

10 44 

335 

331 

CnH^sO.NiCb 

9 

76 

9 58 

363 

359 

CiiHieOzN.Cl. 

12 

70 

12 49 

279 

273 

CnHioOaNiCb 

11 

55 

11 38 

307 

305 

CisHisOaNjCls 

11 

04 

10 97 

321 

320 

Cl6H2,O.N:Cl2 

10 

58 

10 42 

.335 

332 

CnH^sO.NjCb 

9 

76 

9 98 

363 

366 

C.iHieOiNjCb 

12 

70 

12 89 

279 

280 

CijHioOiN.Cli 

11 

55 

11 29 

307 

306 

CisHisOsNjCb 

11 

04 

10 89 

321 

318 

CisHjiOsN-Cb 

10 

58 

10 43 

335 

331 

CnHjsOsNjCb 

9 

76 

9 91 

363 

364 


16 0 Diinethylamino 

17 p Diinethylamino 


(6) KH— COOCH— CH.R 

^ CH3 

Cl 


Oil 179-182 Ci.H.sO.NiCl. 12 10 

124-126 189-191 Ci5H,sO..N:CU 12 10 



11 99 293 292 
11 98 293 290 


* RccciNCtl SeplembcT 23, 1^')7 from the Re«:eTrch Rabora- 
loncs of the Ko\ocol ChemicU Mfg Co, Inc, BrooUjn, 

\Vc are tiulcbtcd to Ann IIirttiMn f<*r asbisi mcc tn llic 
pli inn icoloRical ttslinjr of these compounds 


hydrogen, in this case the hydrogen bonded to the 
o\>gcn atom of the aminoalcohol. The chloro- 
phenyl isocyan.ilcs react nith the aminoalcohols in 
an inert soK cut such as benzene to fonn the carba- 
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Table II. — Pharmacology of N-Substituted Aminoalkyl Esters of Chlorophenyl Carbamic Acids 


-Relative Potency 

Guinea Pig Relative Toxicity 




Guinea 

— Sciatic Nerved — ' 

White Alouse^ 

Rabbit 



Relative 


Rabbit 

Pig 

No 

With 

Intraper- 

Subcu- 

Intra- 

/ Irritation ' 

Effi- 

No. 

Eyefl 

Wheal 

Epin 

Epin 

itoneal 

taneous 

venous 

Eye 

Skin 

ciency^ 

1 

0 5 

0 2 

1 7 

1 2 

1 1 

0 9 

3 

0 

0 

0 1 

2 

0 3 

3 7 

5 

1 1 

1 5 

2 

>4 

0 

0 

2.5 

3 

0 3 

0 08 

0 3 

0 8 

0 8 

0 8 

0.7 

+ + 

4- 

0.1 

4 

1 

1 1 

2 

3 

3 

2 

>4 

0 

4- 

0 4 

5 

2 

2 4 

1 5 

4 

0 5 

0 5 

>4 

-l--f 

4- 

4.8 

6 

e 

0 9 

1 6 

2 

0 7 

0 8 

0 8 

-h-f- 

4- 

1.3 

1 

1 

1 5 

1 4 

2 

1 1 

2 

>4 

-1-4- 

4- 

1.4 

8 

0 2 

0 5 

1 0 

0 5 

0 0 

0 6 

<0 6 

4- 

4- 

1.0 

9 

1 

1 5 

3 

4 

1 5 

3 

>4 

4- 

4- 

1.0 

10 

2 

4 1 

1 5 

3 

0 9 

0 5 


-j- 

4- 

4.5 

11 

c 

0 6 

0 9 

1 7 

1 6 

3 


4--1- 

4-4- 

0 4 

12 

0 2 

2 1 

1 3 

1 7 

0 9 

1 0 

1 6 

4- 

0 

2 3 

13 

0 2 

0 2 

0 3 

<0 1 

0 5 

0 7 

0 7 

0 

-f- 

0 4 

14 

0 3 

0 4 

2 

1 1 

0 6 

1 0 

1 3 

0 

0 

0.7 

15 

4 

2 4 

d 

d 

d 

d 

d 

0' 

d 


16 

1 

1 1 

4 

3 

0 8 

0.8 

1 1 

4- 

+ 

1.4 

17 

e 

1 1 

1 7 

0 8 

0 7 

0.9 


4-4- 

4-4- 

1.6 


° Cocaine equals 1 ^ Procaine equals 1 « Too irritating for test Too insoluble for test- * No apparent irri- 

tation at 0 2% 


mates in good jdeld. Several of tlie hydrochlorides 
were insoluble in water and were isolated by adding 
dilute hydrochloric acid to the benzene reaction mix- 
ture and filtering. The anesthetic compounds were 
purified by recrystallization of the hydrochloride 
salts from isopropyl alcohol. 

The ortho, meta, and pnra-chlorophenyl isocyan- 
ates were commercially available. The amino- 
alcohols, also commercially available, were carefully 
fractionated before use 

Diethylaminoethyl Ester of in-Chlorophenyl Car- 
bamic Acid. — To a solution of 16.9 Gm. (0.11 mole) 
«i-chlorophenyl isocyanate in SO ml. of dry benzene 
was added 11.7 Gm. (0.1 mole) of diethylamino- 
ethanol dissolved in 50 ml. of drj' benzene. The 
mixture was allowed to stand at room temperature 
for twenty-four hours and then heated to the 
boiling point. After cooling to room temperature, 
the mixture was filtered and the filtrate extracted 
with two 250-ml. portions of 15% hydrochloric acid. 
The acid extract was made alkaline with excess con- 
centrated ammonium hydroxide. The anesthetic 
base was extracted with two 200-ml. portions of 
ether, dried over anh\-drous sodium sulfate, and 
bone-charred. The ether solution was acidified 
with anhydrous hydrochloric acid. The precipitate 
on recry^stallization from 99% isoprop 3 'l alcohol 
jdelded 29.3 Gm. (96% of theorjJ diethydamino- 
ethj'l ester of ra-chlorophenjd carbamic acid, as 
white cry-stals, m. p. 140-142°. 

PHARMACOLOGY 

The anesthetic potency of these compounds was 
determined bj' three methods: topical application 
to the rabbit cornea; blocking the sciatic nerve of 
the intact guinea pig; and by wheal tests on the 
back of the guinea pig. The toxicitj- of these cora- 
poimds was determined subcutaneously- and intra- 
peritoneally' on white mice and intravenously- on 
rabbits. 

Topical Anesthetic Potency. — ^This method, orig- 
inated by- Roller and described by- Hirschfelder and 
Bieter (20), was modified as follows: 0.25 ml. of 


solution was instilled into the conjunctiv-al sac of the 
rabbit’s eye and the lower lid was slightly raised to 
allow the solution to bathe the cornea of the ey-e for 
thirty- seconds. The presence of anesthesia ivas 
determined by the absence of the yvink reflex when 
the cornea of the eye was stimulated by- a long hair 
obtained from the rabbit’s maxilla. The relative 
topical anesthetic potency was determined by extrap- 
olating results at different concentrations to the 
concentration yvhich would give a duration of local 
anesthesia equal to a 1% cocaine hydrochloride 
solution. 

Conductive Anesthetic Potency. — This method, 
originally introduced by- Shackell (21), involves 
blocking the sciatic nerve in the guinea pig under 
conditions not too different from those in clinical 
practice. Two-tenths of a ml. of solution was in- 
jected into the bony- furroyv between the tro- 
chanter of the femur and the vertebral column where 
the sciatic nerve emerges from the spinal column. 
The loss of sensation at the calf of the leg was de- 
termined by- pinching lightly- with a tweezer. The 
relative potency yvas determined by- extrapolating 
the concentration which gave anesthesia for the 
same duration as one per cent procaine solution. 
This was repeated, using solutions containing 1 : 100,- 
000 epinephrine. 

Infiltration Anesthetic Potency. — -The method 
used consisted of raising yvheals on the guinea pig 
back yvith 0.1 ml. of different concentrations of the 
compound, waiting fifteen minutes, and then deter- 
mining the presence or absence of anesthesia by 
touching the center of the wheal with the point of a 
needle. The relative potency- was determined by- 
comparing the lowest concentration of the anesthetic 
that will produce anesthesia 50% of the time on the 
guinea pig and comparing this value to that ob- 
tained with procaine hy-drochloride. 

Subcutaneous Toxicity on White Mice. — ^The 
relative subcutaneous toxicity of each compound 
was determined by comparing the LD50 with that 
obtained for procaine hy-drochloride. The tests 
were run at three critical dose levels, with three 
animals at each level, using a minimum of nine 
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animals per compound. The critical dose is one 
near or at the LD 50 . The numerical value of the 
LDso was calculated by the method of summation 
of the animals living and dying at each dose level 
and determining the point where the two curves 
would cross (22, 23). White male Swiss mice of 
approximately 15 Gm. in weight were carefully 
injected subcutaneously with a 27 gauge needle 
over the abdominal area with a 2-4% solution of the 
compound. If no wheal formed or if leakage was 
observed during or just after the injection, the re- 
sults of that test were discarded. Toxic symptoms 
developed in a few minutes and lasted up to several 
hours. The animals were observed for a twenty- 
four hour period and those animals alive and appear- 
ing normal were considered to have survived the 
test. 

Intraperitoneal Toxicity on White Mice. — The 
relative intraperitoneal toxicities were determined 
by comparing the LDso of these compounds with that 
of procaine hydrochloride in the same manner as 
for the subcutaneous injection. Toxic sjmptoms 
developed sooner and lasted for a shorter time than 
with the subcutaneous injection. The same number 
of animals and dose levels were used as for the deter- 
mination of the subcutaneous toxicity. 

Intravenous Toxicity on Rabbits. — ^The relative 
intravenous toxicity on rabbits was determined for 
the most part only on those compounds which were 
not too irritating. A minimum of four rabbits per 
compound was used in this determination. The 
intravenous dose was diluted with normal saline 
solution to a volume equal to 2 ml. per Kg. of body 
weight and injected over a period of one minute into 
the marginal ear vein of the rabbit. Toxic symp- 
toms usually developed immediately after the injec- 
tion was completed. Those animals alive after 
twentj’-four hours were considered to have survived. 

Irritation Test on the Rabbit Eye. — The eye of the 
rabbit was closely examined for evidence of irrita- 
tion, one hour and twenty-four hours after instilla- 
tion of a 1% solution of the compound. The re- 
sults are recorded in Table II as follows: (a) Little 
or no irritation: 0, no or slight hyperemia of the 
conjunctiva. (6) Moderate irritation: -f-, moderate 
hyperemia of the conjunctiva with the ej'elids re- 
maining open and no exudate present, (c) Severe 
irritation: -h-l-, severe hyperemia of the conjunc- 
tiva with the eyelids closed with or without the 
presence of exudate. 

Tr 3 q)an Blue Irritation Test. — All of the com- 
pounds were tested for irritation on the rabbit skin. 
A minimum of two rabbits were used for each com- 
pound. The method consisted of raising a wheal 
on the abdomen of the rabbit and subsequently 
injecting a trypan blue solution intravenously in 
the ear. The method is essentially that of Weath- 
erby (24). The results were recorded in Table II, 
using the same classification as for the comeal irrita- 
tion test. 

Relative Anesthetic Efficiencies. — Relative an- 
esthetic efficiencies were determined by dividing 
the relative potency, as determined via the guinea 
pig wheal test, by the relative intraperitoneal tox- 
icitics on white mice. The guinea pig wheal test 
for anesthetic potency of commercially used anes- 
thetics gives a close correlation to clinical findings. 
The relative toxicity obtained with intraperitoneal 
injection on white mice was used, sinee it represents 


a value between that of the intravenous toxicity, 
where the drug is absorbed rapidly; and that of the 
subcutaneous toxicity, where the drug is absorbed 
slowly. 


DISCUSSION AND SUMMARY 

Seventeen N-substituted aminoalkyl esters of 
chlorophenyl carbamic acid were prepared and 
tested pharmacologically. The relative potency, 
toxicity, irritation, and anesthetic efficiency were 
determined. The greater number of this group 
of compounds were irritating. The toxicities 
were in the same order of magnitude as other 
commonly used anesthetics. 

The following general correlation between 
molecular structure and anesthetic efficiency can 
be made. 

1. The diethyl and dibutyl aminoethyl esters 
are more efficient than the dimethyl, diisopropyl, 
and morpholino aminoethyl esters. 

2. N-Substituted aminoisopropyl esters are 
more efficient than the corresponding N-substi- 
tuted aminoethyl esters. 

3. The position of the chlorine atom on the 
benzene ring does not impart any clear cut dif- 
ferences in effectiveness of the compound. 

Several of the more promising anesthetic com- 
pounds are being tested clinically. 
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Determination of the Minimal Carcinogenic Dose^^ 
of Methylcholanthrene on Mouse Epidermis* 

By RONALD F. GAUTIERI and DAVID E. MANN, Jr. 


The minimal carcinogenic doseso (MCDbo) of methylcholanthrene necessary to in- 
duce squamous cell carcinomas on the epidermis of CF-1 mice was found to be 504 
micrograms applied through 21 biweekly applications of 0.02 milliliter of a 0.12 
per cent solution of methylcholanthrene. The MCDso was confirmed by a second 
experiment which yielded similar results. 


Qince Tannenbaum and Silverslone (1) have 
conclusively demonstrated that the effect of 
an inhibitory procedure on tumor incidence with 
moderate doses of a carcinogen was obliterated 
by massive doses of the same agent, it becomes 
imperative to define the minimal dose of a car- 
cinogen that is necessary to induce growths in a 
given percentage of animals in a definite time 
interval. Methylcholanthrene has been shown 
to be both consistent and potent in its ability to 
produce epidermal tumors when painted on the 
backs of mice (2, 3, 4). Similarly, this agent is 
valuable, when used as the strong carcinogen, in 
studying additive and inhibitory effects in con- 
junction with weaker carcinogens (2, 3, 4). If a 
satisfactory standardized dose/response relation- 
ship could be established for this agent, experi- 
mental procedures involving the inhibition or the 
enhancement of tumor growth would be more 
clearly evaluated with a better understanding of 
the mechanisms underlying the cancerization 
process. 

Cramer and Stowell (5) have devised a tech- 
nique that involves a quantitative estimation of 
the amount of methylcholanthrene painted on the 
interscapular region of mice with each stroke of 
a number 4 camel’s hair brush. Berenblum and 
Schoental (6) have stated that if this carcinogen 
is applied for a considerable length of time and 
the effective concentration on the epidermis is 
sufficient, methylcholanthrene will induce can- 
cers in 100 per cent of the mice exposed to it. The 
injectable tumor doseso of methylcholanthrene 
has been found to be 0.021 mg. by Bryan and 
Shimkin (7). Berenblum (8) has estimated that 
the topical tumor doses of various carcinogens 
appear to be approximately 50 times greater than 
the corresponding injectable doses. 


* Received May 3, 1957, from Temple University, School 
of Pharmacy, Philadelphia, Pa. 

Abstracted from a thesis presented to the Graduate School 
of Temple University, School of Pharmacy, by Ronald F. 
Gautieri in partial fulfillment of the requirements for the 
degree of blaster of Science. 

Presented to the Scientific Section, 4th Pan-American Con- 
gress of Pharmacy and Biochemistry, Washington, D. C., 
November, 1957. 


It is the purpose of this paper to define a MCDbo 
for methylcholanthrene on mouse epidermis, uti- 
lizing various concentrations of this carcinogen 
and employing newer techniques for the con- 
trolled administration to the sheared, interscapu- 
lar region of albino mice. 

MATERIALS AND METHODS 

The experimental plan was conducted in two 
separate parts for the purpose of evaluating the 
effectiveness and the reproducibility of the proce- 
dures in producing dose/response relationships that 
arc relatively constant with the concomitant veri- 
fication of the MCDm. 

In part I, 120 CF-1 albino mice (00 males and 60 
females), were divided into 12 groups of equal sex; 
in part 11, 90 CF-1 albino mice (45 males and 45 
females), were divided into 9 groups of equal sex. 
Each group was labeled according to the concen- 
tration of methylcholanthrene which subsequently 
was to be applied to it. Each mouse approximately 
twelve weeks old, was placed in an individual metal 
cage constructed with a wire mesh front and bot- 
tom. Excreta pans were arranged to permit copro- 
phagy to take place. The diet consisted of Purina 
Laboratory Chow and tap water, both given ad libi- 
Itim. Food was placed in ample amounts on the 
floor of each cage and water ivas obtained through a 
glass drinking tube that was attached to a six-ounce 
bottle. The diet was supplemented once a week 
with lettuce and carrots for two successive weeks, 
followed by another two-week interval in which the 
supplement consisted of bread soaked in milk mixed 
with 2 ml. per quart of Vi-Penta drops. 

Care was taken to eliminate all drafts and the 
temperature was maintained at 25° throughout the 
experiment. The cages were rotated before a win- 
dow to standardize the amount of visible light to 
which the mice were exposed. This was done to 
conform with the observation of Morton, et al. (9), 
that light can influence tumor growth. 

Two hundred and fifty milliliters of a 0.15% 
stock solution of methylcholanthrene in acetone 
were prepared. Aliquot portions of this stock 
solution were measured with syringe-adapted 
transfer pipets and added to the proper amount of 
acetone to make 30 ml. of solution ranging in con- 
centration from 0.04 to 0.15% in increments of 
0.01%. All measurements were made at room 
temperature. 

In order to facilitate the handling of the methyl- 
cholanthrene solutions, ampuls were made and 
stored in a refrigerator at 0-5° until used. 
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For a quantitative study of the amount of car- 
cinogen necessarj^ to induce tumors a more exact 
method of application than the method of Cramer 
and Stowell (5) is required. In this experiment, 
micro-pipets, with a capacity of 0.2 ml., were em- 
ployed. With these pipets, 0.02 ml. could be pre- 
cisely measured and applied to the interscapular 
region. 

EXPERIMENTAL 

Heavy Neoprene gloves were used to protect the 
hands while handling the mice and apparatus. 
The mice were always grasped by the tail with long 
forceps and transferred to the left hand and held 
at the base of the tail by the thumb and index 
finger. In this position they were then placed 
under the micro-pipet for application of the car- 
cinogen to the interscapular space. 

Each mouse received 0.02 ml. of its designated 
concentration of methylcholanthrene solution twice 
a week applied to the interscapular region, which 
was first sheared with an electric clipper and then 
once each following week with sharp barber scissors. 

Upon the appearance of the first growth, each 
animal was then carefully examined four times a 
week with a model 701-A Stanley magnifjdng glass. 
At the termination of both parts of the experiment, 
all tumors were draivn and recorded on special data 
sheets that gave all of the necessary information 
concerning each mouse that showed evidence of 
tumor inducement. Also, several mice with typical 
growths were chloroformed and the tumors excised 
and immersed in Bouin’s fixative for histological 
examination. 

At the termination of both phases of the experi- 
ment all pertinent data were assembled and placed 
in four tables. Only those tumors which measured 
at least one dimension (width versus height) of 1 mm. 
or greater were recorded. Growths which did not 
conform to this criterion were extremely difficult 
to identify as epitheliomas. Table I (Part I) and 
Table III (Part II) show the chronological induction 
time and the quantity in micrograms of methyl- 
cholanthrene applied to the mice through the exact 
day on which a tumor was recorded according to 
the above-mentioned specifications. Table II (Part 
I) and Table IV (Part II) contain the complete 
data with respect to the separate groups at the ter- 
mination of each phase of the experiment and relate 


Table I. — Microgram Quantities of Methyl- 
cholanthrene Applied Until Onset of Tumors 


No. of 
Mice 

Sex 

Conen., 

% 

M.C.A. 

No. of 
Applica- 
tions 

Total 

Admin., 

meg. 

Induc- 

tion 

Time. 

Days 

90 

F 

0.12 

14 

336 

49 

96 

F 

0.13 

16 

416 

55 

119 

F 

0.15 

16 

480 

65 

118 

F 

0.15 

17 

510 

58 

51 

M 

0.09 

18 

324 

62 

70 

F 

0.10 

18 

360 

62 

74 

M 

0.11 

18 

396 

62 

88 

F 

0.12 

18 

432 

62 

109 

F 

0.14 

IS 

504 

62 

102 

M 

0.14 

18 

504 

63 

100 

F 

0.13 

19 

494 

64 

84 

M 

0.12 

19 

456 

65 

106 

F 

0.14 

19 

532 

65 

46 

F 

0.08 

20 

320 

69 

79 

F 

0.11 

20 

440 

69 

83 

M 

0.12 

20 

480 

69 

86 

F 

0.12 

20 

480 

69 

93 

M 

0.13 

20 

520 

69 

99 

F 

0.13 

20 

520 

69 

110 

F 

0.14 

20 

560 

69 

2 

M 

0.04 

21 

168 

72 

19 

F 

0.05 

21 

210 

72 

31 

M 

0.07 

21 

294 

72 

36 

F 

0.07 

21 

294 

72 

87 

F 

0.12 

21 

504 

72 

89 

F 

0.12 

21 

604 

72 

117 

F 

0.15 

21 

630 

72 


the total quantity of methylcholanthrene admin- 
istered in meg. with tumor incidence per group 
during the 10-week duration of each phase of the 
experiment. 

Epilation was noticed in most animals beginning 
about four to five days after the first application of 
all of the various solutions of methylcholanthrene. 
The epilation became more and more pronounced 
for about 18 days, at which time many of the ani- 
mals showed evidence of practically complete 
epilation of the interscapular region and its vicinity 
to which the carcinogen had spread by capillarity. 
For the ne.\-t few days, this nearlj' complete epila- 
tion persisted and was then followed by another 
period during which there occurred slight stimula- 
tion of hair growth for one week. The mice which 
exhibited marked epilation then underwent a re- 
surgence of hair growth which left these animals with 


Table II. — Incidence of Tumor Induction with Biweekly Applications of "Various Concentrations 
OF Methylcholanthrene to Mice for 10.4 Weeks 


Conen of 
Metbylchol., 

% 

Total Admin., 

Effective 

Total. 

No, Tumors/ 

Incidence 
of Tumors, 


meg. 

Mice/Group 

Group 

%/Group 

M 

0.04 

108 

10 

1 

10.0 

1 

0.05 

210 

8 

1 

12.5 


0.06 

252 

10 

0 

0.0 


0.07 

294 

10 

2 

20.0 

1 

0.08 

336 

8 

1 

12.5 


0.09 

378 

7 

1 

14.3 

1 

0.10 

420 

8 

1 

12.5 


0.11 

462 

10 

2 

20.0 

1 

0.12 

504 

9 

7 

77.8 

2 

0.13 

546 

10 

4 

40.0 

1 

0.14 

588 

9 

4 

44.4 

1 

0.15 

630 

9 

3 

33.3 



352 


Journal of the Aiierican Pharmaceutical Association Vol. XLVII, No. 5 


Table III. — Microgram Quantities of Methyl- 

CHOLANTHRENE APPLIED UNTIL ONSET OF TuMORS 


Induc- 

Concn., No. of Total tion 
No. of % Applica- Admin., Time, 


Mice 

Sex 

M.C.A. 

tions 

meg. 

I>ays 

81 

M 

0.12 

15 

360 

53 

117 

F 

0.15 

15 

450 

53 

88 

F 

0.12 

15 

360 

54 

43 

M 

0.08 

17 

272 

58 

110 

F 

0.14 

17 

476 

60 

105 

M 

0.14 

18 

504 

63 

90 

F 

0.12 

19 

456 

64 

65 

M 

0.10 

19 

380 

67 

79 

F 

0.11 

19 

418 

67 

86 

F 

0.12 

19 

456 

67 

101 

M 

0.14 

19 

532 

67 

114 

M 

0.15 

19 

570 

67 

113 

M 

0.15 

20 

600 

69 

36 

F 

0.07 

21 

294 

72 

40 

F 

0.07 

21 

294 

72 

61 

M 

0.10 

21 

420 

72 

78 

F 

0.11 

21 

462 

72 

85 

M 

0.12 

21 

504 

72 

87 

F 

0.12 

21 

504 

72 


Histopathological examination of several tj'pical 
tumors revealed that these growths were true can- 
cers of the type that are produced on the epidermis 
by methylcholanthrene, viz., squamous cell carcin- 
omas. 

DISCUSSION 

As shown in Tables II and IV, the results were 
similar in each phase (Part I and Part II) of the 
experiment. At the termination of each phase, 
the animals which received biweekly applications 
(on Tuesdays and Thursdays) of a 0.12% solution 
of methylcholanthrene in acetone gave evidence of at 
least 50% careinogenesis. Each member of this 
group received a total of 504 meg. of methylcholan- 
threne, Therefore, this total dose administered 
through 21 applications of 0.02 ml. of a 0.12% 
methylcholanthrene/acetone solution may be desig- 
nated the MCDso necessary to induce tumors on the 
epidermis of CF-1 mice. The tumors so induced 
measured at least one dimension (width versus 
height) of 1 mm. or greater. 

The minimal carcinogenic doseso appears to be the 


Table IV. — Incidence of Tumor Induction with Biiveekly Applications of Various Concentrations 
OF Methylcholanthrene to Mice for 10.4 Weeks 


Conen of 


Effective 


Incidence 



% 

meg. 

Mice/Group 

Group 

%/Group 

M 

F 

0.07 

294 

10 

2 

20.0 


2 

0.08 

336 

10 

1 

10.0 

1 


0.09 

378 

10 

0 

0.0 



0.10 

420 

10 

2 

20.0 

2 


0.11 

462 

10 

2 

20.0 


2 

0.12 

504 

10 

6 

60.0 

2 

4 

0.13 

546 

9 

0 

0.0 



0.14 

588 

10 

3 

30.0 

2 

1 

0.15 

630 

10 

3 

30.0 

2 

1 


longer hair in the interscapular region than on any 
other area of their bodies. 

Nine daj’s after the first application of the re- 
spective solutions of meth 3 dcholanthrene, slight 
vasodilation of subcutaneous blood vessels was 
observed with the naked ej'e. This phenomenon 
persisted in most animals throughout the experi- 
ment, while some of the mice had small subcuta- 
neous hemorrhages that often broke the surface of the 
epidermis. 

Of the 210 animals emploj'ed in both phases of the 
experiment, only 19 died. Fourteen males and five 
females succumbed due to causes other than those 
of the experiment. The mice that died showed no 
signs of injured epidermis or hemorrhage in the inter- 
scapular region. The animals that died became 
progressively sicker and succumbed within a five to 
nine-day period. Only one mouse died after the 
appearance of a tumor. 

Among the 42 control animals (21 males and 21 
females), seven deaths were recorded, all of them 
males. At no time did a spontaneous tumor appear 
in anj' of the control animals. Also, by breeding 
sev'eral members from the control group, it was pos- 
sible to check the appearance of spontaneous growths 
in the progeny. Through many successive genera- 
tions there was no evidence of such spontaneity. 


optimal dose for tumor formation since both larger 
and smaller doses within the range of this experi- 
ment exerted a delay in the onset of carcinogenesis. 
It is extremely difficult to present an adequate ex- 
planation of this phenomenon since a paucity of 
fundamental knowledge regarding the intracellular 
action of methjdcholanthrene exists in the litera- 
ture. One might hypothesize in view of these re- 
sults that a threshold exists for a maximal carcino- 
genic response. Doses which fail to attain this 
threshold perhaps are unable to cause an interaction 
with the intracellular receptors, a condition which 
may trigger off the transformation to malignancy. 
On the other hand, doses which surpass the thresh- 
old may inactivate the receptors by being present 
in greater amounts, thereby retarding the cancer- 
ization process. 

The procedure outlined herein has been shown to 
yield results that are both constant and repro- 
ducible. This technique may be employed in future 
studies to determine various dose/response relation- 
ships for all of the other hydrocarbon carcinogens, 
with the possible clarification of some of the basic 
principles which concern the cancerization process. 

There were 29 females and 17 males which de- 
veloped measurable tumors during the course of the 
entire experiment. Therefore, it appears that 
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aiethylcholanthrene causes a liigher tumor ii^idcncc 
In female mice under these conditions. Females 
may respond more readily due to the higher mitotic 
activity and thickness of the epidermis m the an- 
terior dorsal region just prior to estrus (10) . 

The epilation and subcutaneous vasodilation 
caused by methylcholanthrene are in accord with 
the findings of Cramer and Stowcll (5). The 
resurgence of hair growth in most animals is prob- 
ably the stage in which hypertrophy and hyper- 
plasia of the epidermal tissues occur. This, there- 
fore, may be regarded as the period during which 
there is a transformation from the normal stage to 
one of malignancy, later developing into squamous 
cell carcinoma. 
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Polyphosphoric Acid in the 
Bischler-Napieralski Reaction* 

By JOSEPH G. CANNONf and GEORGE L. WEBSTERj 

The use of polyphosphoric acid in syntheses of 1-substituted 3,4-dihydroisoquino- 
lines from N-acyl phenethylamines has been investigated, and a method of synthesis 
resulting in greatly improved yields has been developed. Two new heterocyclic 
bases have been prepared, and several previously unreported derivatives have been 
listed. A heterocyclic base not previously prepared from an N-acyl phenethylamine 

has been synthesized. 


T he utility of polyphosphoric acid as a dehy- 
drating agent and as a cyclizing agent has 
been demonstrated repeatedly in the recent liter- 
ature. The apparent versatility of this reagent 
suggested its use as the cyclizing agent for N- 
acyl phenethylamines in Bischler-Napieralski 
sjmtheses of 1-substituted 3,4-dihydroisoquino- 
lines. Leonard and Boyer (1) prepared 1- 
methyl-3,4-dihydroisoquinoline in 20% yield 
from N-(/3-phenethyl) cy'anoacetamide, using a 
commercial polyphosphoric acid in the ratio of 
five grams to one gram of the amide. Snyder 
and Werber (2) cyclized acetyl phenethylamine 
by heating it with ten times its weight of a com- 
mercial polyqihosphoric acid; they obtained a 
23% yield of 1-methyl 3,4-dihydroisoquinoline. 
These workers similarly prepared 3,4-dihydroiso- 
quinoline in 31% yield. Pratt, Rice, and 
Luckenbaugh (3) reported a 79% yield of crude 
3,4-dihydroisoquinoline in a poljThosphoric acid 
condensation of N-formyl phenethylamine. 
Murakoshi (4) prepared l-benzyl-3,4-dih3'dro- 
isoquinoline in 20% yield by treating N-phenyl- 
acetj’l phenethylamine with a mixture of phos- 
phorus oxychloride and extemporaneously pre- 


* Received July 1, 1957, from the School of Pharmacy, 
University of Wisconsin, Madison. 

t Division of Pharmaceutical Chemistry, School of Phar- 
macy, University of Wisconsin. 

t Department of Chemistry, College of Pharmacy, Uni- 
versity of Illinois. 


pared poljThosphoric acid. Hey and Lobo (5) 
obtained a 39% yield of l-benzyl-3,4-dihydroiso- 
quinoline on refluxing N-phenylacetyl phenethy- 
lamine with poljThosphoric acid in xylene solu- 
tion. 

Literature reports concerning the general ap- 
plicability of polyphosphoric acid to Bischler- 
Napieralski cyclizations of N-aejd phenethjd- 
amines are incomplete; therefore, a study was 
undertaken to evaluate the use of the reagent in 
the preparation of a series of 1-substituted 3,4- 
dihydroisoquinolines. In all reactions reported 
here, freshly prepared polyphosphoric acid was 
used in the ratio of 330 grams per 0.1 mole of 
amide; this was roughly equivalent to 10 to 15 
grams of polyphosphoric acid per gram of the 
amide. Yields of 3,4-dihydroisoquinolines were 
in every instance where comparison was possible' 
superior to those reported previously in the litera- 
ture. 

1-Isopropjd- and l-isobutyl-3,4-dihydroiso- 
quinoline have not been listed in the literature 
prior to this paper. In connection with other 
studies, a sample of l-isobutj4 isoquinoline was 
needed; this was also a new compound, and it 
was prepared bj' aromatization of the corre- 
sponding 3,4-dihydroisoquinoline. The identity 
of the aromatized compound was confirmed bj' 
comparison with a sample prepared bj' an en- 
tirelj’ different method (6). The methiodides of 
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all of the heterocyclic bases reported in this paper 
have not been previously listed in the literature 

EXPERIMENTAL 

N-Acyl Phenethylamines. — Several methods were 
employed, (a) Condensation of the acid chloride 
with an equimolecular quantity of phenethylamine 
in the presence of an equivalent portion of pyridine; 
(b) the Scliotten-Baumann Method, (c) refluxing 
the acid chloride vith an equimolecular quantity of 
the amine m benzene solution, (d) refluxing cqui- 
molecular amounts of the acid and the amine. See 
Table I 

Polyphosphoric Acid. — One hundred and sevent3'- 
five grams of phosphorus pentoxide uas weighed 
into a round-bottom flask, and to it was added in 
small amounts and with agitation 100 ml of 85% 
orthophosphoric acid The mixture was agitated 
for about one-half hour, until all solid matter had 
dissolved, it was then used immediately in the 
cyclization reactions 

3,4-Dihydroisoquinolines. — One tenth mole of the 
N-acyl phenethjdamme was added with thorough 


mixing to the freshly prepared polyphosphoric acid 
The resulting homogeneous mixture, protected by a 
calcium chloride drying tube, was heated in an oil 
bath for three hours at a bath temperature of 200- 
205° 

While still hot, the viscous dark liquid was poured 
over an excess of ice contained in a large round-bot- 
tom flask, and the reaction flask was rinsed with 
small portions of water, which were added to the 
ice-water mixture. A concentrated solution of 
sodium hydroxide was then added with agitation and 
eooling until the contents of the flask were strongly 
alkaline to litmus This mixture was then steam 
distilled, and the distillate was extracted three 
times with benzene The benzene extraets were 
combined and dried over anhydrous magnesium sul- 
fate, filtered, and the benzene was removed on a 
steam bath by use of a water aspirator. The dark 
residue was then distilled under reduced pressure. 
1-Phenyl- and l-benzyl-3,4-dihydroisoquinoline 
were not steam distilled ; rather, the basified reaction 
mixtures were extracted several times with benzene 
to separate the products See Table II. 

1-Isobutyl Isoquinoline. — Ten grams of 1-iso- 


Table I — Acyl Phenethylamines 





-CHj— CHj- 

11 

-N— C- 
H 

Method 

-R 



b p 






or 


Yield, 

of 



“R” 

m p < 

mm 

% 

Prepn 

Formula 

Analysis‘S 

H 

146-152 

0 8 

67 

d 



CH, 

128-136 

1 

55 

0 



C2H5 

150-155 

0 8 

65 




W-C3H7 

156-100 

0 8 

78 

a 



iso-CsHt 

80-81“ 


45 

a 

CisHijNO 

N Calcd . 7 34, 






Found, 7 15 

W-C4H9 

147-152 

0 15 

62 

a 



iso-CjHs 

57-59“ 


71 5 

n 

C.5H.9NO 

N Calcd , 6 82, 






Found, 6 79 

J1-C5Hi1 

154-156 

0 03 

40 

a 

CnH 2 .N 0 

N Calcd , 6 40, 


32-34“ 




Found, 6 58 

CeHs 

115-116'' 


90 

b 



Benzyl 

87-89“ 


75 

e 



Cyclohexyl 

97-98' 


39 

c 




^ Recrystallized from aqueous ethanol 
h Recrystallized from 95% ethanol 
^ Recrystallized from benzene 

^ Compounds for which an analysis is g^iven are those not previously reported in the literature Analyses for nitrogen by 
Drs Weiler and Strauss, Oxford, England 
« All melting points uncorrected 


Table II — 3,4-Dihydroisoquinolines 



R 


"R” 

b p 
or 

ra p “ 

mm 

Yield, 

% 

’■'d 

Formula 

Analysis^ 

Picrate 

Methiodide 

75-77 

173-175 

125-126 

1 

75 

1 5815 
(24°) 

C]oH]2NI 

N Calcd 5 1 
Found, 4 90 
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Table II — (coiiliniied) 


CHs 

70-7fi 

1 

82 

1 .5738 







(20°) 



Picrate 

Methiodide 

188-192 

200-202 




C„H„NI 

N Calcd , 4 88, 






Found, 4 70 

C-Hs 

79-8G 

1 

77 2 

1 5632 
(25°) 



Picrate 

Methiodide 

195-197 

113-115 




CrH.rNI 

N Calcd , 4 04, 






Found, 4 35 

n CsH, 

112-113 

1 

71 8 

1 5532 
(22°) 



Picrate 

Methiodide 

162-1 G5' 
132-134 




C.gH.sNI 

N Calcd , 4 44, 






Found, 4 29 

ISO CjH 

85-95 

1 5 

62 3 

1 5453 
(22°) 



Picrate 

171-172 




CisHisNiO? 

N Calcd , 13 95, 






Found, 13 90 

Methiodide 

202-205 




C„H„NI 

N Calcd , 4 44, 






Found, 4 33 

n-CiHg 

87-93 

0 15 

82 8 

1 5443 
(25°) 



Picrate 

149-150 






Methiodide 

112-113 




CuHooNI 

X Calcd , 4 2G, 







Found, 4 32 

ISO-CiHg 

69-72 

1 

68 

1 5448 

CuHitN 

N, Calcd , 7 48 




(20°) 


Found, 7 34 

HCl 

126-129 




CuH.sNCl 

Cl Calcd ,15 84, 







Found, 15 92 

Picrate 

150-153 




CigH^oN^O; 

N Calcd ,13 52, 







Found, 13 40 

Methiodide 

108-110 




C»H~oNI 

N Calcd , 4 26, 







Found, 4 08 

n CsH,,-' 

102-106 

0 15 

67 5 

1 5383 
(25°) 



Picrate 

111-112 






Methiodide 

70-71 




CisH-Ni 

N Calcd , 4 08, 
Found, 4 18 

Cj clohexj 1 

114-120 

0 15 

70 

1 5568 
(24°) 



Picrate 

169-170 






Methiodide 

181-183 




CltHn-NI 

X Calcd , 3 95, 
Found, 4 08 

CeHs 

128-138 

1 

79 

1 6295 
(25°) 



Picrate 

173-175 






Methiodide 

188-190 




CicHicNI 

N Calcd ,401, 
Found 3 81 

Benzj 1 

132-140 

0 01 

84 

1 6228 



(25°) 


Picrate 180-182 

Methiodide 205-207 Ci-HisN^I N Calcd , 3 87, 

Found, 3 83 

“ All melting points uncorrected 

t Compounds for which an analysis is gn en are those not pretiously reported in the literature Aualjses for nitrogen hv 
Clark Microanaly tical Laboratory Urbana III and Drs Weiler and Strauss Oxford England ** ^ 

r Spath Berger and Kuntara Ber 63, 134(1930) reported m p 173-174 

il Prepared by Broderick and Short J Chem Soc 19SI, 1343 from N 2 phenethyl benzamidiniiim chloride Srnthesis 
from the acyl phenethylamine not previously reported ^ 


but) 1-3,4 dili\ droisoqiiinoline y\as heated ayith an 
approNimateh equal yy eight of freshly prepared 
Ratiej nickel until the mixture began to boil It 
yyas then cooled, filtered, and the filter paper and its 
contents yyerc thoroughly yyashed yyith ether, yyhicli 
yyas added to the filtrate The ether yyas remoyed 
from the filtrate on a steam bath and the dark residue 
yyas distilled under reduced pressure, b p 129- 
131 ° (7 5 mm ) Yield, 3 24 Gm (32 8%) of a light 
j clloyy liquid that soon darkened, n-o 1 5539 


Picrate, recrj stalhzed from absolute ethanol, m p 
(uncorrected) 1G8-171 ° 


72! MswaYo) ^ ^ ^ > 

^iJl^jSnjder, H R and Werber, F X, tbtd , 72, 2902 

(3) Pratt r F Ricc R G , and Luckcnbauch R W 

ibid 79, 1212(1907) ^ '' 

(4) Murakoshi I J Pharm Soc Japnn 76, inOflQSrd 
^^(5) He> O H and Lobo I C Chem Soc 1954, 

J and Webster, G L, This Journal 46 
41b(19Df) ’ 



Vitamin B12 in the Presence of Vitamin Bi and 
Niacinamide in Aqueous Combinations* 


By ANA S. GAMBIER and ERWIN P. G. RAHN 

New facts about the physical and chemical stability of B-complex aqueous solutions 
containing vitamin Bi 2 are reported. Conditions concerning the preparation of 
such combinations are conclusively established. Limitations of artificial aging 

tests are given. 


Tn A RECENT PAPER (1) Several statements 
u ere made on the stability of vitamin Bu in 
the presence of other B complex components in 
aqueous solutions and, in addition to the problem 
of chemical stability, some physical changes were 
pointed out. Through further investigations 
it was possible to confirm more definitely the in- 
dispensable conditions to stabilize, chemically 
and physically, aqueous combinations of vita- 
mins Bi, Bi 2 and niacinamide 

COMMENTS 

Concentration. — Gunsberg, et at (2, 3), were the 
first to point out the importance of the relative 
concentrations of vitamin Bu and other compo 
nents They vorked with solutions uhich had a 
higher proportion betv een the vitamin Bj and vita- 
min Bu concentrations than 500 to 1, vhile Macek 
and Feller (4, 5) made their studies using such pro- 
portions 

Searches conducted to establish the limits of these 
proportions, previously considered by us to be ideal 
at 60 to 1 (1), led us to work u ith solutions contain- 
ing vitamin B, and vitamin Bu m proportions as 
high as 10,000 to 1 (Table I, solutions 1 to 8) 
We found that in proportions of 120 and 500 to 1 
the losses were negligible at room temperature after 
a short penod of time and after a three week ex- 
posure to 37° thej^ uere 12 2-15 4% and 23 8- 
26 7% respectively (Table I, solutions 3 and 5) 
For the proportions of 5,000 to 1 and 10,000 to 1 
■ne found losses of 70 1% and more than 95% after 
a three week exposure to 37° (Table I, solutions 7 
and 8) Thus, the higher the proportions the greater 
the inactivation of vitamin Bi» 

These results agree with those of Macek and 
Feller (4, 5) and Gunsberg, cl al (2, 3), and allowed 
us to conclude that considerably higher proportions 
than 120 to 1 between vitamin Bi and xitamin Bu 
are not recommended for aqueous combinations 
of xitamm Bi> with vitamin Bi m the presence of 
other B-comple\ components 

* Recei\ ed September 24 1957, from the Research De 
partment of Laborterdpica Bristol S A , Industria Quimica 
e Farmac^utica, C P 2240 Sao Paulo Brazil 

Sincere acknowledgment is made to Professor J I Lobo 
Director of the Research and Control Department of Labor- 
terapica Bristol S A , for permission to publish this in\esti- 
gation 

Presented to the Section of Manufacturing Pharmacj , 
Fourth Pan American Congress of Pharmacy and Biochem 
istrj , Washington, D C No\ 5 1957 

The microbiological assajs given in this paper were made 
in the laboratorj of the Biochemical Department College 
of Pharmacj , Uni\ ersitj of Sao Paulo Brazil by Miss Aurora 
Leal, Assistant to Professor Henrique Tastaldi, to whom the 
authors are gratefully indebted 


Purity of Components. — ^All raw materials must be 
of the highest purity Vitamin Bj, particularly, 
must be carefully tested "for parenteral use” as 
described in the experimental part By using two 
pure U S P Bi vitamins, purehased on the market 
from different sources and both being "for parenteral 
use” but one of them not speeifically retested just 
before processing, results as demonstrated by solu- 
tions number 4 and 6 compared to number 5 and 7 
(Table I) may occur 

pH Value. — Our previous experiences (1) and the 
observations of Macek and Feller (4, 5) seem to indi 
cate that the ideal range of pH is from 3 0 to 4 0. 
We obtained the best results at pH 3 3 

Product-Processing. — We sterilized the solutions 
by filtration through Chamberland L5 micro porous 
porcelain candles In addition to all the care pre- 
viously described (1), the individual filtration of 
each vitamin is very important and is essential for 
vitamin Bi and niacinamide 

“Liquid Volume to Air Volume” Ratio. — It was 
defined by us that fading of B eomplex solutions 
containing vitamin Bu is a neat characteristic of 
xitamm Bu inactivation, but its darkening, as a 
rule, does not prove the same thing (1) Only 
negligible differences w ere observed on physico- 
chemical (6) and microbiological (7) vitamin Bu 
assay results in a lot of two samples, one of which 
was darkened deeply and the other xvith slight 
physical changes Both samples xvere prepared 
from one solution and tested under the same con- 
ditions (Table I, solutions 1 and 3) . The darken 
ing, hoxvever, w as the greatest trouble w e had 

We observed a definite influence of the amount of 
air present ox'er the solutions in the ampuls on the 
phj'sical stability regarding discoloration Differ- 
ent ratios were used betxveen the liquid volume filled 
in the ampuls and the air volume (or air space) 
present in the sealed ampuls We found that the 
darkening of high concentrated B complex aqueous 
combinations containing vitamin B 12 increases in the 
presence of decreasing amounts of oxj gen (air) 
Actually, stable aqueous combinations of x'ltamin 
Bu and other B-complex components, from a phjsi- 
cal as w ell as chemical point of x lew , xvere possible 
only xvhen a "liquid volume to air volume” ratio of 
1 73 to 1 00 in the ampuls was observed (Table I, 
solutions I to 5) 

In the course of our xvork, in order to emphasize 
the above mentioned points, we had the opportumtj 
of proving again, by parallel microbiological assays, 
the apphcabihtj^ of Marsh and Kuzel’s vitamin Bu 
assay method (6) in stability studies of aqueous 
combinations of \ itamin Bu and other lonizable com- 
ponents (Table I, solutions 1 and 3) Limitations 
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are given by the concentration of vitamin B 12 and 
the other components. This is the reason why we 
used the microbiological assay method (7) in the 
more diluted and disproportionated solutions (Table 
I, solutions 5 to 8). 

On the other hand, the artificial aging test condi- 
tions must be carefully chosen. When aqueous com- 
binations of vitamin Bi, Be, and B 12 are maintained 
at 45° for three weeks, they suffer similar losses such 
as those aged for 12 m r.t.* For the artificial 

1 m r t = months at room temperature 


aging tests of vitamin B,, vitamin Bj- and niacin- 
amide aqueous combinations, ue consider that the 
best temperature range is betueen 37° and 40°. 
We used 37° and suppose that a three-week ex- 
posure gives results comparable uith those to be 
expected after 12 m.r t. (Table I, solution 3 after 
three weeks 37° and after 3, 6, and 9 m.rt ). The 
presence of niacinamide in these solutions acceler- 
ates the vitamin Bi decomposition and the resultuig 
product (the thiazole moiety (1,5)) promotes the 
decomposition of vitamin B 12 This vitamin B 12 


Table I. — B-Complex Solutions Containing ViTAraN Bu at pH 3 3 



Vit Bi 








Liquid 







Niacin- 

Vit 



to Air 

Phj si- 

Soln 

Vit Bii 

Components —*■ 

Vit Bi. 

Vit Bfi, 

amide. 

Br, 

Loss, 


Volume 

cal 

No 

proportion 

Quantities per cc — ► 

mg 

mg 

mg 

meg 

% 


Ratio 

Changes 

1 

120 1 

Theoretical content 

GO 

27 5 









Initial assaj- 

After 6 m r t “ and then sub- 


27 5 


oil* 







mitted to 3 weeks 37® 




433* 

15 3 

1 

73 1 00 

d 







133* 

15 3 

1 

73 1 00 

d 







437* 

10 G 

2 

7G 1 00 

0 







402* 

9 C 

2 

70 1 00 

0 

2 

120 1 

Theoretical content 

GO 

27 5 


523 







Initial assay 

After 2 m r t and then sub- 

60 o 

27 7 


511* 







mitted to 3 ueeks 45® 

5S 

20 2 


489* 

4 4 

1 

73 1 00 and 
2 70 1 00 




After 2 m r t and then sub- 







73 1 00 and 




mitted to 0 weeks 45® 

5G 2 

28 2 


385* 

21 7 

1 


2 76 1 00 



After G m r t 




484* 

5 3 

1 

73 1 00 and 
2 70 1 00 




After G m r t and then sub- 






1 

73 1 00 




mitted to 3 weeks 37® 

55 

28 3 


400* 

8 3 

** 




20 9 


479* 

6 3 

2 

70 I 00 


3 

120 1 

Theoretical content 

00- 

27 5 

55 

500. 







Initial assay 

53 1 

28 0 

54 

470* 










490* 







After 3 weeks 37® 




413* 

12 2 

.1 

73 1 00 and 
2 70 1 00 

d 







415* 

15 4 

1 

73 1 00 and 
2 70 1 00 

d 



After 3 necks 45® 




381* 

10 0 

1 

73 1 00 







372* 

21 1 

1 

73 1 00 








3C7* 

25 2 

2 

70 1 00 

Q 



After 3 m r t 




487* 

0 7 

T 

73 1 00 and 
2 70 1 00 

d 



After G m r t 




461* 

1 9 

1 

73 1 00 

d 








2 

7G 1 00 

0 







417* 

15 9 

1 

73 1 00 

d 









2 

7G 1 00 


4 

500 1 

Theoretical content 

00/ 

27 5 

oo 

120 







Initial assay 




in* 



73 1 00 and 




After 3 m r t 




73* 

4 

1 


2 70 1 00 



After 3 weeks 37° 




<5* 

>95 

1 

73 1 00 and 
2.7G 1 00 

t 

5 

500 1 

Theoretical content 

GO* 

27 5 

55 

120, 







Initial assay 

59 4 

28 7 

5G 

120* 
129 C 

91 5* 

23 8 

1 

73 1 00 

d 

After 3 weeks 37° 






88* 

2G 7 

2 

7G 1 00 

0 



After 3 weeks 45° 




CC 5* 

44 0 

T 

73 1 00 and 
2 70 1 00 

0 



After 3 m r t 

00^ 



120* 

0 

1 

73 1 00 and 
2 70 1 00 

d 

G 

5,000 1 

Theoretical content 

27 5 

55 

12 






Initial assay 

After 2 m r t 




12 G* 


1 

73 1 00 and 
2 70 1 00 

} 




After 3 weeks 37° 




<1* 

>90 

1 

73 1 00 and 
2 70 1 00 

t 

7 

5,000 1 

Theoretical content 

GO*' 

27 5 

o j 

12 






Initial assav 

59 4 

28 7 

57 5 

19 9C 







After 3 weeks 37° 




3 58* 

70 1 

1 

73 1 00 and 
2 70 1 00 

* 

S 

10,000-1 

Theoretical content 

GO* 

27 5 

55 

G 







Initial assay 

CO 4 

28 7 

52 5 

5 5* 











C 2* 







After 3 weeks 37° 




<0 25* 

>95 

1 

73 1 00 and 

1 


2 70 1 00 


Vit Bi-— Thi'imjne hydrochlonde 
Vjt — Pjridoxme hjdrocWoride 

Vit Bis — Cr\ stallme Mlamtn Bi» U S P 
“ m r t ** ^^onlIls at room temperature 


’’ Ph> sico chemical a<;say (0) 

^ MicrobioloRical nssaj (7) 

Without anj* noticeable ph>sical change 
' Vit Bi "for parenteral use ‘ tj pe /I 
^ Vit Bi "for parenteral use" t>pe B 


^ Accentuated uniform darkening 
^ Slight color loss 
' Complete loss of color 
^ Accentuated uniform color loss 
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decomposition becomes greater iiitli the higher the 
temperature and longer the time of exposure 

EXPERIMENTAL 

All recommendations for ran materials and appa- 
ratus to be used should be exactlj' the same as pre- 
\iouslj described (1) The assajs of the raw ma- 
terials ivere performed according to the U S P 
standards An additional qualitative test for vita- 
min Bi must be accomplished only raw materials 
giving a completelj clear and colorless 30% solu- 
tion m double distilled nater observed in a flint 
glass cthnder of at least 15 cm diam must be used 
For the individual filtration of the different compo- 
nents m an all glass or glass lined apparatus, a 
special assembly for vacuum filtration nith a lot of 
micro porous porcelain candles was designed 

Each candle, free from heavj metal traces (8), 
uas previously ivashed uitli 1,000 cc of 0 1 N hydro 
chloric acid, subsequent!} uitli 1,000 cc of hot 
double distilled uater, and finall} uitli cold dis- 
tilled uater until all chloride ions ucre removed 
After beat sterilization of the apparatus, the filtra- 
tion of the different vitamin solutions uas made by 
suction One candle must be used for vitamin Bi 
and another for niacinamide \ itamin Be and vita- 
min Bi 2 can be filtered through the same candle 
The pH of the different vitamin solutions was pre- 
viously ascertained by partial neutralization with 
an experimentally determined quantit} of anal} tical 
reagent grade sodium bicarbonate so that the final 
solutions to be subdivided in the ampuls has the 
expected value First ue prepared and filtered 
a 30% solution of the vitamin B|, adjusted to pH 
3 3 We then filtered through another candle a 20% 
solution of the niacinamide, adjusted to pH 3 3 
with anal} tical reagent grade h}drochlonc acid 
Finall} ue filtered a 10% solution of the vitamin Be 
containing the vitamin B,-, adjusted to pH 3 3 
After ever} filtration, each candle uas uaslied uitli 
double distilled water until desired volume 

The filling of the ampuls must be made so that 
the ratio between the liquid volume and the air 
V olurae present in the sealed ampuls is 1 73 to 1 00 

For the microbiological assay of vitamin Bi-, 
the U S P method, using Lactobacillus Ictchntatm, 
uas applied (7) The other anal} ses were made b} 
the same methods as previousl} indicated (1) 

The final steriht} of all solutions uas bacterio 
logicall} confirmed 

RESULTS AND DISCUSSION 

It was possible to obtain chemicall} stable aqueous 
combinations containing vitamins Bj, Bj-, and nia- 
cinamide if a certain pH v alue and a maximum pro- 
portion of 120 to 1 between vitamin Bi and vitamin 
B)o are observed Rapid inactivation of vitamin 
B,^ occurs in solutions which have a proportion of 
5,000 to 1 or 10,000 to 1, even when refined pharma 
cotechnical methods are applied for the prepara- 
tion of these parenteral forms 

The darkening is considerably increased at higher 
pHs [4 0 and 4 5, solutions number 9 and 12 de- 
scribed m Table II of the previous paper (1)] and at 
high temperature levels (37° and 45°, Table I, 
solutions 3 and 5) Different air volumes present 
ov cr the solutions in the iniptils also iiifluuicc 
defiiiitclv the ph}sical stabiht} of these combina- 


tions Using liquid volume to air volume ratios 
from 2 70 to 1 00 until 1 73 to 1 00 we obtained 
different degrees of darkening, from deep discolor 
ations to no color changes Characteristic results 
arc demonstrated b} Table I, solutions 1, 2, 3, and 
5 Lower ratios than 1 73 to 1 00, i c , presence of 
greater excesses of air in the sealed ampuls ma} 
cause a white precipitate At a liquid volume to air 
volume ratio of 1 73 to 1 00 neither darkening nor 
precipitation were observed (Table I, solution 2 
after C mrl and then three weeks 37° exposure, 
solution 3 after three weeks 45° exposure and after 
9 mrt , and solution 5 after three weeks 37° ex- 
posure) 

The results regarding discoloration of B complex 
aqueous combinations containing vitamin Bn 
are contrary to the well-known observations of 
darkening of B complex aqueous combinations 
without vitamin Bn as a result from thiamine de 
composition influenced by the air present over the 
solutions Even at a pH 3 3, vitamin Bi, vitamin 
Bt, and niacinamide aqueous combinations darken 
111 the presence of large air volume in the ampuls, 
while m the presence of small quantities of air they 
arc perfectly stable (9) Nevertheless, these 
combinations in the presence of vitamin Bn and in 
the concentrations we worked, gave us the results 
previous!} discussed 

The chemical problems related to these ph}sical 
changes are still being studied 

Summarizing, the important factors to obtain 
stable aqueous combinations on these vitamins are 
(a) the relative vitamin Bi eoncentration present in 
combinations of vitamin Bn with other B complex 
components, (b) the pH value, (c) the “liquid volume 
to air V olume” ratio in the ampuls or vials 

The general interest to perform artificial aging 
tests at temperatures of 100° and 120° in this t}pe 
of solution seems to disappear in vueu of the achieved 
high vitamin Bi- losses Tests performed for a feu 
weeks at onl}' 37°, 40°. and 45° seem to give more 
conclusive stabilit} results 

The individual filtration of the different vitamins 
IS iiecessar} to improve the chemical and ph}Sical 
stabiht} of these solutions The decomposition 
of vitamin Bi in the presence of niacinamide is in 
creased b}' the candles, in spite of the prev lous 
washing treatment where at least all calcium ions 
were removed 

Vitamin Bo does not interfere in the stability of 
these combinations if the indicated product process- 
ing rules are strictly observed 

SUMMARY 

1 The importance of the relativ'e proportion 
between vitamin Bi and vitamin was pointed 
out in v'lew of the stabiht} of aqueous combina 
tions containing vntamin Bj, vitamin Bjs, and ni 
acmamide 

2 The darkening of B complex solutions 
containing vitamin Bic m high concentrations 
was avoided b}' increasing the air content over 
the solutions in the ampuls 

3 Special emphasis was given on the impor- 
tance of the processing rules concerning the prep 
aration of the discussed parenteral solutions 
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4. Good stability of vitamin was ob- 
tained even in presence of 60 mg./cc. of vitamin 
Bj and 55 mg./cc. of niacinamide. 
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A Chromatographic-Spectrophotometric Method for 
the Separation and Determination of Colchicine* 

By STANISLAUS J. SMOLENSKI, FRANK A. CRANE, and RALPH F. VOIGT 

An improved procedure for the extraction, separation, and purification of colchicine 
from plant tissue is presented. The method makes use of a simple separation and 
purification of colchicine by adsorption on two different chromatographic columns, 
eluting these with different solvents and determining the purified alkaloid colori- 

metrically. 


A NUMBER OF METHODS have been devised for 
the extraction, separation, purification, and 
assay of colchicine. The extraction of the 
alkaloid has been carried out by making use of 
water (1-3), alcohol (4-8), wax and paraffin-wax 
(for the removal of resin) (4, 5), and a Soxhlet 
apparatus (8, 9). 

Separation of colchicine from cotm and seed 
tissue has been carried out by using chloroform 
(1-10). Determinations were made (a) gravi- 
metrically, after extracting with methyl alcohol, 
shaking out the colchicine from chloroform in a 
separatory funnel (1, 6, 7); (b) polarigraphically, 
after extraction with water (3); and (c) colori- 
metrically (10, 11). Purification has been carried 
out on a chromatographic column, (12) making 
use of chloroform as the eluent. 

In this study the alkaloid was extracted by a 
one per cent solution of ethyl alcohol in ethjd 
acetate after the removal of fixed oils by petroleum 
ether in a Soxhlet apparatus. This method 
makes use of a simple separation and purifica- 
tion of colchicine b}' adsorption on two successive 
chromatographic columns, eluting these with 
different solvents and determining the purified 
alkaloid colorimetricallj\ For this purpose 
Struve’s color reaction (13) was adapted and the 
developed color was stable for at least three 
liours. 
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Abstract of a thesis submitted by Stanislaus J. Smolensk! 
lo the Graduate College of the University of Illinois in par- 
tial fuinilmcnt of the requirements for the degree of Master of 
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According to Struve (13), on addition of con- 
centrated nitric acid colchicine changes from a 
5 'ellow powder to a violet solution, which further 
changes, in a few minutes to brown-red; and 
then upon the addition of water, to j’ellow. On 
the further addition of sodium hydroxide T. S. the 
color becomes orange-red. This color test was 
applied in this laboratory to 28 other alkaloids or 
their salts, and none of them gave the identical 
reaction to colchicine in all three phases, i. e., 
with nitric acid, water, and sodium hydroxide 

T. S. For this reason Struve’s color reaction was 
used throughout this work during the separation 
and purification of colchicine for testing the com- 
pletion of extraction, and was further adapted 
for the quantitative spectrophotometric assay. 

EXPERIMENTAL 

Reagents Used. — 1. Solvents used in extraction 
were petroleum -benzin, - anhydrous ethyl acetate 
containing 1% ethj’l alcohol, and benzene C. P. 
2. Chromatograms were prepared in glass chromato- 
graphic tubes using (a) alumina-oxide-Alcoa, mesh 
SO-200, grade F-20 (not reacted before use), pro- 
tected at both ends by a thin layer of Hyflo-Supercel 
(Johns-Manville), and (b) silicic acid gel (ppt. SiO.- 
HjO) analytical reagent, Jilallinckrodt, immersed in 
chlorofonn. 3. For eluting alumina column chro- 
matograms, three successive solutions were used; 
(a) Chloroform U. S. P. XIU, (b) 4% solution of 
methyl alcohol U. S. P. XI\’ in Chloroform U. S. P. 
XIV, (c) 10% solution of methyl alcohol U. S. P. 
XIV in Chlorofonn U. S. P. XIV. 

For eluting silica gel chromatograms, five suc- 
cessive solvents were employed: (a) chlorofonn, 

U. S. P. XI V. (b) lC,'i solution of methyl alcohol in 
chlorofonn U. S. P. XIV. (c) 2 % solution of methyl 
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alcohol in chlorofonn, (d) 10% solution of methyl 
alcohol in chloroform, and (e) 20% solution of 
methyl alcohol in chloroform. 4. Solutions used 
for the color reaction determining: the presence of 
colchicine included concentrated nitric acid (re- 
agent grade), distilled water, and sodium hydroxide 
T. S. This test was applied wherev'er colchicine 
was to be detected. 

Extraction. — A representative sample of 10.0 Gm. 
of colchicum seed, reduced to a coarse powder (20- 
mesh) is extracted for four hours with 100 ml. of 
petroleum benzin in a Soxhlet apparatus. This 
solvent containing fats and resins is removed and the 
flask is replaced by one containing 100 ml. of anhy- 
drous ethyl acetate with 1 ml. of ethyl alcohol. 
The powder is macerated for eight to twelve hours 
followed by continuous extraction for eight hours. 

At the end of this period, 2 ml. of the solvent are 
removed from the Soxhlet extractor, evaporated to 
drjmess, and tested for completeness of extraction of 
colchicine. The crude extract containing colchicine 
is concentrated to dryness by distillation. Five ml. 
of methyl alcohol are added to the residue and 
evaporated to dryness to remove all traces of ethyl 
acetate. The dried residue is taken up in 3 ml. of 
methyl alcohol, which is poured into a separatory 
funnel attached to a chromatographic column. The 
alcohol insoluble fraction remaining in the Soxhlet 
flask is washed by several portions of benzene to 
total 100 ml., which is finally collected in the sepa- 
ratory funnel. 

Adsorption Columns. — For the first chromato- 
graphic column an adsorption tube 220 mm. in 
length and 20 mm. in inner diameter with a ground- 
glass joint and sealed-in perforated disk is employed. 
A 13-mm. layer of Hj'flo-Supercel is placed in the 
bottom of the tube, upon which 20.0 Gm. of the 
alumina adsorbent are packed. Above the evenly 
distributed 90-mm. column (±5 mm.) a thin layer 
(0.25 Gm.) of Hj'flo-Supercel is added to prevent 
the column from cracking; and then the column is 
washed with 100 ml. of benzene. 

A second chromatographic column makes use of 
the same type of tube. Two filter paper disks are 
placed on the top of the perforated glass, upon which 
15.0 Gm. of silicic acid mixed with 50 ml. of chloro- 
form are poured along a glass rod, while holding the 
filter paper in place. The column is left to settle 
for a few minutes and then stirred thoroughly in 
order to remove air bubbles and particles that are 
not gel-like, and also insure an even surface at the 
top of the column. After ten to fifteen minutes 
slight suction is applied and the gel-like adsorbent 
settles, making a column 110 mm. (±5 mm.) x 20 
mm. Suction is controlled so as to avoid dr 3 dng of 
the silicic acid. This can be detected as a white 
powder in the gel-like column. 

A carefully' prepared column retains the desired 
consistencj' throughout the entire process of elution. 
Drj' particles decrease the rate of flow; and if the 
entire column dries out, elution becomes impos- 
sible. 

The combined alcohol-benzene solution of col- 
chicine present in the separatory funnel is passed 
through the first column. A chromatogram is de- 
veloped which consists of three poorh' separated 
bands. The top brown band is about 3 mm. wide, 
the middle reddish-brown band is about 4 mm. wide. 


and the lowest band which contains colchicine is 
about 3 mm. wide and j’ellow in color. 

The elution of colchicine is carried out in three 
stages with: (a) 100 ml. of chloroform; (b) 200 
ml. of a 4% solution of methyl alcohol in chloroform; 
and (c) 200 ml. of a 10% solution of methyl alcohol 
in chloroform. After complete elution of the yellow 
band, 20-drop samples of the filtrate contain no col- 
chicine. 

The filtrate obtained from the separation is con- 
centrated by distillation to about 1 ml. and trans- 
formed quantitatively' in chloroform to a 100-ml. 
beaker, then evaporated to dryness on a water bath. 
The process of evaporation is repeated tyvice with 
5-ml. portions of chloroform each time to remove all 
alcohol and benzene. 

The washed and dried residue obtained from the 
filtrate of the first separation is dissolved in 10 ml. 
of chloroform and poured into the separatory' funnel 
mounted above the second column. The beaker 
which contained this residue is washed with small 
portions of chloroform totaling 60 ml. and the com- 
bined solutions are passed through the silicic acid 
column. A chromatogram is developed consisting 
of the following bands (from top to bottom); 1. 
yellow, 2. red, 3. colorless, 4. red, 5. colorless, and 
6. yellow-green-yellow. 

Bands 2, 4, and 6, yvhich contain impurities, are 
eluted with 100 ml. of chloroform, then with solu- 
tions of methyl alcohol in chloroform — first 125 ml. 
of 1% and finally 60 ml. of 2%. The colchicine 
present in band 1 remains at the top of the column 
and moves only slightly'. During this process of 
elution, eluents consisting of more than 2% of 
methy'l alcohol in chloroform should be avoided be- 
cause higher concentrations of alcohol disturb the 
order of bands. 

Colchicine is eluted as the final component, mak- 
ing use of 160 ml. of a 10% solution of methyl alco- 
hol in chloroform. It is possible to increase the rate 
of elution with concentrations as great as 20%. 
Again, samples are taken to test completion of elu- 
tion. 

The eluate containing the colchicine is evaporated 
to dry'uess on a water bath. Ten ml. of methy'l 
alcohol are added and evaporated in two successive 
steps to remove the chloroform. 

Development of the Standard Curves. — The ad- 
sorption curves (Fig. 1) and the colchicine standard 
curve (Fig. 2) yvere derived by' the following pro- 
cedure: Samples of 0.5 mg., 1.0 mg., 2.5 mg., 3.0 
mg., and 4.5 mg. of colchicine U. S. P. XIV were 
placed in 10-mI. volumetric flasks and dissolved in 
0.1 ml. of concentrated nitric acid. A dark purple- 
blue-purple (PB-P) color (14) developed which 
changed to red-purple-red (RP-R), then finally red- 
yellow (RY), by the end of thirty minutes. This 
acid solution yvas washed yvith water containing 2.5 
ml. of sodium hydroxide T. S., thereby developing a 
red color. 

The flask was filled to volume yvith distilled water. 
The absorbances of these solutions yvere measured 
on the Beckman DU spectrophotometer, and these 
yvere used in plotting the absorption curves (Fig. 1) • 
Single peaks of absorbance occurred at 350 milli- 
microns. The color densities for each concentration 
yvere then plotted and used to prepare the standard 
curve (Fig. 2) . 
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Determination of Colchicine from Plant Tissue. 
The residue from the chromatographic separations 
is transferred to a 100-ml. volumetric flask by means 



WAVE LENGTH, M)i. 


of methyl alcohol and made up to volume. Ten-ml. 
samples of this solution are measured into weighing 
bottles, evaporated carefully to dryness on a water 
bath, and dried in an oven for sixteen hours at 105°. 
One-tenth ml. of concentrated nitric acid is added 
to the residue and allowed to stand for thirty minutes 
in order to develop the color. This acid solution is 
washed into a 50-ml. volumetric flask containing 2.5 
ml. of sodium hydroxide T. S. The flask is filled 
to volume with distilled water, mixed thoroughly, 
and allowed to stand for fifteen minutes. 

In order to have a solution within the proper con- 
centration range, 3-ml., 6-ml., and 8-raI. aliquots are 
transferred to 10-ml. volumetric flasks and filled to 
the mark with water. The optical density of these 
solutions is read on the Beckman DU spectrophotom- 
eter at 350 mp and the amount of colchicine is de- 
termined from the standard curve. 

RESULTS 

The sample of extracted colchicum seed mentioned 
above was divided into aliquots which were deter- 
mined by both spectrophotometric and gravimetric 
methods. The results of these determinations are 
shown in Table I. The method was further com- 
pared with the official N. F. IX method and results 
are shown in Table II. 


Fig. 1. — Absorption curves for colchicine follow- 
ing reaction with HNOs, H 2 O, and NaOH T.S. 
Amounts of colchicine present (reading from bot- 
tom to top of graph): I. 0.05 mg. in 10 ml. II. 
0.1 mg. in 10 ml. III. 0.2 rag. in 10 ml. IV. 0.3 mg. 
in 10 ml. V. 0.45 mg. in 10 ml. 



.030 .100 .150 .200 .250 ,300 .350 .400 .430 

amount Of colcuicine/mg. 


Fig. 2. — Standard curve obtained by plotting the 
spectrophotometric color density at 350 m/i against 
amount of colchicine in mg. 


Table I. — Results of the Spectrophotometric 
AND Gravimetric Methods for Determining 
Colchicine in Colchicum Seeds 


Spectrophoto- 


Sample 

metric 

Gravimetric 

method, 


number 

mg./Gm. of seed 

mg./Gm. of seed 

1 

3.0 

3.3 

2 

3.0 

3.6 

3 

3.1 

3,4 

4 

3.0 

4.3 

5 

3.1 

3.7 

6 

3.0 

3.8 

7 

3.6 

3.7 

8 

3.6 

3.6 

9 

3.2 

3.2 

10 

3.1 

3.3 

11 

3.0 

3.3 

12 

3.0 

3.1 

Mean 

3.1 

3.5 


Table II. — Yield of Colchicine Obtained by 
the N. F. IX Method and by the Experimental 
Methods (Spectrophotometric and Gravi- 
metric) 


■Methods 

Number 

of 

Deter- 

minations 

Colchicine 

from 

10 Gm. 
Colchicum 
Seed in 
mg. 

Standard 

Deviation 

X. F. IX 

2 

29.3 

1.30 

E.xperimental 

Spectroplioto- 

metric 

12 

31.6 

2.40 

Gravimetric 

12 

35.2 

3.35 
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Sensitivity of method. — In order to test the de- 
gree of sensitivity of the metliod, a number of 
samples of colchicine were weighed, dissolved in the 
solvents mentioned above, and determined spectro- 
photometricalljL The results are listed in Table 
III. 

Determinations of Colchicine (U. S P. XIV) were 
made by spectrophotoinetric and gravimetric 
methods, results of which are listed in Table IV. 


Table III — Spbctrophotomeiric Determination 
OF Unknown Quantities of Colchicine” 


Sample 

Number 

Colchicine 

Taken, 

mg 

Colchicine 

Determined, 

rag 

Per Cent 

1 

5 2 

5.0 

9G 1 

2 

2 1 

2 0 

95 7 

3 

2 5 

2 4 

96 0 

4 

2 5 

2 5 

100 0 

5 

1 0 

1 1 

110 0 

6 

1 0 

1.0 

100 0 

7 

1 4 

1 4 

100 0 

8 

0 2 

0 2 

100 0 

9 

4 5 

4 4 

97 8 

10 

1 1 

1 2 

109 0 


° Obtained from Mallinckrodt Chemical Works 


Table IV — Determination' of Colchicine, 
U S P XIV“ 


Gravt- 
mefne 
Deterini' 
nation of 
Impunties 
Recovered 
from 


Colchicine 

- — Colchicine Recovered — • 
Spectropho- Gravj 

Chromato- 

graphic 

Taken 

tometne. 

metric. 

Columns, 

mg 

mg 

mg 

mg 

50 9 

48 3 

52 5 

3 9 

51 4 

47 9 

51 5 

4 0 

Mean 

51 1 

48 1 

52 0 

3.9 

Standard 

deviation 

0 28 

1 87 



Q Obtained from Mallinckrodt Chemical Works 


DISCUSSION 

The use of Struve’s color reaction in detecting 
colchicine for the completion of extraction and elu- 
tion gives ex'cellent results. Since the color reac- 
tion consists of three phases, it is possible to elimi- 
nate similarly reacting compounds Tliis method is 
applicable only to solutions containing colchicine in 
high concentration, or their residues when evapo- 
rated to dryness. 

After removal of fixed oil and fatty substances 
with petroleum benzene, the colchicine ivas ex- 
tracted ivith ethyl acetate containing 1 ml. of ethyl 
alcohol. The ethyl acetate was chosen because it 
extracts a smaller amount of resinous substances 


than docs alcohol. The 1 ml. of ethyl alcohol was 
added to the ethyl acetate to prevent its hydrolysis. 
Tliese two steps of extraction were used in order tliat 
the separation and purification, carried out solely on 
chromatographic columns, could produce a crude 
extract containing fewer interfering impurities dur- 
ing elution. 

The crude extract contains a certain amount of 
resinous substances whicli are insoluble in chloroform 
and benzene, but soluble in methyl alcohol. How- 
ever, some of the e.xtract is also insoluble in the al- 
cohol; consequently, the order of transferring the 
solution from the extraction flask to the column 
was by means of methyl alcohol followed by ben- 
zene. Alumina, used by Ashley and Harris (12) 
retained these, but it could not be used for the total 
purification, as it would not hold most of the non- 
resinous impurities A second column, in which the 
adsorbent was silicic acid, removed tliese impurities 

The two adsorbents in different columns gave im- 
proved results. Alumina retained the resinous 
substances and some impurities; the colchicine 
being in the lowest band was eluted first. This 
eluatc obtained from the first separation was easily 
processed and passed through the silicic acid column. 

The Hyflo-Supercel used at the top and bottom of 
the alumina column serves only as a filter, since it 
does not adsorb colchicine. 

An advantage of this method is that it does not 
require continuous care, and the many manual 
manipulations of other methods: e. g., the official 
N. F. IX method involves shaking with chloroform, 
causing emulsification of liquid if used too vigor- 
ously, too long, or too often ; and repeated filtration 
is required to obtain clear solutions. 

Differences obtained in the results from tiie gravi- 
metric and spectrophotometric methods (Table I) 
indicate tliat there are colorless impurities remain- 
ing in the solutions, but they do not interfere with 
the spectrophotometric determination. The spec- 
tropliotoinctric results ivere always lower (Table HO 
than the ones obtained by the gravimetric metliod, 
indicating that the impurities in solution did not 
absorb the transmitted light. A statistical com- 
parison of the determinations presented in Table II 
indicates that their means arc significantly different 
(p = >.005) and greater stress should be placed on 
results obtained by the spectrophotometric method. 
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A Study of Natural Sponge as a Disintegrating Agent 

in Compressed Tablets* 

By ROBERT C. CRISAFIf and CHARLES H. BECKERj 


Natural sponge {Jiippiospovgia lachnCf de Laubenfels) ^has been studied as a disii^e- 
grating agent in compressed tablets. A brief description of the procedures used for 
cleansing, bleaching, and powdering the sponge prior to its incorporation in tabmt 
formulas has been given. The disintegrating ability of powdered sponge in the 
formulas studied was found to be superior to that of cornstarch ^for tablets contain- 
ing lactose, calcium gluconate, sulfadiazine, aluminum hydroxide, bismuth subni- 
trate, and sodium bicarbonate. Combinations of powdered sponge added during 
the granulation process and dried cornstarch added just before compression were 
more efficient for disintegration than powdered sponge alone. 


Tn A PREVIOUS PAPER (1), Gross and Becker 

showed that powdered sponge compared favor- 
ably with other disintegrating agents commonly 
employed in tablets. Since their work was lim- 
ited to lactose tablets and a single percentage of 
sponge, it was the purpose of the present inves- 
tigation to make a more detailed study of this 
agent . 

For this investigation sheep’s wool sponge 
{Hippiospongia lachic, de Laubenfels) was used 
because of its availability and commercial 
importance. 


EXPERIMENTAL 

The sponge used in this study was in the form of 
clippings which were trimmed from the sponges in 
the process of preparing them for market. These 
clippings contained large proportions of sand and 
shell as well as other foreign material. Because of 
the large amount of foreign material and the dark 
yellowish-brown color of the sponge, it was obvious 
that a thorough cleansing and decolorization was 
necessarj' before it could be used in a tablet formula. 
Preparation of the sponge for use as a disintegrating 
agent was accomplished in three steps, cleansing, 
bleaching, and powdering. 

Cleansing of Sponge. — The sand and most of the 
other foreign material were easily removed from the 
sponge by washing and hand picking. Following 
this initial cleansing treatment, the sponge was 
found to still contain minute pieces of shell embed- 
ded within the fibrous network. These calcareous 
particles were removed by a second wash in a 2% 
solution of hydrochloric acid. 

Bleaching of Sponge. — To decolorize the sponge, 
the cleansed material was first treated with a 1% 
solution of potassium permanganate. The sponge 
was next washed in an acidified solution of sodium 
bisulfite until the color had been sufficiently 
bleached. After rinsing in several changes of fresh 

* Received September 20, 10.‘j7, from llie Cnllexc of Pliar- 
miicy, Universits' of Ftoridu, Gainesvilie. 

Abstr.teted in jtart from a dissertati(ni presented to the 
Ctraduate Council of the University of b'lorida by Robert C. 
Crisafi in partial fulfdlment of the requirements for the de- 
cree of Doctor of Philosophy, 

t Fellow, American Foundation for Pharinacetitical Edu- 
cation. Present address: Xcw England College of Phar- 
macy, Boston, Mass. 

t Professor of Pharmacy, University of Florida. Gaines- 
ville. 


water, the sponge was dried and prepared for grind- 
ing. 

Powdering of Sponge. — The sponge was ground 
in a Wiley mill using two screens, 2 mm. and 1 mm., 
respective!}’. The second milling was collected and 
stored for use in tablet formulas. 

Absorption Study. — The mechanism through 
which potvdered sponge and cornstarch accomplish 
their disintegrating action is most likely the same. 
Both agents swell when in contact witli water and as 
a result are capable of rupturing tablets in which 
they are incorporated. Because absorption is a 
chief factor in this action, tests were conducted on 
powdered sponge and cornstarch to determine the 
comparative rate at which this absorption takes 
place. The moisture conditions were controlled 
through the use of constant humidity chambers. 
The materials were first dried to constant weight at 
110° and then placed in each humidity chamber for 
a twenty-four hour period. The weight gain was 
calculated by reweighing the sample following this 
twenty-four hour interval and was recorded as per 
cent of sample weight. Results of these tests are 
reported in Table I. 


Table I. — ^Moisture Absorbed by Powdered 
Sponge and Cornstarch at Various Relative 
Humidities 


Relative 
Humidity 
at 27®, 
% 

30 

45 

60 

70 

SO 

95 


Water Absorbed After 24 Hours 
Powdered 

Sponge, 

Cornstarch. 

% 

% 

9.22 

8.13 

12.21 

10.33 

15.43 

12.69 

17.65 

14.14 

21.36 

16.12 

29.51 

20.61 


Preparation of Tablets. — The tablet formulas 
used in this study are listed in Table II. Tablet 
batches ivere based on lots of 2,000 tablets for each 
formula. The medicinal ingredients selected as the 
active components of the tablets were represented 
by drugs of I'ariable solubilities. As a control, 
lactose replaced all of the active medicinal agent in 
the tablet. 

Four series of tablet formulas were prepared. 
The first, signified by the letter .1 in the batch num- 
ber, contained 5% powdered sponge added during 
the process of granulation. The second scries. 
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signified by the letter B in the batch number, con- 
tained 10% cornstarch which was also added during 
the granulation process A tliird series was made 
up of the same granulations as series A with an addi- 
tional 2% dried cornstarch added to the dry granules 
just prior to compression, these formulas are sig- 
nified by the letter C in the batch number The 
amount of cornstarch added to this series was inten- 
tionally limited since the purpose of these formula- 
tions n as not to determine the efficacy of cornstarch 
as a disintegrant, but rather to determine whether 
or not It would have any effect on the disintegrating 
ability of the powdered sponge which had been in- 
corporated during the wet granulation The formu- 
las of the final series, signified bj' the letter D in the 
batch number, contained the same granulations as 
series B with an additional 2% dried cornstarch 
added to the dry granulation Tablets m this last 
series were prepared and tested m order to obtain a 
fair evaluation of the data on a comparative basis 

Syrup U S P M as used as the binder in the prepa- 
ration of all granulations This agent resulted in 
production of very fine granules For lubrication, 
2% magnesium stearate based on the Height of the 
finished tablet was used in all formulations A 
Stokes rotary. Model B-2, tablet machine was used 
to compress the completed granulations The tab- 
lets were prepared with standard concave Vj-inch 
punches and dies 

To prepare the granulations, the powdered ma- 
terials were placed in a Stokes miter and allon ed to 
mit for one hour The resultant mixture was 
sieved through a No 40 mesh screen 

In order that the percentage of active ingredient 
and disintegrator remained constant for each series 
of formulas, it nas necessary to predetermine the 
proportion of binding agent needed for each granu- 


lation This was accomplished through a prelimi- 
nary experiment on a small amount of each formula 
With the proportion of granulating agent determined 
for the actual granulation process, the adjustment of 
diluent to obtain a specific tablet weight was calcu- 
lated 

The thoroughly mixed powders were put in a 
Rcadco Dough Type Mixer and the granulating 
solution was slowly added with constant mixing 
The moist mass was granulated by passing it 
through a No 8 mesh screen The coarse granules 
were spread in thin layers on paper-covered trajs 
and allowed to dry in a circulating hot-air oven at 
60° The time required for drying varied Hith the 
nature of the granulation, however, as a rule the 
time ranged betu een eight to ten hours Follou ing 
the drying period, the granulation Has again 
screened, this time through a No 14 mesh sieve 

For those granulations that had a tendency to 
produce excessive "fines” nlien completely dried, it 
was necessary to screen the coarse granulation h hen 
It was about Vi or Vs d'^y After screening a par- 
tially dried granulation, it x\as placed back into the 
oven and allowed to completely dry with a minimum 
of fines 

Lubrication of the granules Has carried out im- 
mediately prior to compression The lubricant 
was forced through a No 80 mesh screen before being 
added to the granulation 

Measurements of Hardness and Disintegration 
Time. — To measure the comparative hardness of 
the tablets prepared in this investigation, the 
Monsanto Hardness Tester was used Reported 
values are averages of five determinations and are 
stated to the nearest 0 6 Kg Since tablet hardness 
has an influence on the rate of disintegration, an at- 
tempt was made to maintain the tablet hardness 


Table II — Tablet Formulas"-*' 


Batch No 

Acti\ e Ingredient % 

Binder 

Sj rup 

U S F, 

% 

Disintegrant 

Sponge, Starch, 

% % 

Tablet 
Weight c 
mg 

I-A 

78 8 Lactose 

14 2 

5 


375 

1-5 

72 7 Lactose 

15 3 


10 

375 

I-C 

78 8 Lactose 

14 2 

5 

2 

383 

I-D 

72 7 Lactose 

15 3 


12 

420 

II-A 

50 0 Bismuth Submtrate 

16 5 

5 


375 

II 5 

50 0 Bismuth Submtrate 

17 4 


10 

375 

II-C 

50 0 Bismuth Submtrate 

16 5 

5 

2 

383 

II-D 

50 0 Bismuth Submtrate 

17 4 


12 

420 

III-A 

50 0 Sulfadiazine 

18 0 

5 


350 

III-S 

50 0 Sulfadiazine 

21 3 


10 

350 

III-C 

50 0 Sulfadiazine 

18 0 

5 

2 

357 

III-D 

50 0 Sulfadiazine 

21 3 


12 

392 

IV-A 

50 0 Aluminum Hydroxide 

24 3 

5 


400 

IV-5 

50 0 Aluminum Hydroxide 

25 0 


10 

400 

IV- C 

50 0 Aluminum Hydroxide 

24 3 

5 

2 

408 

IV-D 

50 0 Aluminum H)»’droxide 

26 0 


12 

448 

V-A 

30 0 Calcium Gluconate 

13 6 

5 


400 

V-B 

30 0 Calcium Gluconate 

13 5 


10 

400 

V-C 

30 0 Calcium Gluconate 

13 6 

5 

2 

408 

V-B 

30 0 Calcium Gluconate 

13 5 


12 

448 

VI-A 

45 0 Sodium Bicarbonate 

12 1 

5 


350 

VI-B 

45 0 Sodium Bicarbonate 

13 7 


10 

350 

VI- C 

45 0 Sodium Bicarbonate 

12 1 

5 

2 

357 

VI-B 

45 0 Sodium Bicarbonate 

13 7 


12 

392 


“ All percentages of senes A and B were based on the weight of the finished tablet In series C and D an additional 2% 
dried cornstarch was added to the tablet weight of those formulas in senes A and B, respectively 
6 The remaining weight of the tablet wa<; furnished by the diluent and lubricant 
« The weight variation of the tablets was within ±5% of the stated weight 
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within a range of 6.0 to 7.5 Kg. Tablets in this 
hardness range were found to be resistant to break- 
ing and chipping when subjected to friability tests 
simulating the most extreme handling conditions. 
In addition, it was felt that a hard tablet would 
better reveal the disintegration ability of the agents 
studied. 

The disintegration tests were conducted in ac- 
cordance with the U. S. P. directions (2). A tablet 
was considered as being disintegrated when it had 
completely passed through the screen of the basket- 
rack assembly. Three determinations were made 
on all tablets tested and the average time was calcu- 
culated and recorded in minutes. 

The average disintegration time as well as tlie 
average hardness of the various tablet batches are 
shown in Table III. 


Table III. — ^Average Hardness and Disintegra- 
tion Time of Tablets Measured Immediately 
AFTER Compression 


Batch No.“ 

Hardness, 

Kg. 

Disintegratioo 

Time, 

Mia. 

I-A 

6.0 

3.6 

1-5 

6.5 

21.0 

I-C 

7.5 

0.9 

I-D 

7.0 

19.7 

Il-A 

7.0 

23.2 

II-5 

6.0 

73.9 

II-C 

7.5 

4.0 

ll-D 

7.5 

71.2 

III-i4 

6.5 

6.3 

in-B 

6.5 

98.6 

III-C 

7.0 

1.5 

III-D 

7.0 

94.4 

IV-A 

7.0 

6.1 

IV-B 

6.5 

88.5 

IV- C 

6.0 

0.7 

IV-D 

6.5 

84.3 

V-A 

6.5 

13.8 

V-B 

6.0 

21.1 

V-C 

7.5 

2.3 

V-D 

7.0 

58.7 

VI-A 

6.5 

2.1 

VI-B 

7.0 

20.4 

AT-C 

7.0 

0.5 

VI-D 

7.0 

19.0 


“ Key to Numerals. — ^The numeral represents the medica- 
nient used in the formulation; I — lactose, II — bismuth sub- 
nitrate, III — sulfadiazine, IV — aluminum hydroxide, V — 
calcium gluconate, VI — sodium bicarbonate. 

Key to Letters.^ — The letter used in conjunction with the 
numeral indicates the disintegrant or combination of disin- 
tegrants used in the formula: A — 5% powdered sponge ad- 
ded during the wet granulation; B — 10% cornstarch added 
during the wet granubition; C — 2% dried starch added to 
the dry granulations of series A; D — 2% dried starch added 
to the dry granulations of series B. 

DISCUSSIOM AND CONCLUSIONS 

The effectiveness of powdered sponge as a disin- 
tegrating agent lies in its ability to absorb liquids. 
Studies conducted to determine the absorption 
characteristics of powdered sponge and cornstarch 
indicate, as shown in Table I, tliat the moisture ab- 
sorbed by these agents increased with increased rela- 
tive humidities. The increase in moisture content 
by each agent may be illustrated by an S-shaped 
cun’e; the curx^e being more pronounced for pow- 
dered sponge, indicating a greater capacity for ab- 
sorption by this agent. 

The mechanism tlirough which sponge absorbs 
water and other liquids may be attributed to a com- 


bination of adhesive and cohesive forces. First, 
due to adhesion, there is a wetting of the entire sur- 
face of the sponge creating an enormous liquid sur- 
face. The surface tension effect then tends to re- 
duce this surface to a minimum value through the 
movement of the liquid into myriads of minute 
interstitial spaces and capillaries of the sponge skele- 
ton. This causes the sponge particles to swell to a 
wet volume much greater than their dry volume re- 
sulting in an effective disintegrant. 

A careful study of the data in Table III reveals 
two important facts pertaining to the efficacy of 
powdered sponge as a disintegrating agent for com- 
pressed tablets. First, it is noted that tablets in 
series A containing 5% powdered sponge as the dis- 
integrant, disintegrated in all cases more quickly 
than those tablets in series B which possessed 10% 
cornstarch as the disintegrating agent. Secondly, 
and of particular interest, is the fact that when an 
additional 2% dried starch was added to the dr}' 
granulation of series A, the time required for dis- 
integration of the tablets xvas markedly reduced 
Although it may seem that the additional 2% dried 
cornstarch in tablets of series C was totally responsi- 
ble for the increased rate of the disintegration, this 
is found not to be true when the disintegration times 
of the four series of tablets are compared. In mak- 
ing this comparison, it is noted that the reduction in 
disintegration time for tablets containing an addi- 
tional 2% dried starch was more pronounced for 
tablets having powdered sponge as the incorporated 
disintegrant than for those having 10% cornstarch. 
This is especially true for those formulas in group II 
and V. The dried cornstarch, therefore, in addition 
to serving as a disintegrant per se, e.\-hibited a po- 
tentiating effect on the disintegrating action of the 
powdered sponge. This may be explained by taking 
into consideration the structure of the finished 
tablets. In formulas of series A, the powdered 
sponge is intimately mixed throughout the tablet 
granules thereby necessitating intergranular ab- 
sorption of the liquid media before swelling of the 
sponge particles takes place. However, when the 
2% cornstarch was added to the dry granulation 
just prior to compression, since it was located 
around the outside of the granules rather than within 
the granules, it serx'ed to reduce the time required 
for the disintegration fluid to seep through the outer 
layers of the tablet granules. This allowed the 
sponge particles, especially in the granules not oc- 
cupying the outermost layers of the tablet, to have 
a more ready access to the disintegration fluid, and. 
as a result, to decrease the time required for liquid 
absorption to take place. This in turn increased the 
rate of swelling of the sponge particles and likewise 
the disintegration of the tablet. When used in this 
manner, the starch itself, although acting to some 
extent as a contributing disintegrant, serx'ed princi- 
pally as an activator to disintegration by hastening 
the action of the powdered sponge. 

The results in Table III also indicate, as has been 
noted by several other investigators, that the me- 
dicament present has a decided influence on disinte- 
gration. 
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The Detection of 1-Ethinyl Cyclohexyl Carbamate in 
Toxicological Specimens and its Separation from a 
Mixture of Other Drugs 

By GEORGE R. NAKAMURA 

Three different solvent mixtures are presented for the separation of Valamin in com- 
bination with some common pharmaceutical compounds, principally, bromural and 
morphine Rf’s of Valamin and some drugs and their respective colors on the 
chromatogram are described for three different solvent mixtures Color tests for 
Valamin with concentrated sulfuric acid and other reagents using sulfuric acid as a 

solvent are described 


I 'he common use of 1 etlim}! cjclohexyl car 
-*■ hamate, hereafter indicated in this paper as 
Valamin,' as a sedative is acknowledged todav, 
and m a number of cases studied m this labora 
tory, die drug has been taken b) individuals in 
an attempt to commit suicide In a few cases 
gastric washings contained a mixture of Valamin 
and bromisovalum (isobromovalery lurea) 
'I’alamm seems to be rapidly metabolized by 
the body as suggested by the work of Sw'anson, el 
al (1) on dogs We have not been able to re 
cover any \ alamin in tissue, blood, and unne 
specimens obtained from autopsy cases Brom- 
isovalum was traced in the liver and in the kidney 
in cases where stomach washings contained large 
amounts of A''alamm and bromisovalum 
Since ’^’'alamin shows extremely low' ultraviolet 
and infrared absorption and no fluorescence ac 
tivitv the detection of the drug was earned out 
bv means of color tests and chromatography 
The precipitation method with ammoniacal 
silver nitrate of Langecker, ct al (2) proved use 
ful but lacked specificity and sensitivitj Other 
confirmatory tests were sought Various rea 
gents commonlv eraplo) ed in the toxicologj' lab- 
oratorj were tested and our preliminary search 
indicated that concentrated sulfuric acid, w'hich 
produces a vuid orange red color with Valamin 
could sen'e as a fairly sensitive reagent Com 
parativel> few pharmaceutical compounds react 
with concentrated sulfuric acid to produce this 
charactenstic color Some reagents using H«SO^ 
as a solvent were tested with \ aried results 

EXPERIMENTAL 

For the separation of Valamin from bromural and 
other drugs, paper chromatography was applied It 

* Recen ed October 1 19o7 from the Department of 

Cheraistrj 40Gth Medical General Laboratorj APO 343 
San Francisco Calif 

* This drug is available coramerciallj in Japan os Vala 
mm a product of Schering in Germany and the same drug 
manufactured bj Eh LiIIj and Co Indianapolis G Ind is 
called Valmid Inasmuch as the use of Valmin is more 
common m Japan it was emplojed for this inv estigation 


was apparent from the start that to seek a “uni 
versal solvent mixture ’ to resolve at least a dozen 
of the drugs which are routinely analyzed m this 
laboratorj would prove futile An attempt was 
made to separate some of these compounds which 
would appear in the basic cliloroform extracts, pnri 
cipally morphine, meperidine and bromisovalum 

Ammoniacal silver nitrate spray (3) was eni 
ployed not onlv to develop spots and to determine 
their mobility' in the solvent mixtures, but also to 
differentiate the x arious drugs by colors 

Extraction.— To 10 Gm amounts of tissue, gas 
trie contents, or blood, 10 ml of xvater was added, 
and the mixture was homogenized m a blender 
The pH of the resulting homogenate was adjusted 
to 4-5 and the homogenate was heated m a water 
bath at 100° for thirty' minutes After centrifuga 
tion, the supernatant was collected, and the pH y\as 
adjusted to 8 with ammonium hy'droxide It was 
then shaken tw ice w ith 50 ml of chloroform and the 
aqueous layer was discarded The chloroform ex 
tract was collected and washed with phosphate 
buffer, pH 7 6 The chloroform layer was filtered 
through filter paper containing Celite,® then evapo 
rated gently' to dryness in the steam bath 

Ten milliliters of a urine sample was extracted 
with chloroform at pH 8 0 without prior steam heat 
ing The chloroform extract was treated as above 
with Cehte and filtered The filtrate was evapo 
rated to dry'ness 

Chromatography. — A cylindrical tank 46 cm in 
height and 22 cm in diameter fitted w ith a ground 
glass lid was employed for ascending chromatog 
raphy This tank accommodates a 44 x 48 cm 
sheet of Whatman No 1 filter paper, rolled and 
stapled m such a manner that the edges do not con 
tact each other 

The paper w as spotted w ith extract residue con 
taming not less than 50 /ig of Valamin on a base 
line 3 cm from the bottom of the paper The 
standards listed in Table I w ere dissoh'ed in ethanol 
and applied as 50 microgram spots on the same base 
line The ascending chromatogram was allowed to 
develop for eighteen hours at room temperature 
The paper was dried, then mist sprayed with 0 5% 
aqueous solution of sodium carbonate and dried 
again Then the sheet was sprayed with 2% silver 
nitrate in 10% ammonia water and was dried in 
direct sunlight to produce a clear color development 
\ photoflood bulb, about 250 watts, could be used 
with the same effectiveness 

* Johns ManviIIe 
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To acidify the atmosphere of tlie chamber, an 
evaporating dish containing glacial acetic acid was 
placed on the bottom of the tank. The paper was 
sprayed with acetic acid immediately prior to intro- 
duction into the tank. 

Color Test.— A small amount of residue was placed 
on a white porcelain plate and a drop of color reagent 
was added. The color development was observed for 
a one minute period. Any gradual change of color 
was noted. Then the plate was warmed on a hot 
plate and any further change in the color was ob- 
served. 

RESULTS 

The results of chromatographic separation of 
Valamin and eight other drugs in three different 
solvent mixtures are presented in Table I. Color 
test results with concentrated sulfuric acid and 
reagents (4) using sulfuric acid as a solvent are 
shown in Table II. 


chloroform extracts of urine and blood specimens or 
in autopsy tissues. 

It is assumed, at the present, that Valamin is 
metabolized very rapidly in man through the de- 
struction of the ethinyl group. Experiments with 
rat tissue slices and on dog blood levels bear out the 
metabolic lability of this structural group (5). 

While verj' few common pharmaceutical com- 
pounds yield a red color in reaction with sulfuric 
acid, drugs such as chloropromazine and dimenhy- 
drinate which may occur in the basic chloroform ex- 
tract should be eliminated as possibilities. Many 
of the organic bases such as morphine, codeine, 
heroin, meperidine, ephedrine, amphetamines, 
methyl parafjmol, priscoline, brucine, and chloro- 
quin do not form a red complex with sulfuric acid. 

Generally barbiturates and ureides do not react 
with the acid to form colors but hexobarbital and 
cyclobarbital do produce an orange-brown to red- 
dish-brown color. 

For the clu-omatography procedure, many labo- 


Tablb I. — Typical Rf Values of Valajun and Some Common Drugs Using Three Different Solvent 

Mixtures 


Drug 

Color 

Isoamyl Alcohol 
Paper Impreg- 
nated with 
Glacial Acetic 
Add 

Cyclohexane 
Paper Impreg- 
nated with 
Glacial Acetic 
Add 

Isoamj’l Alcohol 
(Saturated with 
Cone. NHiOH), 
Cone. Ammonium 
Hydroxide, 3:1 v/v 

Valamin 

Yellow 

0.69 

0.65 

0.22 

Bromisovalum 

Pink-Red 

0.65 

0.69 

0.78 

Morphine 

Blue-Black 

0.42 

0.22 

0.80 

Dimenhydrinate 

Violet 

0.58 

0.29 

0.25 

Benadryl 

Violet 

0.58 

0 

0.21 

Meperidine 

Purple 

0.49 

0.19 

0.24 

Codeine 

Brown 

0.43 

0.21 

0.75 

Chloroquin 

Blue-Green 

0.15 

0.27 

0.24 

Chloropromazine 

Violet 

0.59 

0.19 

0.65 


Table II. — Color Reactions of Valamin in 
Concentrated Sulfuric Acid and Some Reagents 
(4) Using Sulfuric Acid as a Solvent 


Reagent 

Color 

After 

Heating 

liay 04 , cone. 

Orange 

Orange to 

Mecke 

Yellow 

Red 

Brown 

Marquis 

Brown 

Brorvn 

Froede 

Cherry-Red to 

Blue to 


Blue 

Green 

Rosen thaler 

Red 

Brown 

Erdman 

Colorless 

Colorless 

Mandelin (Vanallin- 

Brick-Red to 

Brown 

HjSOO 

dull-Orange 


Dimethyl amino- 

Orange-Red 

Blood-Red 

benzaldehyde 

MoUsch 

Brick-Red 

Brown 

Phenol-sulfuric acid 

Yellow 

Orange 


DISCUSSION 

In a number of cases in which several hundred- 
milligram quantities of Valamin were detected in 
the gastric contents, no substances which gave posi- 
tive reactions with sulfuric acid were located in the 


ratory alcohols were tested in various proportions 
with water in both acidic and basic media to obtain 
the best possible separation of Valamin from brom- 
isovalum and morphine. Alcohols which were em- 
pirically tested in various mi-xtures were methanol, 
ethanol, n-propanol, iso-propanol, n-butanol, iso- 
butanol, 7i-amyl alcohol, and iso-amyl alcohol. 
Other solvent mixtures contained acetone, chloro- 
form, ethyl acetate, pividine, propylene glycol, 
cyclohexane, benzene, and collidine. &hmall, et al. 
(6), introduced an elegant paper chromatography 
method by which organic bases were separated on a 
multibuffered paper. This laboratory has found 
this technique useful for the separation of morphine 
and codeine, but Valamin could not he immobilized 
in anj' of the buffer zones above pH 2.0. 

It was discovered that impregnating the paper 
with glacial acetic acid prior to irrigation provided 
clear, compact spots. Merely saturating a paper 
in an atmosphere of acetic acid, even for a twelve- 
hour period, was not comparable to the effect pro- 
duced by actually wetting the paper with the acid. 

A mixture of Valamin and bromisovalum proved 
to be verj’ difficult to separate as the two compounds 
seem to possess identical mobility patterns in nearly 
all of the solvent preparations tried except in a two- 
phase system of isoamyl alcohol and ammonia. 
Three solvent mixtures which gave the best separa- 
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tion of Valamin w'itli respect to eight other drugs 
are presented in Table I. The Rf values presented 
in the table do not imply that the various substances, 
including Valamin, listed herein can be identified 
by these values alone, inasmuch as the Rt differences 
are so small between certain compounds 

Fortunatel}' bromisovalum and Valamin each re- 
acted to ammoniacal silver nitrate with distinct 
colors (see Table I) Identification of drugs by the 
color of their spots on a chromatogram proved to be 
another useful criterion. 

The color development of Valamin with concen- 
trated sulfuric acid is extremely sensitive but not 
specific, however the results obtained from the chro- 
matography procedure were of aid in the elimination 


of the possible presence of the few compounds which 
produce colors similar to Valamin in sulfuric acid. 
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A Comparison of the Pharmacological Properties of 
Two Nitrated Cyclohexanols* 

By WILLIAM J. FLEMING, f EDWARD J. ROWE, and DONALD B. MEYERS 

The nitrate esters of two isomeric cyclohexanols, ;«eio-inositol and scyllitol, were 
prepared and their pharmacological effects studied. The compounds exhibited the 
typical organic polynitrate action of depressing smooth muscle when tested on vari- 
ous isolated tissues such as the rabbit intestine, guinea pig ileum, and rat and rabbit 
lungs. A typical vasodepressor action was obtained from anesthetized cats and 
rabbits. The acute toxicity of the nitrates was also determined. The results of this 
study showed the ;««o-inositol nitrate to be the more active of the two compounds in 
depressing smooth muscle of the organs studied. No species variation was noted. 


OiNCE THE INTRODUCTION of glyceryl trinitrate 
C' as a medicament nearly one hundred years 
ago, various organic polynitrates have been 
utilized as smooth muscle relaxants; however, 
relatively little is known regarding their mecha- 
nism of action. Since the compounds exhibit 
activity similar to the metallic and organic 
nitrites, it was postulated by Hay (1) and sub- 
stantiated by others (2, 3) that the organic 
nitrates were converted to nitrite ion in the blood 
and exerted their physiological actions by this 
mechanism. 

More recently, Krantz and co-workers, in a 
series of papers (4-7), offer evidence that the 
organic polynitrates act as intact molecules and 
not through hydrolj^sis and reduction to nitrite. 
This assumption is also held by Marshall (8). 

Thus far, little has been done in correlating the 
spatial configuration necessary to obtain maxi- 
mum depressor activity of the organic nitrates. 
It is known that methyl nitrate has little de- 
pressor properties while most of the active 
members of the series are derived from poly- 
alcohols. However, Marshall found that the 

* Received ^.pnl 16, IdoG, from Butler University College 
of Pharmacy, Indianapolis, Ind 

t Fellow, Amencan Foundation for Pharmaceutical Educa- 
tion, 1954—1955 


arrangement of the nitrate groups on a series of 
isomeric hexahydric alcohols did not appear to 
influence the activity of the compounds (8). 
In this study, a comparison of the relative 
potency of two isomeric nitrated cyclohexanols 
was undertaken. 

EXPERIMENTAL 

Preparation of the Nitrated Products of ineso- 
Inositol and Scyllitol. — The spatial configurations 
of the two isomers of inositol which were used in this 
study are given below (9). 


OH OH 



I 

OH 


jHcro-Inositol 

OH 



I 

HO 

Scyllitol 
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Inositol Nitrate. — mcso-Inositol nitrate was pre- 
pared by dissolving 5 Gm. (0.028 moles) of anhy- 
drous HiMO-inositol in 10 ml. (0.22 moles) of cold, 
fuming nitric acid. After complete solution was ob- 
tained, 10 ml. of fuming sulfuric acid was slowly 
added with constant stirring. During this time a 
white, magma-like mass formed. The temperature 
maintained throughout the synthesis was 0-5°. 
The precipitate was diluted with cold distilled water, 
filtered, washed thoroughly with cold water, and 
dried under a carbon dioxide atmosphere. 

The product, when recrystallized two times from 
a 2:1 v/v mixture of 95% ethanol and water and 
two times from benzene, melted at 119-121°* which 
is in agreement with that recorded for the hexani- 
trate. A yield of 31.6% was obtained. 

juero-Inositol nitrate is a fine, white, crystalline 
powder which decomposes readily in the dry form 
when exposed to the atmosphere at room tempera- 
ture. It is insoluble in water but is soluble in alco- 
hol, propylene glycol, acetic anhydride, and warm 
benzene. 

Anal. — Calcd. for CsHsNsOis: N, 18.67. Found: 
N, 17.48 (Kjeldahl). 

Scyllitol Nitrate.- — The nitrated product of scylli- 
tol was prepared by adding, with stirring, 4 Gm. 
(0.022 moles) of scyllitol to 10 ml. (0.22 moles) of 
fuming nitric acid. Upon standing, a white, 
magma-like mass formed which did not dissolve in 
the acid. Fuming sulfuric acid, 10 ml., was slowly 
added with constant stirring. The temperature 
was maintained at 0-5° throughout the procedure. 
The precipitate was diluted with ice water, filtered, 
washed thoroughly with cold water, and dried under 
a carbon dioxide atmosphere. 

The final product is a dense, white powder which 
melted at 123-125° with decomposition. A yield 
of 90.75% was obtained. It is insoluble in water 
and the common organic solvents. 

Ana/.— Calcd. for CeHcNsO.s: C, 16.01; H, 1.33; 
N, 18.66. Found: C, 18.05; H, 1.57; N, 15.84 
(Kjeldahl). 

PHARMACOLOGY 

Since the organic polynitrates exhibit relaxing 
actions on many organs containing smooth muscle, 
a pharmacological comparison of the two compounds 
was made by studying their relative effects on the 
vascular system, small intestine, uterine muscle, 
trachial chain, and isolated lung. 

In all studies except that of acute toxicity, the 
compounds were administered in a propylene glycol 
vehicle. jncro-Inositol nitrate was soluble in a con- 
centration of 10 mg./ml., while the scyllitol nitrate 
formed a uniform suspension. Acute toxicity stud- 
ies of both drugs were carried out with the com- 
pounds suspended in a 0.5% methylcellulose solu- 
tion. 

PERFUSION STUDIES 

Isolated Rabbit Intestine. — Randomly selected 
segments of small intestine from non-fasting, albino 
rabbits were isolated and suspended in water baths 
containing aerated Tyrode’s solution at a temperature 
of 37-38°. The volume of the bath was 100 ml. 


' The mcltins points were clcterniined with a Fisher-Johns 
apparatus. 


throughout the study. The free ends of the seg- 
ments were attached to lever-arms for kymograph 
recording. 

The results of this experiment showed that meso- 
inosotol nitrate, in doses of 0.5-1.0 mg., was active 
in lowering both the tone and amplitude of intestinal 
muscle while comparable concentrations of scyllitol 
nitrate exhibited little activity. 

The vehicle, propylene glycol, caused an immedi- 
ate slight fall in tone which was followed by an in- 
crease in tone and a decrease in amplitude when ad- 
ministered in doses of 3 ml. 

Antagonism Against Histamine Induced Spasm 
of Isolated Guinea Pig Ileum. — Ileal segments of 
nonfasting guinea pigs were isolated and suspended 
in a water bath containing aerated Locke-Ringer’s 
solution at a temperature of 37-38°. The bath 
volume was 100 ml. throughout the experiment. 
The system was organized for kymograph recording 
in the usual manner. 

After tracings of normal ileal movements were ob- 
tained, 0.1 ml. of histamine acid phosphate, 1:1000, 
was added to the preparation to produce an immedi- 
ate ileal spasm. The drug was left in contact with 
the tissue for two and one-half minutes. The seg- 
ment was then washed and the contractions allowed 
to return to normal. The same procedure was fol- 
lowed in subsequent trials, with the alteration that 
thirt 3 ' seconds after the dose of histamine acid 
phosphate, weso-inositol nitrate or scyllitol nitrate 
was added in varying concentrations. Their ef- 
fects of alleviating the spastic ileum were noted over 
a time interval of two minutes. 

It was determined by this study that meso- 
inositol nitrate was 1.46 times as active as scyllitol 
nitrate in doses of 1.5 mg., and 1.99 times as active 
in doses of 1.0 mg., in relaxing the spastic ileum after 
the addition of histamine. 

Guinea Pig Tracheal Chain. — The traclieae of 
two albino, female guinea pigs were used to prepare 
a chain according to the meth^od of Castillo and 
DeBeer (10). The chain w'as suspended in aerated 
Van Dyke-Hastings solution modified by the addi- 
tion of 0.05% dextrose. The bath was maintained 
at a temperature of 37-38° and a volume of 100 ml. 
throughout the experiment. 

Histamine acid phosphate, 0.5 mg., was added to 
the bath to cause a contraction of the chain. Neither 
of the compounds under study, in doses up to 3 mg., 
produced anj' antagonism to histamine induced 
tracheal spasm when administered before or after 
the histamine. 

Isolated Guinea Pig Uterus. — Uterine segments of 
nongravid guinea pigs were obtained and suspended 
in aerated Locke-Ringer’s solution at a temperature 
of 37-38°. The bath volume was 100 ml. 

Doses as high as 3 mg. of cither ?neso-inositol 
nitrate or scyllitol nitrate had no activity in relaxing 
the tissue or antagonizing contractions caused by 
posterior pituitarj', U. S. P., in concentrations of 
1 x 10 ’ units/ml. 

Isolated Lung Perfusion. — The lungs and trachea 
were removed from a rabbit or rat and placed on a 
T-tj'pe cannula. Modified Locke-Ringer’s solution 
was then perfused through the lung at a positive, 
constant pressure and a temperature of 37-38°. 
After expressing the residual air in the lungs through 
the sidearm of the cannula, the drugs were injected 
into the perfusion fluid at a rate of 1 ml./min. and 
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their actions in altering the rate of outflow were 
noted. 

It was found that tncro-inositol nitrate in doses of 
5 mg. and 10 mg. was active in increasing the lung 
outflow in the rat, but the results were not conclusive 
in the rabbit stud 3 '. Scyllitol nitrate was somewhat 
active in increasing outflow in both the rat and rab- 
bit; however, the compound was not as potent as its 
OTCiO-inositol isomer in duration of action or outflow 
when compared in equal doses on the isolated rat 
lung. 

BLOOD PRESSURE STUDIES 

Anesthetized Rabbit. — Six albino rabbits of 
either sex and weighing 3.5-4. 1 Kg. were anesthe- 
tized with urethane, 1.5 Gra./Kg., rectallj' and 
maintained throughout the experiment with intra- 
venous injections of secobarbital sodium as needed. 
The animals were prepared for blood pressure and 
respiration recording by cannulating the right com- 
mon carotid artery and trachea. All injections 
were introduced through the marginal ear vein. 

Both of the drugs were effective in lowering blood 
pressure in doses of 5 mg. (Table 1). The fall in 
blood pressure took place within ten seconds after 
the injection had begun and was accompanied by an 
increase in the rate and amplitude of respiration. 
Doses lower than 5 mg. produced rather transient 
depressions in pressure. The same general re- 
sponses were obtained after double vagotomy. 

Anesthetized Cat. — Three female cats weighing 
2. 1-2.9 Kg. were anesthetized with phenobarbital 
sodium, 175 mg./Kg., by intraperitoneal injection. 
The animals were prepared for blood pressure and 
respiratory studies in the usual manner. All in- 
jections were introduced through the left external 
jugular vein. 

The results of this study are essentially the same 
as observed in the rabbit and are tabulated in Table 
I. It can be seen that »»ejn-inositol nitrate is the 
more active of the two compounds from the stand- 
point of the amount of fall in pressure and duration 
of action. 


Table I. — Blood Pressure Study in the Cat and 
Rabbit 


Drug 

Dose, . 
mg. 

Av° Fall in 
Systolic B.P., 
mm. 

Rab- 
bit Cat 

Av.° Duration 
of Action, 
min. 

Rab- 
bit Cat 

m-Inositol 

Nitrate 

5 

23 


8.8 


Scyllitol 

Nitrate 

5 

19 


5.3 


m-Inositol 

Nitrate 

10 

32 

33 

9.G 

11 

Scyllitol 

Nitrate 

10 

21 

21 

6.6 

9 

m-Inositol 

Nitrate 

15 

30 

31 

5.1 

9.5 

Scyllitol 

Nitrate 

15 

19 

22 

6.2 

7.5 


° Av. in G rabbits and 3 cats. 


Acute Toxicity-Intraperitoneal LDio. — ^Albino 
mice, weighting 14-20 Gm., were injected intraperi- 
toneally with the drugs suspended in a 0.5% methyl 


cellulose solution. The test animals were placed in 
cages by dose and observed over a period of 72 
hours. 

The majorit}’’ of mortalities occurred after 24 
hours and before 48 hours. The only apparent toxic 
sign was a cyanosis seen in the tail four hours after 
injection. 

The LDso and standard error of the compounds 
was calculated by the method of Bliss (11). The 
LDso of jHcxo-inositol nitrate was found to be 0.957 ± 
0.057 Gm./Kg. The LDso of scyllitol nitrate was 
computed to be 1.267 ± 0.088 Gm./Kg. 

DISCUSSION 

The data obtained from the pharmacological com- 
parison of the nitrated products of wwo-inositol 
and scyllitol indicates that mero-inositol nitrate is 
the more active of the two compounds in relaxing 
the smooth muscle of the various organs studied 
from the standpoint of the amount of activity and 
duration of action. 

In comparing the relative potency of the two 
drugs, several factors should be considered: spatial 
relationships, solubility, and the degree of nitration 
obtained. 

It can be seen from the structural configurations 
that jncro-inositol has three adjoining hydroxyl 
groups on the same side of the plane of the cjxlo- 
he.\-ane ring, while the hydroxyl groups of scyllitol 
alternate above and below the plane of the ring; 
and therefore, none of the groups are directly adja- 
cent. As yet, the relationships necessarj’ for the 
organic polynitrates to e.xhibit maximum depressor 
activity is not known, but since methyl nitrate and 
ethjdene glycol dinitrate have little smooth muscle 
relaxant properties while activitj’' increases with 
higher members of the series, it may be possible to 
draw some correlation of activity with the number 
of adjacent nitrate groups on the molecule. 

Secondly, from the previously described physical 
properties of the two compounds, it is evident that 
scyllitol nitrate is generallj^ the more insoluble. 
This factor could well play a part in limiting the 
activitj’^ of the drug bj’ altering its contact and fixing 
abilities with the smooth muscle tissue. 

Although analytical determinations indicate that 
iHcsfl-inositol nitrate was more completely nitrated 
than the scyllitol derivative, the importance of this 
factor is not known; however, in most cases the 
pharmacological response produced bj' jncio-inositol 
nitrate could not be obtained with even twice the 
quantitj’ of scj'llitol nitrate. 
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Peristaltic-Stimulating and Fecal-Hydrating Properties 
of Dioctyl Sodium Sulfosuccinate, Danthron, and 
Cascara Extracts in the Mouse and Rat* 

By PAUL M. LISH and KENDRICK W. DUNGAN 


Utilizing the criteria of fecal-hydration and peristaltic- stimulation the potency and 
properties of Colace (dioctyl sodium sulfosuccinate), danthron N. F., and four 
cascara extracts were investigated in mice and rats. The results suggested that 
Peristim (Casanthranol), would be the most suitable peristaltic-stimulating agent as 
an adjunct to Colace therapy. Peristim was approximately 3 times as active as 
Cascara Sagrada Extract N. F. The peristaltic-stimulating action of Peristim was 
demonstrated in normal rats, in rats after postoperative intestinal stasis, and after 
ganglionic blockade. Peristaltic-stimulating properties could not be demonstrated 
for danthron in rats. Danthron and Peristim showed similar abilities to induce 
fecal-wetting in mice but this action of danthron, unlike that of Peristim, was strongly 
inhibited by ganglionic blockade. Colace was approximately 3.5 and 2.2 times as 
potent as Peristim in producing fecal-wetting in mice and rats respectively. The 
fecal-hydrating action of Colace was inhibited in the mouse and rat by chlorisonda- 
mine and atropine, but not by bile duct cannulation in the rat. As assessed by the 
mouse fecal-hydrating test, Peristim and Colace were additive while danthron and 

Colace were not. 


' I 'he oral administration of dioctyl sodium 

sulfosuccinate, Colace* to humans has been 
shotvn to cause effective fecal softening (1, 2) 
with otherwise negligible pharmacological effects 
(3). It has been suggested that in some patients 
a laxative agent with peristaltic-stimulating ac- 
tion would be a desirable adjunct to Colace ther- 
apy (2, 4). The ideal peristaltic stimulant 
should be effective in spite of a variety of normal 
or abnormal conditions interfering with the neu- 
ronal or muscular function of the intestine. Cas- 
cara sagrada or its various extracts have been 
credited with being among the most suitable of 
the stimulant laxatives showing a minimum inci- 
dence of griping and other side effects (5, 6). A 
water soluble, bitter free concentrate of the ac- 
tive laxative principles of cascara sagrada was 
developed by Lee, et al., and this substance, Peri- 
stim,- was reported to be approximately ten times 
as potent as whole cascara sagrada in humans (7). 

The purpose of the following studj^ was to ver- 
ify the relative poteney of cascara sagrada and 
Peristim and to examine some characteristics of 
Peristim, in mice and rats, in an effort to gain in- 
formation indicative of its utility as an adjunct 
to Colace therapy in humans. Danthron, N. F. 
(l-S-dilydroxyanthraquinone, ehrysazin) was 
similarly investigated. 

EXPERIMENTAL 

Materials. — Peristim and its fractions, the iso- 
propanol soluble Casanthranol B and the isopro- 

* Received Aucust 29, 1937, from the Mead Johnson Re- 
search Laboratories. Evansville, Ind. 

y Mead Johnson & Company trade name for dioctyl so- 
ditim sulfosuccinate. 

* Mead Johnson & Company trade name for a methanol 
extract of cascara sagrada Iiark. 


panel insoluble residue Casanthranol A, were sup- 
plied by S. B. Penick and Company. Danthron 
was in the form of the inicronized powder. Peristim 
and Casanthranol fractions A and B were admin- 
istered orally as solutions in distilled water. Cas- 
cara sagrada extract’ and danthron were suspended 
in 0.5% methylcellulose 400. The suspensions were 
passed through a hand homogenizer several times 
before use and stirred vigorously before each dose. 
Colace was administered as an aqueous solution and 
it was freely miscible with all agents; in fact, it im- 
proved the consistency of the cascara and danthron 
suspensions. In the synergism experiments Colace 
was added to the Peristim solution or danthron sus- 
pension. The charcoal mix employed in the rat 
intestinal-propulsion tests was 6% cliarcoal in 1% 
methylcellulose 400. 

The influence of several drugs upon the peristaltic- 
stimulating actions or fecal-hydrating properties 
was determined. The following drugs were chosen 
because of their ability to block histamine or various 
levels of the autonomic nervous system: atropine 
sulfate, chlorisondamine, phenoxybenzamine, me- 
probamate, and pyrilamine maleate. All these 
blocking agents were administered subcutaneously 
and, with the exception of meprobamate, were dis- 
solved in normal saline. Aleprobamate was dis- 
solved in 50% polyethylene glycol 400 and normal 
saline. The albino mice were all males of the Swiss 
Webster strain weighing between 18 and 25 Gm. 
Male and female rats of the Hamilton laboratorj’ 
stock (Wistar and Carworth Farm) weighing be- 
tween 150 and 250 Gm. were employed. 

Peristaltic-Stimulation Methods. — Propulsive 
rates of a charcoal mix were determined by the 
method of Macht (8). The charcoal mix was 
administered via stomach tube in a volume of 5 cc./ 
Kg. Preliminarj- experiments revealed that the 
maximum peristaltic-stimulating effect of either 
cascara sagrada or Peristim occurred at three to 


* Cascara sagrada extract N. F, used throughout this study. 
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four hours following oral administration There- 
fore, the charcoal mix ivas administered three hours 
and fifteen minutes after the drug and the rats uere 
sacrificed fortj -five minutes later Control animals 
recen ed the v'ehicle alone 

Peristim and its fractions (Casanthranol A and 
Casanthranol B) and cascara sagnda extract were 
compared for their propulsion stimulating effects 
bj using a self contained 4 point assaj in which 
there were 30 rats at each dosage le\el Pcristim 
was arbitrarily chosen as the standard The re- 
sults of the assay were evaluated as outlined by 
Smith and Vos (9) and Knudsen (10) 

The effect of Peristim on the rate of stomach 
emptjmg during the interval of three to five hours 
following its administration was determined by a 
modification of the method of Rejnell (11) Three 
hours after Peristim administration a solution of 
phenol red, 5 cc /Kg , was giv'cn via stomach tube 
and the homogenized stomach and contents aiialj zed 
for the d} e at 0, 30, 90 and 180 minutes The 
concentration of dj e at zero time less the concen- 
tration at the appropriate interval w as expressed as 
per cent of stomach emptying 

Postoperative intestinal stasis, as defined by a 
decreased propulsive rate of charcoal mix, was in- 
duced by opening the abdominal cavity under ether 
anesthesia and manipulating the contents m the 
same fashion in all rats The contribution of the 
operative procedure toward the decreased propul- 
sive rates observed was not determined Ether 
anesthesia alone was found to induce similar effects 

Fecal-Hydration Methods — The technique uti 
lizing an "all or none” response essentially as de- 
scribed by Miller ( 12) for mice w as used m both mice 
and rats Certain modifications suggested by Lou 
(13) were adopted as follows (a) the animals were 
observed for a period of two hours prior to dosing 
and those producing abnormally w et feces were dis- 
carded, (i) durmg the test observation period the 
animals were allowed free access to a special food 
consisting of equal parts of laboratory choiv and 
tap water Other modifications adopted involved 
the withdrawal of food, but not the water, three 
hours and eighteen hours before dosing the mice and 
rats, respectively An attempt w as made to achieve 
uniform hjdration of the animals by adjusting the 
concentration of the fecal hydrating agent so that 
upon dosing each animal received a water load, 
30 cc /Kg for the mice and 20 cc /Kg for the rats 
As described b\’ Miller (12) observations were made 
at appropriate hourly intervals and consisted merely 
of recording whether or not the feces of the mouse or 
rat were sufficiently moist to stain the absorbent 
paper inserted berween the wide mesh bottom of 
each mdiv idual cage Evaluations w ere made by 
the method of Litchfield and Wilcoxon (14) In all 
cases in which an “effective doseso” (EDso) was de- 
termined, there w ere 20 animals at each dosage level 
and at least 60 animals m each determination 

As a means of demonstrating not only the po- 
tenej but the speed of onset of the fecal wetting 
action, dose response curves were drawn and EDso 
v'alues determined, from the same mice, at the two- 
hour, five hour, and eight-hour periods, (Table II) 
In some experiments the abdominal cavity of rats 
was opened under ether or pentobarbital anesthesia 
and Colace was deposited, via hjpodermic sjringe, 
at various levels of the G I tract Such rats were 


returned to their individual cages above the ab- 
sorbent paper and the feces were examined in the 
usual manner 

RESULTS 

Penstaltic-Stimulating Effects — Rats. — In elev en 
groups of 20-30 rats each, it was found that con 
trols invariably propelled the charcoal mix so that 
the farthest point was a mean distance of 61 ± 3% 
of the total length of the intestine When the stiinii 
lated peristalsis produced by the drug cau'cd the 
farthest point of charcoal to he between the 65% 
and 85% level, there was an approximate!} linear 
log dose response relationship The cecum, which 
falls at about the 90% level, was a block to charcoal 
mov'ement and larger doses of drug would simpl} 
increase the percentage of animals in which the char 
coal had been propelled to the cecum 

The results of the assay, presented m Table I, 
show that cascara sagrada extract was about '/j 
as potent as Peristim or fraction A The possi 
bility was considered that the lower activity of 
fraction B might be due to the absence of some sus- 
pected synergistic substance which was possibly 
present in fraction A This was not the case since 
combining the two fractions jielded a mixture pos 
sessing onl} the algebraic sum of the tw o and not the 
activity of Peristim The increased propulsive 
rates seen in Peristim-treated rats w ere not due to an 
increased rate of stomach emptying for tests showed 
that such animals emptied phenol red from their 
stomachs at a slower rate than did controls 

Figure 1 shows graphically the ability of Pen 
stun to overcome postoperative intestinal stasis and 
antagonize the propulsion inhibiting effects of a 


Table I — Comparative Abilitv of Cascara 
Sagrada Extracts and Danthron to Stimulate 
THE Propulsive Rate of a Charcoal Mixture in 
Rats 






Relative 

Potency 


Oral 



% 

Laxative 

Dose 


Mean % 

± Std 

Agent 

ms /Ks 


of Travel 

Error 

Controls" 

V elude 

59 

4± 1 52 



only 




Peristim 

220 

70 

8 



480 

78 

5 

100 

Cascara sa- 

600 

70 

8 

37±3 3 

grada ex 
tract N F 

1310 

79 

1 


Casanthranol 

220 

69 

5 


A 

480 

82 

0 

108 ± 6 5 

Casanthranol 

480 

64 

0 


B 

1050 

77 

3 

34 ±2 1 

Mixture 50% 

220 

67 

2 

80 ±4 6 

Casanthranol 

480 

77 

3 


A&50% 
Casan- 
thranol B 





Danthron*' 

120 

58 

3 ± 1 94 



240 

63 

5 ± 1 7 

0 


480 

63 

2 ±2 5 



9G0 

62 

3 ± 1 3 



° Mean zt std error of GO animals 
6 Mean std error of 20 animals 
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(UG/KG) 


POST OPERATIVE 
RECOVERY 
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Fig. 1. — Effect of Peristim 240 mg./jECg. (striped 
area) and 480 mg. /Kg. (dotted area) on the de- 
creased propulsive rates induced by a ganglionic 
blocking agent or abdominal operation under ether 
anesthesia. Vertical bars indicate standard error 
oi the, meaw, 2Q rats, per group. 


ganglionic blocking agent. Peristim, in appropriate 
dosage, was able to decrease or completely overcome 
the inhibiting effect of chlorisondamine. The stim- 
ulating effects of Peristim were therefore considered 
to be largely independent of functioning intestinal re- 
flexes. Propulsive rates were measured in the dan- 
thron-treated rats at intervals varying from forty-five 
minutes to six hours following drug administration, 
but there was no evidence of peristaltic stimulation 
with doses as high as 960 mg./Kg. Colace in doses 
of 20 mg./Kg. to 100 mg./Kg. showed no significant 
effect upon propulsive rates. Colace at 200 to 400 
mg./Kg. tended to inhibit propulsive rates. 

Fecal Hydration — Mice. — A comparison of the 
ability of six agents to cause excretion of wet feces 
in mice is shown in Table II. In this test, as in the 
rat peristaltic-stimulating test, cascara sagrada 
extract was approximately Vs as potent as Peristim. 
The slower onset of action of the cascara extracts did 
not permit calculation of an EDso at the two-hour 
period following drug administration. The onset 
of action of danthron was somewhat more rapid 
than that of the cascara extracts but less rapid than 
that of Colace. Colace was about nine times as 
potent as cascara sagrada extract and three and one- 
half times as potent as Peristim. Only in the case 


of danthron did a dose response curve, at the eight- 
hour test period, deviate significantly (19/20 prob- 
ability) from parallelism with the Peristim curve. 
Comparison of the EDso of these two agents was there- 
fore less meaningful. Between the levels of 40% 
and 90% effectiveness, dantliron was respectively 
two and one-half times more potent and two and 
one-fifth times less potent than Peristim. 

In an experiment designed to detect addition of 
drug action (Fig. 2), the dose-effect curve for Peris- 
tim obtained from mice treated with Vs the EDso of 
Colace (0.5 Gm./Kg.) had essentially the same slope 
as that in mice not receiving Colace. A reasonable 
criterion for addition of effects was therefore that Vs 
the dose of Peristim required to produce an 80% 
effect in normal mice should produce the full 80% 
effect in such Colace-treated mice. Figure 2 
demonstrates that this was the case. The EDso 
expected for danthron in identical experiments was 
3.1 Gm./Kg. but that found was greater than 8.0 


95 

90 

80 

70 

60 

(-< 

o so 

III 40 

e. 


30 

20 

10 

5 

1 0 


0.5 1.0 20 3 0 4.0 5 0 

DOSE (GM./KG ) 

Fig. 2 — Mouse fecal-hydrating test, eight-hour 
test period. Dose effect lines of: Peristim in nor- 
mal mice O — O: Peristim in Colace-treated mice 
• — •: danthron in normal mice A — A; danthron 
in Colace-treated mice ▲ A. 



Table II. — Potency of Various Substances, Mouse Fecal-Staining Method 


Drug 

Peristim 
Casanthranol A 
Casanthranol B 
Cascara sagrada 
Danthron 
Colace 



EDjo Gro /K.S 
(19/20 Confidence Limit) 


slope 

Function 

"S.” 

8 Hr. 

2 Hr. 

— Aiiuc A'Obi uruK ' 

5 Hr 8 Hr. 

>4 0 

2 26 (1 9-2 69) 

2 10 (1 6-2 7) 

2 0 

>4 0 

1 76 (1 38-2 25) 

1 20 (0 98-1 46) 

2 3 

>4 0 

1 7 (1 13-2 55) 

1.10 (0 97-1.24) 

1 7 

>12.0 

5 2 (3 9-7 0) 

5 2 (3 9-7 0) 

3 2 

5 0(3.1- 

8 0) 1 6 (1 1-2 4) 

1 2 (0 6-2 4) 

7 3 

0.61 (0 47-0.8) 0 59 (0 45-0 77) 

0 59(0.45-0.77) 

1 8 


Potency Ratio 
Peristim = 1 
(19/20 Confidence 
limits), 8 Hr. 

1 0 

1 75(1.27-2.42) 
1 91 (1.44-2.54) 
0.41 (0.29-0.59) 
1.75 (0.74-3. 64) 
3.56 (2. 6-5.0) 
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four hours following oral administration There- 
fore, the charcoal mi\ was administered three hours 
and fifteen minutes after the drug and the rats were 
sacrificed forty five minutes later Control animals 
received the \ elude alone 

Pcnstim and its fractious (Casanthranol A and 
Casanthranol B) and cascara sagrada extract were 
compared for their propulsion stimulating effects 
b} using a self contained 4-pomt assay m which 
there were 30 rats at each dosage level Peristim 
was arbitrarily chosen as the standard The re- 
sults of the assay were evaluated as outlined by 
Smith and \ os (9) and Knudsen (10) 

The effect of Penstim on the rate of stomach 
emptjing during the interval of three to fire hours 
following its administration was determined by a 
modification of the method of Rejnell (11) Three 
hours after Penstim administration a solution of 
phenol red, 5 cc /Kg , was given via stomach tube 
and the homogenized stomach and contents analyzed 
for the dje at 0, 30, 90 and 180 minutes The 
concentration of dye at zero time less tlie concen- 
tration at the appropriate interval was expressed as 
per cent of stomach emptying 

Postoperative intestinal stasis, as defined by a 
decreased propulsive rate of charcoal mix, was in- 
duced by opening the abdominal cavity under ether 
anesthesia and manipulating the contents m the 
same fashion m all rats The contribution of the 
operative procedure toward the decreased propul- 
sive rates observed was not determined Ether 
anesthesia alone was found to induce similar effects 

Fecal-Hydration Methods. — The technique uti- 
lizing an “all or none” response essentially os de- 
scribed by Miller (12) for mice was used in both mice 
and rats Certain modifications suggested by Lou 
(13) were adopted as follows (a) the animals were 
obserted for a period of two hours prior to dosing 
and those producing abnormally wet feces were dis- 
carded, (6) during the test observation period the 
animals were allowed free access to a special food 
consisting of equal parts of laboratory chow and 
tap water Other modifications adopted involved 
the withdrawal of food, but not the water, three 
hours and eighteen hours before dosing the mice and 
rats, respectively An attempt was made to achieve 
uniform hjdration of the animals by adjusting the 
concentration of the fecal hydrating agent so that 
upon dosing each animal received a water load, 
30 cc /Kg for the mice and 20 cc /Kg for the rats 
As described by Miller (12) observations were made 
at appropriate hourly intervals and consisted merely 
of recording whether or not the feces of the mouse or 
rat were sufficiently moist to stain the absorbent 
paper inserted berween the wide mesh bottom of 
each individual cage Evaluations were made by 
the method of Litchfield and Wilcoxon (14) In all 
cases m which an “effective doscso" (ED50) was de- 
termined, there w ere 20 animals at each dosage level 
and at least 60 animals in each determination 

As a means of demonstrating not only the po- 
tency but the speed of onset of the fecal wetting 
action, dose response curves were drawn and EDso 
values determined, from the same mice, at the two- 
hour, five hour, and eight-hour periods, (Table II) 
In some experiments the abdominal cavity of rats 
w as opened under ether or pentobarbital anesthesia 
and Colace was deposited, via hjpodermic sjringe, 
at various levels of the G I tract Such rats were 


returned to their individual cages above the ab- 
sorbent paper and the feces were examined 111 the 
usual manner 

RESULTS 

Peristaltic-Stimulating Effects — Rats — In eleven 
groups of 20-30 rats each, it was found that con 
trols invariably propelled the charcoal mix so that 
the farthest point was a mean distance of G1 ± 3 % 
of the total length of the intestine Wlien the stiniii 
lated peristalsis produced by the drug caused the 
farthest point of charcoal to he between the 05% 
and 85% level, there was an approximately linear 
log dose response relationship The cecum, which 
falls at about the 90% level, was a block to cliarcoil 
movement and larger doses of drug would siniplj 
increase the percentage of animals m which the char 
coal had been propelled to the cecum 

The results of the assay, presented in Table I, 
show that cascara sagrada extract was about ‘/s 
as potent as Penstim or fraction A The possi- 
bility was considered that the lower activity of 
fraction B might be due to the absence of some sus- 
pected synergistic substance xvliich was possibly 
present m fraction A This was not the case since 
combining the two fractions yielded a mixture pos- 
sessing only the algebraic sum of the two and not the 
activity of Penstim The increased propulsive 
rates seen in Penstim treated rats were not due to an 
increased rate of stomach emptying for tests showed 
that such animals emptied phenol red from their 
stomachs at a slower rate than did controls 

Figure 1 shows graphically the abilitj of Peri- 
stiin to overcome postoperative intestinal stasis and 
antagonize the propulsion inhibiting effects of a 


Table I — Comparative Abilitv or Cascara 
Sagrada Extracts and Danthron to Stimulate 
THE Propulsive Rate or a Charcoal Mixture in 
Rats 







Relative 

Potency 


Oral 




% 

Laxative 

Dose 


Mean % 

=b Std 

Agent 

me /Kg 


of Travel 

Error 

Controls" 

Vehicle 

59 

4 ± 1 

52 



only 





Penstim 

220 

70 

8 




480 

78 

5 


100 

Cascara sa- 

GOO 

70 

8 


37 ±3 3 

grada ex- 
tract N F 

1310 

79 

1 



Casanthranol 

220 

69 

5 



A 

480 

82 

0 


108 ± 6 5 

Casanthranol 

480 

64 

0 



B 

1050 

77 

3 


34 ±2 1 

Mixture 50% 

220 

67 

2 


80 ± 4 6 

Casanthranol 

480 

77 

3 



A&50% 
Casan- 
thranol B 






Danthron'' 

120 

58 

3 ± 1 

94 



240 

63 

5± 1 

7 

0 


480 

63 

2 ± 2 

5 



900 

62 

3 ± 1 

3 



“ Mean db std error of GO animals 
b Mean =fc std error of 20 animals 
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chlorbondamine 

lUC/KS) 


POST OPERATIVE 
RECOVERY 
(HOURS) 


Fig. 1. — Effect of Peristim 240 mg./Kg. (striped 
area) and 480 mg./Kg. (dotted area) on the de- 
creased propulsive rates induced by a ganglionic 
blocking agent or abdominal operation under ether 
anesthesia. Vertical bars indicate standard error 
of the mean ; 20 rats per group. 


ganglionic blocking agent. Peristim, in appropriate 
(iosage, was able to decrease or completely overcome 
the inhibiting effect of chlorisondamine. The stim- 
ulating eSects of Peristim were therefore considered 
to be largely independent of functioning intestinal re- 
flexes. Propulsive rates were measured in the dan- 
thron-treated rats at intervals varying from forty-five 
minutes to six hours following drug administration, 
but there was no evidence of peristaltic stimulation 
with doses as high as 960 mg./Kg. Colace in doses 
of 20 mg./Kg. to 100 mg./Kg. showed no significant 
effect upon propulsive rates. Colace at 200 to 400 
mg./Kg. tended to inhibit propulsive rates. 

Fecal Hydration- — Mice. — A comparison of the 
ability of six agents to cause excretion of wet feces 
in mice is shown in Table II. In this test, as in the 
rat peristaltic-stimulating test, cascara sagrada 
extract was approximately ‘/j as potent as Peristim. 
The slower onset of action of the cascara extracts did 
not permit calculation of an EDso at the two-hour 
period following drug administration. The onset 
of action of danthron was somewhat more rapid 
than that of the cascara extracts but less rapid than 
that of Colace. Colace was about nine times as 
potent as cascara sagrada extract and three and one- 
half times as potent as Peristim. Onb' in the case 


of danthron did a dose response curve, at the eight- 
hour test period, deviate significantly (19/20 prob- 
ability) from parallelism with the Peristim cur\m. 
Comparison of theEDsoof these two agents was there- 
fore less meaningful. Between the levels of 40% 
and 90% effectiveness, dantlmon was respectively 
two and one-half times more potent and two and 
one-fifth times less potent than Peristim. 

In an experiment designed to detect addition of 
drug action (Fig. 2), the dose-effect curve for Peris- 
tim obtained from mice treated with Vs the EDso of 
Colace (0.5 Gm./Kg.) had essentially the same slope 
as that in mice not receiving Colace. A reasonable 
criterion for addition of effects was therefore that Vs 
the dose of Peristim required to produce an 80% 
effect in normal mice should produce the full 80% 
effect in such Colace-treated mice. Figure 2 
demonstrates that this was the case. The EDso 
expected for danthron in identical experiments was 
3.1 Gm./Kg. but that found was greater than 8.0 



Fig. 2. — Mouse fecal-hydrating test, eight-hour 
test period. Dose effect lines of: Peristim in nor- 
mal mice O — Ol Peristim in Colace-treated mice 
• — •: danthron in normal mice A- — A: danthron 
in Colace-treated miee A--- -A. 


Table II. — Potencv of Various Substances, Mouse Fecal-Staining Method 


Drug 

Peristim 
Casanthranol .-I 
Casanthranol B 
Cascara sagrada 
Danthron 
Colacc 



EDso Grn./Kc. 


Slope 


(19/20 Confidence Limit) 

Function 

2 Hr. 

— Time Post DruK Administration — * 

5 Hr. 8 Hr. 

“S," 

8 Hr. 

>4.0 

2.26 (1.9-2.69) 

2.10 (1.6-2. 7) 

2.0 

>4.0 

1.76(1.38-2.25) 

1.20 (0.98-1.46) 

2.3 

>4.0 

1.7(1.13-2.55) 

1.10 (0.97-1.24) 

1.7 

>12.0 

5.2 (3. 9-7.0) 

5.2 (3. 9-7.0) 

3.2 

5.0 (3.1- 

-8.0) 1.6 (1,1-2. 4) 

1.2 (0.6-2. 4) 

7.3 

0.61 (0.47-0.8) 0.59(0.45-0.77) 

0.59 (0.45-0.77) 

1.8 


Potency Ratio 
Peristim = 1 
(19/20 Confidence 
limits), S Hr. 

1.0 

1.75(1.27-2.42) 
1.91 (1.44-2.54) 
0.41 (0.29-0.59) 
1.75 (0.74-3.04) 
3.56(2.6-5.0) . 
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Gm./Kg. Although Colace depressed danthron 
activity at all dose levels, the depression was not 
statistically significant. 

Ganglionic blockade influenced the ED 50 of the 
agents as shown in Table III. The onset of posi- 
tive responses was not necessarily delayed in the 
chlorisondamine-treated mice but fewer animals 


Table III. — Effect of Subcutaneous Chlorison- 

DAMI.NE ADMINTSTRATI0N° ON THE FeCAL-HydRAT- 

iNG Effects of Several Agents in Mice 



8 Hr. 

EDio ^vith chlorisondamine. 

Drug 

EDso without chlorisondamine 

Peristim 

1 7 

Casanthranol -A. 

1 7 

Casanthranol B 

1.8 

Danthron 

> 6.0 

Colace 

> 6.0 


^ Chlorisondamine administered, in a dose of 0 8 
one hour after oral administration of fccal-hj-’drating agent. 


responded. The highest dose of danthron used, ap- 
proximately six times the ED50. was effective in 
only 40% of the animals. Colace was completely 
without effect, even after twenty-two hours, in 
doses as high as six times the EDso. Chlorisonda- 
mine-inhibition of Peristim was mild suggesting that 
the ability of Peristim to induce fecal-hydration was 
largely independent of nertmus reflexes. Data in 
Table IV demonstrate that atropine was also in- 
capable of altering the fecal-hydrating action of 
Peristim. 

With regard to the fecal-hydrating action of 
Colace, the blocking effect of atropine or chlorison- 
damine was verj’ evident (Table IV). The effect 
of the adrenergic blocking agent was weak and 
questionable. The dose of meprobamate was re- 


sponsible for severe and prolonged paralytic symp- 
toms in the mice, but the animals were capable of 
righting themselves at all times. The blockade of 
the fecal-hydrating activity of Colace appears to be 
at the cholinergic smooth muscle receptor sites or the 
parasympathetic ganglia of the enteric plexus. The 
hemodynamic effects produced by the sympathetic 
ganglion blocking action of chlorisondamine would 
not appear to be essential for blockade of Colace 
action. 

Fecal-Hydration — Rats. — The fecal-hydrating 
effects of Colace in normal, bile duct-cannulated, 
and chlorisondamine-treated rats are shown in 
Table V. Colace was effective in rats in doses about 
V. as small as those required in mice. 

In the rats, as in the mice, chlorisondamine was a 
potent inhibitor of Colace activity. This ganglionic 
blocking agent could prevent or greatly delay the 
effects of Colace even when the latter was deposited 
in the proximal colon. That a continual source of 
bile was not necessary for Colace activity was shown 
in the rats with bile duct cannulae. 

An e.xperiment was conducted in which rats re- 
ceived either with or without a standard dose of 
Colace, dried whole o.x bile, pancreatin, or a com- 
bination of bile and pancreatin. These substances 
did not alter the response of the rats to Colace and 
had no apparent effect when administered alone. 

The results of the fecal-hydration studies of Peris- 
tira in normal rats appear in Table VI. The attain- 
ment of a near maximal response in rats was some- 
what slower than in mice but Peristim was about 10 
times more effective in rats than in mice. 

DISCUSSION 

The fecal-hydration test in the mice and the peri- 
staltic-stimulation studies in rats show Peristim to be 
2 5 to 3 times as potent as cascara sagrada extract. 
Since one gram of the extract represents three grams 
of the whole bark, the experimental results agree well 
with the clinical impressions (7) that this sub- 


Table I\'. — Effect of A'arious .\gbnts on the Fecal-Hyprating .-Vction of Peristim and Colace in 

THE Mouse 


Fecal- 

Hydrating 

Agent 

Peristim, 4.0 Gm./Kg. 
Oral 


Colace, 1.0 Gm./Kg. 
Oral 


Drug 

mg./Kg. 

Time of 

AdOJioistration® 

(Minutes 

Postfecal-Hydrating 

Agent) 

— Positive Respodse/No, 

1 Hr. 5 Hr. 8 Hr. 

Tested — • 
22 Hr. 

H.O controls 

30 ml. 

60 (10 ml./Kg.) 

0/20 

17/20 

20/20 

20/20 

-Atropine sulfate 

12 

120 (10 ml./Kg.) 
ISO (10 ml /Kg.) 
60 (4 mg./Kg.) 

0/10 

8/10 

9/10 

9/10 

Atropine sulfate 

K O controls 

36 

10 ml. 

120 (4 mg./Kg.) 
ISO (4 mg./Kg.) 

60 (12 mg./Kg.) 
120 (12 mg./Kg.) 
ISO (12 mg./Kg.) 
10 

0/10 

6/10 

8/10 

7/10 

10/10 

7/10 

10/10 

7/10 

Atropine sulfate 

1.0 

10 

3/10 

3/10 

3/10 

5/10 

-\tropine sulfate 

SO 

10 

0/10 

0/10 

1/10 

2/10 

Chlorisuiidamiiie 

0.1 

10 

3/10 

3/10 

3/10 

5/10 

Chlorisondamine 

0 8 

10 

0/10 

0/10 

0/10 

0/10 

Phenozvbenzamine 

1.0 

10 - 

8/10 

8/10 

8/10 

8/10 

Phenoxvbenzamine 

10.0 

10 « 

2/10 

.5/10 

5/10 

5/10 

ileprobamate 

150.0 

10 

1/10 

3/10 

3/10 

3/10 

Pyrilamine maleate 

2.0 

10 

9/10 

9/10 

9/10 

9/10 


Phenoxybenzamine administered 10 minutes before Colace. 
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stance was about 10 times as potent as whole cas- 
cara sagrada. 

Although Peristhn and danthron appear to have 
approximately equal ability to produce soft hydrated 
stools in the mouse, this work clearly indicates that 
the actions of the two substances are not identical 
The dose-response curves markedly deviate from 
parallelism in the mouse fecal-hydration test; 
danthron lacks the peristaltic-stimulating effects 
of Peristim in the rat, and danthron is much more 
susceptible than Peristim to inhibition bj' ganglionic 
block in the mouse 


lionic block or intensive anticholinergic treatment 
The results suggest that, in the human, Peristim 
would be a reliable peristaltic-stimulant even in 
cases of hypomotility induced by operative proce- 
dures, anticholinergic, antispasmodic, or hypotensive 
therapj’’. 

Colace was demonstrated to be a ver 5 ' effective 
fecal-hydrating agent in both the mouse and rat. 
Its action was susceptible to inhibition and the results 
suggest that, in the human, natural or induced con- 
ditions associated with decreased intestinal activity 
and autonomic neuronal transmission may interfere 


Table V. — Fecal-Hydrating Action of Colace Administered at Various Levels of the G.I. Tract 
OF the Rat; the Effect of Bile Duct Cannulation and Ganglionic Block 


Positive Response 



Site of 

Administration 

No. Treated 

/ — (Hours Post Colace Administration) — s 

Condition of Rats® 

of Colace^ 

1 

3 

5 

8 

22 

Normal 

Oral 25 mg./Kg. 

0/20 

1/20 

1/20 

3/20 


Normal 

Oral 50 mg./Kg 

0/20 

1/20 

3/20 

5/20 


Normal 

Oral 100 mg./Kg. 

0/20 

7/20 

12/20 

13/20 


Normal 

Oral 200 mg /Kg 

2/20 

18/20 

18/20 

19/20 


Normal 

Jejunum 

9/10 


9/10 


9/10 

Normal 

Bile duct cannulated (pentobarbital 

Jejunum (water only) 

0/10 


0/10 


0/10 

anesthesia) 

Jejunum 

6/10 


10/10 


10/10 

Chlorisondamine treated' 

Jejunum 

0/10 


0/10 

0/10 

9/10 

Normal 

Proximal colon 

6/8 


8/8 

8/8 

Normal 

Proximal colon (water only) 

0/9 


0/9 


0/9 

Chlorisondamine treated' 

Proximal colon 

0/10 


0/10 

0/10 

10/10 


Exclusive of operation necessary for Colace administration, this was always done under ether anesthesia unless other- 
wise speafied 

b Colace given in dose of 0 2 Gtti /Kg unless otherwise specified 
0 Subcutaneous administration of 0 8 mg /Kg at the time of Colace administration 


Table VI — Fecal-Hydration Test in Rats, 
Effect of Peristim 



Positive Response/ 


Oral Dose 


Total Rats 

8 hr 

Peristim, 

Hr Post Peristim Admin 

ED»o. 

Gm /Kg 

4 

5 

s 

Gm /Kg 

0.125 

2/20 

3/20 

8/20 


0.25 

1/20 

5/20 

12/20 

0 175 

0 5 

3/20 

8/20 

17/20 


1.5 

7/20 

14/20 

19/20 



The peristaltic-stimulating effects and stool 
softening effects of Peristim were very dependable. 
Peristim was shown to counteract the peristaltic- 
inhibiting effects of chlorisondamine and abdominal 
surgery under ether anesthesia. Large amounts of 
atropine were incapable of significantly altering the 
fecal-hydrating effects of Peristim in mice. It 
appears that there are at least two components in 
the total action of Peristim: (a) a reflex independent 
peristaltic-stimulating effect and, (6) a fecal- 
hydrating action which proceeds in spite of gang- 


with its effectiveness In such cases the addition of 
a drug with the properties of Peristim would appear 
to be indicated. The usefulness of danthron as an 
additive agent would seem limited since it lacks the 
peristaltic-stimulating effects of Peristim and, like 
Colace, its fecal-hydrating effects are inhibited 
strongly by a ganglionic blocking agent. 
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Investigation of Drug Release from Solids II.* 


Theoretical and Experimental Study of Influences of Bases and 
Buffers on Rates of Dissolution of Acidic Solids 

By W. I. HIGUCHI, EUGENE L. PARROTT.f DALE E. WURSTER, and T. HIGUCHI 


A theory is presented which describes the rate of dissolution of solids in basic and 
buffered media. The formulation is based on the Nernst-Briinner film model as- 
suming a solution diffusion controlled process. Useful expressions are obtained 
which give relative dissolution rates as functions of the primary variables. Results of 
calculations predict that for a solid weak acid dissolving in an aqueous basic solu- 
tion, the rates of dissolution become essentially independent of the strength of the 
base above certain values. In the region where it is independent of the base strength 
the rate is a linear function of the product of the base concentration and the base 
diffusion coefficient. The theoretical conclusions are satisfactorily substantiated by 
experiments on the rates of dissolution of benzoic acid in basic media of varying 
strength and diffusivities. The following bases were used as additives: sodium 
hydroxide, sodium bicarbonate, sodium tetraborate, disodium phosphate, sodium 
acetate, and ethanolamine. Studies were also carried out with added swamping elec- 
trolyte. It was found that the rates of dissolution in varying concentrations of so- 
dium chloride in neutral solutions can be largely explained by the salting out effects 

of the electrolyte. 


Tt IS OF IMPORTANCE both to the manufacturer 

and the administrator of pharmaceutical 
dosage forms to clearly understand the funda- 
mental factors which influence the rate of disso- 
lution of drugs. The kinetics problem of a sub- 
stance dissolving in a nonreacting medium is rela- 
tively well understood (1-6). As physiological 
conditions are, more often than not, somewhat 
removed from neutrality, it is highly desirable to 
establish the primary effects which basicity and 
acidity induce on the dissolution rates of an aci- 
dic or basic substance. Furthermore, it is de- 
sirable to examine the influence of a neutral salt 
upon the dissolution rates in both neutral and 
reactive media. 

King and Brodie (7) and Hixon and Baum (8) 
have reported results on the dissolution rates of 
benzoic acid in dilute aqueous sodium hydroxide 
and potassium hydroxide. They have satisfac- 
torily explained their data on the basis of the 
Nernst-B runner two film model of diffusion con- 
trolled kinetics. Their theory can be described 
as shown in Fig. 1. It is assumed that there ex- 
ists an effective liquid film between the surface of 
the benzoic acid solid and the stirred bulk solu- 
tion. At the solid-film interface the film is satu- 
rated with benzoic acid. The diffusion of benzoic 
acid through this film of thickness s: -H y is solely 
responsible for the rate of dissolution. Linear 
concentration gradients of all species as shown in 

* Received August 26, 1957, from the School of Pharmacy, 
Um\ersity of Wisconsin, Madison, Wis 

The paper is based on a dissertation submitted by Eugene 
L Parrott to the Graduate School of the University of Wis- 
consin in partial fulfillment of the requirements for the 
degree of Doctor of Philosophy 

t Fellow, American Foundation for Pharmaceutical Edu- 
cation. Present address College of Pharmacy, University 
of Nebraska, Lincoln, Nebr. 


Fig. 1 are assumed to exist in this film. The 
rate of dissolution then is proportional to the 
slope of the (JIA) line. 



Fig 1. — Concentration profiles during the dissolu- 
tion of benzoic acid in aqueous sodium or potassium 
hydroxide solutions The film thickness is K -f Y. 


It is dear that this picture neglects the effects 
of the base strength of the medium and the dif- 
fusivities of the reaction products. Moreover, 
it assumes that all of the reaction occurs at the 
plane where the reactants “meet,” disregarding 
the possibility of neutralization elsewhere. Al- 
though such a model explains well systems in- 
volving a reaction equilibrium which lies very far 
to the right, it is expected to fail for the general 
case. It is one of the intents of this research to 
provide a general theory, substantiated by experi- 
ments, which includes the influence of the equilib- 
rium constants among the factors considered. 

The studies reported here are limited to the 
kinetics of the process: Weak Acid (solid) — >■ 
Solution. The general conclusions however may 
be extended and applied to any problem in which 
the process is diffusion controlled in the solution 
phase. 
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THEORY 

The formulation is based on the Nernst-Briiniier 
model (9) of a diffusion controlled process in the 
solution phase. It is assumed that the effective 
liquid film concept of representing mass transfer is 
applicable. The thickness of this film is assumed to 
be independent of the diffusivities at constant 
stirring rates, viscosit5% and geometrj' of the S3'S- 
tem, and the diffusion coefficients arc assumed to 
be independent of concentration. Furthwmore, 
all chemical equilibria are assumed to be rapid com- 
pared to diffusion. 

For the problem of the rate of dissolution of a solid 
weak acid. HA, in a solution of an ionic base B~ the 
important chemical equilibrium is 

HA +B-^A~ + HB 
where as usual 

I- _ (.A ~) (HS) yj-y/fn 

K„a^ (,HA){B~) y„AyB- 

is the thermodj’namic equilibrium constant. (S) is 
the concentration of species 5 and ys is the activity 
coefficient of S. The function K 


■ ■YWa- (^-) {HA) 
° 7A'7Ha {HA] (B~) 


(Eq. 1) 


then is the concentration equilibrium constant. 

Fig. 2 describes qualitatively the steady state 
situation. 



X — ^ 


Fig. 2.— Concentration profiles during the dissolu- 
tion of a weak acid, HA, in aqueous ionic base. The 
film thickness is /t and B~ is the base ion. 


Hence = ijij = (^5 = = 0. Equation 3 means 

that for a given amount of reaction of HA and B~ 
in anj' volume element, equivalent amounts of HB 
and A ~ are produced. <6 then is the rate of neutral- 
ization per unit volume. 

The solutions to Eq. 3 obtained by integration are 


where the C's are the integration constants. The 
boundary conditions at x = h are by material 
balance. 


r..d(S-) ^ _d{A-) 

^Db -JT 

Therefore, 


Dhb 


d{HB) 

dx 


(Eq. 5) 


At X = 0, {HA) = {HA)„ {HB) = 

(HB)., {A -) = {A -)., and (B ") = (B -).. (Eq. 2A ) 


At X = h, {HA ) = {HA )a, {HB) = {HB)k, {A ") = 
(A-)a, and (B-) = (B")*. (Eq. 2B) 


For the stead}' state case of the one dimensional 
problem, the application of pick’s law (10) leads to 
the following set of equations: 


d{HA) 

dl 

d{HB) 

dl 


VUA + 01 = 0 

- 1-01 = 0 


d{A-) 

dl 


Da- 


dKA-) 

<f.v= 


■4- 01 = 0 


Cl = Cl = 0 

Also by material balance it is evident that 

Therefore, Ci is the rate of dissolution of HA per 
unit area of the film. 

Now the integration of Eq. 4 with Ci = Q = 0 
yields 

Db~{B~) — -'Ha"(A“) -1- Li (Eq. 7) 
Db-{B-) = -D,ib{HB) + U (Eq. 8) 
■Db~{B-) = DnA{HA) ■+- C.Y -f L, (Eq. 9) 


d{B-) 

dl 


Vb- 


dKB-) 

dx^ 


d- 0< 


= 0 


where Li, Z.;, and Bj are integration constants. 

By applying the boundary conditions Eq. 2b i, 
and /.» are evaluated : 


Ds is the diffusion coefficient of species 5 in the 
system. The 0's are the source or sink functions. Bi ~ Db~{B')>, + Ha~{A ~)i, 

For proper material balance 

= Db-{B-), + DMHB), 
dx‘ 

n. d’{A~) _ _ d-(S~) Combining Eq. 7, Eq, 8, and Eq. 1 and solving for 

d.v> - - dx^ Dj,-(B-) one obtains 


Db~{B~) ~ BA d~ DiriiDA~K{HA) ± nHg~(Bi -1- L^) -F DjibBa~K{HA)]^ — 4XiZ,;DB~-]r'- 

TlDjr 
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vliich Mhen combined i\ith Eq 9 at X = 0 3 ields 
the expression for L, Noi\ taking this expression 
for Lz and soh ing for Ci emploj mg Eq 9 at X = A 
results m the final expression 

^ Db{B-)k-Dha{HA)h + D„a{HA)o 
~ h ~ 


Let us non ascertain the K values uhich Mould 
permit the use of Eq 13 or 14 and 15 as sufficient 
approximations saj to about 1% of Eq 10 and 12 
Since onlj approximate magnitudes arc desired, all 
diffusion coefficients are assumed to be equal 


Db (Ai + Lz) + DiibOa MHA), ± [[Db (Li + L-) + Dj,bDa K(HA)o]‘ - ALzLzDb-^^'- 

(Eq 10) 


In a similar manner the problem may be solved for 
the analogous situation involving the nonionic equi- 
librium 

Ko 

HA + HAB 


where similarh 


Also taking (A”)/, = {HB)h = (HA)h = 0, eq 10 
reduees to 


^ D{HA), 

“ ~r~ 


DK{HA)o DK(HA)„ 
2h 2h 



4{B-), Y' 

K{HA)J 


(Eq 16) 


^ { HAB)y BAB __ LyHAB /p , x 
“ (HA)(B)y„AyB ~ yn Ay B ^ ^ 

The rate of dissolution per unit area of a solid HA in 
a solution of the base B ma 5 be show n to be 


Expansion of the square root term to three terms 
and neglecting the other gives 


^ DiHA), , D(B-)b 

Li T. r 7 


2D{B-)k- 

Kh(HA), 


(Eq 17) 


Di,a{HA)a - D„i{HA)K DbW 

h h 


For Eq 14 to approximate Eq 10 to about 1% it is 
seen that K must be 


^(HA)oDhibL. + Db 


1 

(H 4)iDi!abK -f- Db 


) 


(Eq 12) 


w here IF is a constant 

IF = -D,ub(HAB)h - Db(B)h 

and K is defined bj Eq 11 

MTien the base maj react with tw o or more acid 
molecules or when more than one base is present, 
the problem becomes somewhat more algebraically 
unwieldy but the general treatment is essentiallj' the 
same as that for the simpler cases The appendix 
discusses the problem of HA (solid) dissolving in the 
presence of a diacidic base 

It can easilj be shown that Eq 10 and 12 reduce 
to their expected expressions m the limits 

K-^0 


and 


K > 10=, %i{HA), = (B-)h 

K> 2 X 10’. if W(HA), = (B-)h 

K> 2 X lOS If 100 (HA)o = {B-)h (Eq (18) 


It is found with the aid of eq 16 that for Eq 13 to 
approximate Eq 10 to about 1% X must be 


K< 10-' if (HA), = (S-)j 

X < 10-’ if 10(XA)„ = (B-)k 

X < 10-’ if 100(XA)„ = (B-)k (Eq 19) 

Let us now examine eq 12 and decide how large X 
must be m this case for Eq 15 to approximate 
Eq 12 Assume again that Dha = Db = Dhab = D 
and that {HAB)h = (HA)h = 0 It is seen from 
eq 12 that A must be 


X > 


10 ’ 

(XA). 


(Eq 20) 


m order that the approximation be good to 1% 
Also for the nonionic base X must be 


X 

Where X is a erj small both Eq 10 and 12 is ap 
proximated b 5 

G = - I^ha(HA\ 

Where X is \ er\ large Eq 10 and 12 reduce to 
^ Dha{HA), - D„A{HA)k + Db-{B-)h 

t-i — ^ 

(Eq 14) 

and 

^ Dha(HA)o — DjiA(HA)h 4- DB(B)h 

Cl — j (Eq 15) 


X < 1 for (B)k = (XA)„ 

X < 10-' for (B)h = lQ(HA)o 
X < 10-’ for {B)h = 100(XA)„ 


(Eq 21) 


in order that the base not influence the dissolution 
rate to more than about 1 % 

As a numerical example, ionic bases having a Kb 
greater than about lO”’ will influence the rate of 
dissolution of benzoic acid (Ka = 6 X 10“’) es 
sentialh independenth of their strengths Non 
loiiic bases having Kb greater than about 10“® will 
also act independentlv of their strengths on ben 
ZOIC acid dissolution rates The abo\ e calculations 
refer to nonoacidic bases, of course 


EXPERIMENTAL 


respective!} Equations 14 and 15 predict linear 
concentration gradients in the film for both acid and 
the base These would form the basis of the theory 
applied b\ King and Brodie (7) and Hixon and Baum 
(8) to their data 


In order to test the theoretical conclusions of the 
preceding section, experiments were carried out 
on the rates of dissolution of benzoic acid in the 
presence of v arious alkaline additives with and with- 
out added inert electrol} te The choice of tlie alka 
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line substances were based on several factors: 
desirability of i\ ide ranges of base strengths, types, 
and diffusivities The purpose of the added neutral 
eleetrolyte uas to determine the nature and the mag- 
nitudes of the salt effects It was expected that the 
electrical effects of the electrolyte would modify 
the diffusion rates of the ionie species (11) 

Apparatus and Procedure. — The apparatus and 
method have already been described (3). The 
rates at 25° were determined from both the radius 
and u eight measurements. Two liters of various 
eoncentrations of sodium hydroxide, disodium phos- 
phate, sodium bicarbonate, sodium aeetate, sodium 
tetraborate, and ethanolamine i\ ere used as solvents 
uith and vithout 0 75 AI sodium ehloride as an 
additive Experiments were also carried out in pure 
sodium chloride solutions 


RESULTS AND DISCUSSION 

The results are summarized in Tables I, II, and 
III and in Figs 3 to 9 


Table I. — Rate op Dissolution of Benzoic Acid 
IN Sodium Chloride Solutions 


Rate, 

Gm cm “2 

Cone NaCl, 

Solubility, 

Hr 

MA- 

M/L 

0 0426 

0 00 

0 0285 

0 0414 

0 154 

0.0281 

0 030 

0 75 

0 0203 

0 0274 

1 008 

0 0188 

0 0218 

1 545 

0 0155 

0 0102 

3 09 

0 0082 

0 0044 

4 635 

0 0042 



0.10 0.20 
MOLES/ilTER 


Fig 3 — .\ plot of the dissolution rate vs the solu- 
bility of benzoic acid in NaCl solutions of various 
concentration (See Table I) 


Rates in Pure Sodium Chloride Solutions. — 
For the discussion and later calculations, the value 
of h, the film thickness, is now determined. The 
dissolution rate of benzoic acid in pure water under 
the conditions of these experiments is 0 0426 Gm. 
cm hr.“' (3). The solubility of benzoic acid in 
pure water is 0 0285 ill Taking the value for the 
diffusion coefficient of benzoic acid in pure water 
measured by King and Brodic (7), P 12 . = 1.11 X 

10“® cm - sec one obtains, using Eq 13, 

k = 328 X 10-» cm. 

From the slope of tlie apparentlj- linear plot of 
Fig 3 and Eq 13 the diffusion coefficient of benzoic 


Table II — Rate of Dissolution or Benzoic Acid 
Tablets in Various Concentrations or Some 
Alkaline Substances 




-Rntp 

Concentration, 

Radius 


Weight 

Aloles/Liter 

Method 


Method 


For NaOH 



0 0125 

0 070 


0 072 

0 0312 

0 139 


0 135 

0 0625 

0 250 


0 243 

0 125 

0 455 


0 444 

0 222 

0 732 


0 732 

0 250 



0 871 


For CHjCOONa 



0 013 

0 057 


0 059 

0 015 

0 055 


0 056 

0 050 

0 090 


0 092 

0 052 

0 100 


0 096 

0 10 

0 127 


0 130 

0 15 

0 160 


0 158 

0 20 

0 177 


0 183 

0 25 

0 206 


0 204 

0 25 

0 195 


0 204 

0 33 

0 213 


0.227 


For Na:HPO, 



0 0113 

0 058 


0 060 

0 05 

0 107 


0 111 

0 10 

0 167 


0 169 

0 113 

0 188 


0 190 

0 20 

0 273 


0 290 

0 25 

0 344 


0 363 


For NasBiOr 



0 01 

0 069 


0 070 

0 05 

0 179 


0 184 

0 10 

0 315 


0 339 

0 12 

0 336 


0 396 

0 15 

0 443 


0 474 


For NaHCO, 



0 025 

0 060 



0 05 

0 077 



0 10 

0 100 



0 15 

0 107 



0 20 

0 110 



0 20 

0 123 




For Ethanolamine 


0 02 


0 

070 

0 032 


0 098 

0 05 


0 

124 

0 089 


0 

184 

0 158 


0 291 

0 206 


0 384 

0 275 


0 

471 
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Fig 4 — The rate of dissolution of benzoic acid 
in sodium hydroxide solutions 



holes/liter 

Fig. 5 — The rate of dissolution of benzoic acid in 
sodium tetraborate solutions 


acid in sodium chloride solution is obtained, viz. 
DnA = 1.16 X 10“® cm.^ sec.~’. The linearity of 
the plot and the relativelj' close agreement of the 
diffusion coefficients over a wide range of sodium 


chloride concentrations may be ascribed to: the 
validity of Eq. 13 and the diffusion coefficient of 
benzoic acid being relativelj' constant over the range 
of 0 to 4 M sodium chloride. Since the decrease in 
solubility is due to the salting-out effect of the elec- 



holes/liter 

Fig 6 — The rate of dissolution of benzoic acid in 
sodium bicarbonate solutions. 



HOLSS/LIIE'l 

Fig 7 — The rate of dissolution of benzoic acid in 
disodium phosphate solutions. 



Fig. 8 — The dissolution rate of benzoic acid in 
aqueous sodium acetate (B)j is the sodium acetate 
concentration. 
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HOLES/LtTCP 


Fig. 9. — The rate of dissolution of benzoic acid in 
ethanolamine solutions. 


Table III. — ^Rate and Concentration of A.eka- 
LiNE Ionic Substance in the Presence of a 
Swamping Electrolyte (0.75 M NaCl) 


Concentration, 


^loles/Liter 

Rate 


For NaOH 


0.015 


0.078 

0.03 


0.147 

0.05 


0.227 

0.07 


0.298 

0.10 

For CHjCOONa 

0.413 

0.015 


0.045 

0.05 


0.077 

0.10 


0.103 

0.15 


0.124 

0.20 


0.151 

0.25 

For Na,HP 04 

0.168 

0.01 


0.041 

0.05 


0.087 

0.07 


0,118 

0.10 


0,143 

0.15 

For NajBiOr 

0.204 

0.01 


0,055 

0.05 


0.153 

0.06 


0.173 

0.075 

For Ethanolamine 

0.222 

0.024 


0.066 

0.052 


0.117 

0.085 


0.160 

0.156 


0.278 

0.242 


0 418 


I 

I 

trolyte, it can be said that the influence of sodium 
chloride on the dissolution rate of benzoic acid 
under these conditions is almost wholly explained 
by this salting out effect. 

Linear and Nonlinear Increase of Rates with 
. Base Concentrations. — Except for Figs. G and 8 
, which are plots of the rates in sodium bicarbonate 


and sodium acetate respective^’, all plots are es- 
sentially straight lines. For these the linear ex- 
pressions Eq. 14 or 15 are applicable, i. e., their 
respective K values are sufflciently great so that the 
approximate expression suffices. The K values are: 
6 X 10® for sodium hydroxide, 1 X 10® for boric 
acid, 1 X 10’ for disodium phosphate (reaction with 
one hydrogen equivalent), and 2 X 10’ for etlranol- 
amine. All meet conditions Eq. 18 or 20. For 
these substances the rate of dissolution of benzoic 
is uninfluenced by their base strengths. 

A calculation will show that the reaction equilib- 
rium 

HA 4- H^.POr ^ HzPOi + A- 

where HA = benzoic acid, is always far to the left 
throughout the film. As the benzoate ion concen- 
tration is relativel}’ large, the ratio H 2 POi/H^POi~ 
is nowhere greater than about 1%. Hence for 
benzoic acid dissolution, under the conditions of 
these experiments disodium phosphate will act 
monoacidic. The general case of a weak aeid solid 
dissolving in the presence of a diacid base should be 
treated according to the method discussed in the 
appendix 

A tetraborate ion is interpreted as two borate ions 
(12). Although at the higher base concentrations 
there may be appreciable tetraborate ions in the 
stirred solution, probably most of the diffusing 
species and certainly all of the reacting species are 
borate ions. 

The plots of the rates of dissolution of benzoic 
acid in sodium bicarbonate solution both with and 
without a swamping electrolyte indicate (Fig. 6) 
marked deviations from linearity. As the K for this 
case is about 200, linearity to better than 10% was 
predicted by Eq. 17. The deviations are ascribed 
to carbon dioxide gas pockets ivhich were visually 
observed at the solid-solution interface, generating 
an added resistance which varied with the concen- 
tration of the bicarbonate. Calculations in the 
next section confirm this conclusion. A mathe- 
matical treatment of a problem of this type is seri- 
ously complicated by the nonequilibrium conditions 
existing at the interface. The surface properties of 
the solid will determine to a large extent the ease of 
liberation of the gas, and hence the rate of dis- 
solution. 

The nonlinear behavior in the presence of sodium 
acetate was expected in accordance with the theorj’. 
The K value of about 3.7 is too small for Eq. 14 
to apply and yet too large for the alkaline effects 
to be neglected. Hence only the complete expres- 
sion (10) will apply. The test of (10) for this case 
is carried out below. 

Some deviations from linearity, though generally 
of much smaller magnitude than those observed 
with sodium carbonate and sodium acetate, may 
be expected as consequences of the assumptions 
underlying the theory even for those systems 
where K > 10’. The diffusion coefficients may 
varj’ with the concentration and hence with dis- 
tance across the film. They may also vary with 
the different ionic and nonionic species present at 
various concentrations across the film. The film 
thickness has been noted (13, 14, 8) to be not en- 
tirely independent of the diffusivities. The salting- 
in effect of the benzoate ion (15) will to some ex- 
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tent affect {HA) Nevertheless, all of these effects 
influence to onl> a small extent the linearity of a 
SI stem i\ here K> 10’ as demonstrated by the plots 

Quantitative test of theory and the effects of an 
added electrolyte — Emploving Eq 14 or 15 nhere 
applicable the diffusion coefficients may be calcu- 
lated from the experimental results and compared 
M itli values m the literature or u ith values estimated 
from conductance data Unfortunately the litera- 
ture data are scant} , and ii here available, usually 
pertain to conditions somewhat removed from the 
situation of the experiments here From the slopes 
of the straight lines in Figs 4, 5, 6, 7, and 9 the dif- 
fusion coefficients are calculated as 

Db = slope/Zi = slope/3 3 X 10“’cm 

Table IV, columns two and three give these 
calculated values For sodium hydroxide the agree- 
ment with the limiting value and King and Brodie’s 
value IS good In this case the effect of 0 75 M so 
dium chloride is to increase the diffusion coefficient 
of the h} droxide ion b} about 12% 


low bicarbonate concentrations is far from the limit- 
ing value This disagreement follows from the ob 
servation of gas bubble formation at the interface 
discussed earlier With etlianolamme there is \ er\ 
little salt effect on the diffusion coefficient It ap- 
pears that nonionic agents are relatix el} unaffected 
by electrolytes, although such a general statement is 
perhaps dangerous m view of the complex nature of 
the problem (17, 18) Again, no diffusion data on 
ethanolamme was found m the literature, but its 
value appears reasonable when compared to those of 
some of the primary alcohols tabulated b} Jost (10) 
The crucial test of the theory is possible w ith the 
results obtained with sodium acetate In this case 
the bracket term of Eq 10 may not be neglected 
Taking (10) and for 

= D„b{HB)^ = D![a{HA)k = O 

^ D„a{HA)„ _ DhbDa-K{HA), 

' h 2DB-h 

D„bDa-K{HA), ( 4:Db-KB-)k Y'’ 

2DB-h \ D„bDa-K{HA)o) 


Table IV — Experimental Diffusion Coefficients from Rates of Dissolution of Benzoic Acid 



Z?B " or Db 

Db ~ or Db 



No Added 

With 

Db or Db 

Substance 

Electrolyte 

0 75 W NaCI 

Literature 

Sodium hv droxide 

2 42 X 10 ’ 

2 92 X 10-’ 

2 42 X 10“’“ 




2 7-2 9 X 10“” 

Sodium borate (Sodium tetraborate) 

1 03 X 10-’ 

0 93 X 10"’ 


Disodium phosphate 

0 97 X 10“’ 

0 87 X 10-’ 

1 06 X 10-’“ 

Ethanolamme 

1 22 X 10-’ 

1 20 X 10-’ 


Sodium bicarbonate 

5 0 X 10“" 

6 4 X 10-’' 

1 25 X 10"’“ 


Units of cm i sec "i 

“ Using conductance data tabulated in references 11 and 16 and using Nernst s and Haskell s limiting equations (reference 
11) for indnite dilution 

t K-ing s recommended value reference 7 
e Initial slopes used 


This increase is pnmaril} due to the suppression 
of the diffusion potential (11) created b\ the sodium 
ion o\erw helming the usual electrol}te depression 
of the diffusion coefficient of ionic substances as ob- 
serxed m the cases of disodium phosphate and so- 
dium borate This diffusion potential arises when 
the diffusing ions do not all have about the same 
mobihtx It is particularh noticeable m s} stems 
mxolvmg lixdrogen or h}droxide ions (11) and is 
probabl} of secondar} importance m the cases of 
disodium phosphate and sodium borate In the 
latter the diffusion coefficients decrease xvith added 
electrohte as is generalh expected (17, 18) With 
disodium phosphate the agreement with limiting 
value IS satisfactorv Here the limiting value is 
expected to be greater than the observed value in 
column 1, and b} about the amount observed, 
ns ~10% (11) Unfortunatelv no conductance 
data could be found for sodium borate and hence a 
check was not possible However, the observed 
value of 1 03 X 10“’ appears to be reasonable when 
compared with 0 97 X 10“’ of the disodium phos 
phate, or with the limiting value of 1 25 X 10 ’ for 
sodium bicarbonate In the case of sodium bl 
carbonate ev en the diffusion coefficient obtained at 


The following values are emplo}ed K = 3 67, 
{HA)„ = 0 0285 M, h =33 X 10“’ cm. Dub = 
1 28 X 10 ’ cm ’ sec (extrapolated from values 
at 0 1 M and 18“ and below in reference 19), Db- = 
1 19 X 10“’ (references 11, 16, limiting value), 
Dha = 1 11 X 10“’, Da- = 1 04 X 10“® (reference 
11, 16, limiting value) 

Then, 

C. = 1 78 X 10-7 (1 -f 4 13 X 10^ \B ]/,)'« - 

0 81 X 10“’ moles cm ’ sec ' 

The plot of this equation is given in Tig 8 
The agreement must be considered satisfac 
tory recalling that onl} approximate values for 
the diffusion coefficients were used In choosing 
K = 3 67 It was assumed that the thermod} inmic 
salt effects cancel in the reaction, and therefore the 
activity coefficients cancel It is notable that the 
experimental curve without the swamping electro- 
lyte falls between the theoretical curve and the ex- 
perimental curve w ith the added electrol} te This 
salt effect trend was also observed with disodium 
phosphate and sodium tetraborate, but reversed in 
the case of sodium h} droxide for reasons ahead} 
given It appears safe to state that, except for 
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bases involving abnormally rapid or slow ions, 
sodium chloride at 0 76 M will decrease the base con- 
trolled rates of dissolution of benzoic acid by about 
10 to 20% aside from that due to the salting out 
effects 


to evaluate Lj and then Ci algebraically. The 
explicit solution would involve a quartic equation. 
Therefore the method of successive appro.ximations 
would be more convenient. The final set of two 
equations to be solved are 


APPENDIX 


Dissolution of Acidic Solids in Presence of 
Diacidic Base 

For the case of HA (solid) dissolving in the pres- 
ence of a diacidic base, B~, the important equilibria 
are 


HA + HB- + A-, A'l = 

and 

HB- -f HA 5 HB + A-. K, = 


{HA)(B-) 

(lA) 

(HB)(A-) 

(HB-)(HA) 


where Ki and A; are concentration equilibrium 
constants The appropriate differential equations 
to be solved are 


„ dKHA) „.dHB-) r. .dKHB) 


and 

Db~ 


d-{B~) 


-D, 


„ _ dKHB-) „ 

Vrr.B 


_ dKA-) 

d\^ 

(2A) 

d%H.B) 

dx’- 


The solutions to (2A) employing (lA) are 


Db- (B-) = 

-Dkb- - D„,b{H.B) -b £„ 

Db-(B-) = 

-Dhb- -DnAH^B) -b £., 

Db- (B-) = Dh,b {H,B) - Da-(A-) -b L,. 
and 

Db~ {B“) -b CiA'" = Dha{HA) -b Dhzb{HB) -b Lz 

Li, Lz, and £„ and Ci are constants, where Ci is 
the rate of dissolution of HA per unit area as before 
Li and £2 may be taken equal to DB~{B-)h if 
{HB-)h = {HnB)h = 0 The problem remaining is 


{{Db-{B~) - £,P - HD„B-{HA){B-)DA-yi- = 

— 2DitB- ~ Dhb-Db~{B~) -b 

KzDa-DhAHA)) + 2 ^- \{LzDub- - 

Di,b-Db-(B-) + KzDa- DuAHAT- -b 
4LiD na-D ii„bD a~{HA )K« — 

4KzDa-Db-Di,b-D„AHA ) (B ")) >'= 


and 

(B-){2Db-(QX - D„a(HA) - £3 -b 2 Db-£. -b 
HD„b-Da-(.HA)} = £,= - 

(C,A - D„a{.HA) - LzT- 

Now these equations inaj^ be solved at x = 0 and 
X = h and Ci evaluated as a function of {B~)h, 
{HA)„, Ki, Kz, and the diffusion coefficients 


REFERENCES 


(1) Nojes, A A , and Whitney, W R , Z physik Cketit , 
23,689(1807) 

(2) Noyes, A A , and Whitney, W R , 7 Am Client Soc , 
19,930(1897). 

(3) Parrott, E L , Wurster, D E , and Higucbi, T , 
This Journal, 44, 269(1955) 

(4) Hixon, A VI , and Crowell, J H , !iti Eng Cliem , 
23,923(1931) 

(5) Hixon, A W, and Crowell, J. H, tbtd , 23, 1002 
(1931) 

(6) King, C V ,J Am Chem Soc , 57, 828(1935) 

(7) King, C V , and Brodie, S 3,7 Am Chem Soc , 59, 
1375(1937) 

(8) Hixon, A W , and Baum, S J , Ind Eng Chem , 36, 
528(1944) 

(9) Brunner, E , Z physik Chem , 47, 50(1904) 

(10) Jost W , "Difiusion," Academic Press Inc , New 
York, 1952, p 475 

(11) Vjnoprad, J R, and McBain, J W , J Am Chem 
Soc , 63, 2008(1941) 

(12) Latimer, W M , "Oxidation Potentials," Prentice- 
Hall. Inc , New York. 1952 

(13) Kinp, C V,/ Am Chem 5oc , 57, 828(1935) 

(14) King, C V , and Howard, P L , Ind Cng Chem 29. 
75(1937) 

(15) Long, r A , and McDe\it, W F , Chem Revs , 51. 

119(1952) * 

(10) Harned, H S , and Owen, B B , "The Physical 
Chemistry of Electrolytic Solutions," Rheinhold Publishing 
Corporation, New York, 1943, p 172 

(17) Costing, L J , and Akeley, D F,J Am Chem Soc 
74, 2058(1952) 

(18) Wang, J H,J Phys Cftew , 58, 080(1954) 

(19) International Critical Tables, Volume 5, McGraw 
Hill Book Company, Inc , Neu York, 1929, p 03 


Book Notices 


A Snn’ey of State Pharmacy Laws. Compiled by 
John M. Seus for the National Drug Trade Con- 
ference. The American Pharmaceutical Associa- 
tion, Washington, D. C., 1957. vi -f 112 pp, 
16.5x25 cm. Price S3. 

This compilation was prepared primarily to cor- 
relate the many different versions of those sections 
of the various State pharmacj’ laws pertaining to 
restriction of the sale of nonprescription drugs, so 
that the National Drug Trade Conference could use 
the information in again attempting to prepare a 
generally satisfactory “model” State pharmacy act. 
The text includes three general chapters on: Pro- 
vision of State statutes as to sale of nonprescription 
drugs; Powers granted to Boards of Pharmacy, 
Power exercised by Boards of Pharmacy; and De- 
cisions of the courts as to definitions of the term, 
“patent medicines,” “proprietarj' medicines,” 
“household and domestic remedies,” and classifica- 
tion of articles according to restriction of sale, and 
other related matters. The 63 appendixes include 
various tables classifying States as to the provisions 
of their respective laws regulating the sale of drugs 
bj- general merchants, and excerpts of specific ref- 
erences to the laws in the 48 States, the District of 
Columbia, and the Territories of Alaska and Hawaii. 

This valuable compilation should be a useful ref- 
erence for anyone interested in the restrictive sale 
phase of pharmacy laws. No general index is given 
but the comprehensive Table of Contents serves the 
purpose of a detailed guide to the text. 

Bacterial Fermentations. CIBA Lectures in Micro- 
bial Biochemistr}'. By H. A. Barker. John 
Wiley & Sons, Inc., New York, 1957. vii J- 95 
pp. 12.5 X 18.5 cm. Price S3. 

This small book presents the three lectures, by the 
author, on those aspects of bacterial fermentation 
which he has investigated or which have been of par- 
ticular interest to him. The subjects covered are: 
Biological formation of methane. The chemistry of 
but 5 ’ric acid-butanol fermentations, and Fermenta- 
tions of nitrogenous compounds. The main em- 
phasis in each lecture is placed upon the chemistry of 
the energy-yielding processes. References are given 
after each chapter and index is appended. 

Dermatologic Formulary. From the New York 
Sldn and Cancer Unit, Service of Dermatology'. 
2nd ed. By Frances Pascher. Paul B. Hoe- 
ber, Inc., Medical Book Department of Harper & 
Bros., New York, 1957. xii -1- 172 pp. 12.5 x 
19 cm. Price 84. 

This book represents a hospital formulary com- 
mittee’s compilation of “The most tried and useful 
dermatologic prescriptions, together with the brief- 
est and simplest explanations of their uses, indica- 
tions, and contraindications.” The sections of the 
te.xt are introduced with brief discussions relating to: 
Topical remedies. Systemic therapy. Articles for 
clinic use, and Therapeutic aids. \ sufficient num- 


ber of medicaments are included to circumvent al- 
lergic and idiosyncratic reactions and to allow for 
different patient responses to partieular drugs. 
The abbreviated monographs inelude descriptions 
and constituents of drugs and dosage forms. 

The book is intended for the dermatologist and 
does not include procedures for the preparation of 
dosage forms. An index, with references to prescrip- 
tion numbers and not page numbers, is appended. 
The book will undoubtedly seiwe as a model for 
formularies for other hospital dermatology clinics. 

Dictionary of Scientific Terms. By I. F. Henderson 
and W. D. Henderson. 6th ed. Revised and 
enlarged by John H. Kenneth. D. Van Nos- 
trand Co., Inc., New York, 1957. xvi -1- 532 
pp. 14 X 22.5 cm. Price S12.50. 

This dictionary aims to give the pronunciation, 
derivation, and definition of some 14,000 terms in 
biologj', botany, zoolog}', anatomy, cytology, gene- 
tics, embryology, and physiology. Specific, generic, 
ordinal, and other systematic names of plants and 
animals were omitted to limit the size of the book. 
The method of spelling is in the main that used in 
Britain u-ith American orthography indicated in 
cross-references or by reproducing in the original 
lettering terms culled from U. S. literature. The 
book should be very useful in the indicated fields of 
biological sciences. 

Handbook of Chemical Data. Edited by F. W. 
Atack. Reinhold Publishing Corp., New York, 
1957. 629 pp. 10 X 15 cm. Price 86.75. 

This pocket-size book includes tabulations of data 
that are most frequently consulted by chemists. 
Its main feature is the small size, which is achieved 
by judicious omission of less frequently required in- 
formation which can be found in larger volumes. 

Pharmaceutical Calculations. 3rd ed. By Wn.Lis 
T. Bradley, Carroll B. Gustafson, and 
Mitchell J. Stoklosa. Lea & Febiger, Phila- 
delphia, 1957. 13 X 20 cm. 325 pp. Price 

S4.50. 

This revision of a book that has been used by 
many teachers has been brought up to date and con- 
forms with the usage of U. S. P. XV. It is designed 
to prepare the student for the use of arithmetic in 
applied pharraaey. This is done with the aid of 
many examples and problems. The book is well 
suited for the modern pharmacy curriculum, and 
should be useful to practitioners as well as students 
and teachers. 

Organic Syntheses. I'ol. 37. Edited by Jajies 
Cason. John Wiley & Sons, Inc., New York, 
1957. vii -1- 109 pp. 15 x 23 cm. Price 84. 

This volume presents preparative methods for 
t%vent}'-nine compounds frequently required by or- 
ganic chemists. 
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Determination of Vitamin D by a Chemical Method 
Involving Chromatography and Color Inhibition^ 

By J. B. WILKIE, S. W. JONES, and O. L. KLINE 


A method for the determination of vitamin D applicable to pharmaceutical products is 
described in detail. The method involves saponification, extraction, chromatography, 
and color measurement by a modified antimony trichloride test. An important feature 
is the use of acetic anhydride which inhibits completely and selecthely the_ vitamin 
D-SbCls reaction, providing a reaction blank that greatly improves the specificity of 
the reaction. Of particular concern are the purity of color reagent, and the adsorption 
index of the magnesium oxide and alumina adsorbents used in the chromatography. 
Data are presented showing stability of vitamin D in the chromatography, the effect of 
acetic anhydride in the color reaction, and the validity of corrections based upon the 
acetic anhydride blank, and upon absorption differences at 500 and 550 mii wave- 
lengths. The character of the vitamin A degradation interferences is discussed and 
analytical results of the method applied to a series of pharmaceutical produrts are 
compared with bioassay values. 


UMEROUS ATTEMPTS to prescribe a means of 
estimating Vitamin D, either colorimet- 
rically or spectrophotometrically, have, at best, 
been only partially successful, and the official 
methods for this vitamin continue to employ 
biological procedures. Several years' effort in 
this laboratory' have resulted in refinements of 
previously described approaches that now permit 
application of the colorimetric method to phar- 
maceutical products of low potency. It is possible 
to carry' out determinations with samples con- 
taining less than 1,000 U. S. P. units of vitamin D. 

The color reactions of both vitamin D 2 and 
Dj with SbCls have been the basis for a number 


* Reccncd April 14, 1958 from the DiMsion of Nutrition, 
I'ood and Drut: Administration, Department of Health, 
Lducation. and Welfare, Washington, D C 
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of studies that are comprehensively' reviewed by' 
Ewing, el al. (1). Among these, the work of 
Nield, el al (2), shoued improved sensitivity' 
and reproducibility' of the reagent with the use 
of acety'l chloride OTth chloroform. In later 
nork from this laboratory', DeWitt (3) found that 
ethylene dichloride had a stabilizing effect 
when substituted for the chloroform solvent. 

A different color reaction was described by' 
Sobel, Mayor, and Kramer (4) who used glycerol 
1,3-dichlorhy'drin with acetyl chloride, and by' 
Campbell (5) who further studied this reaction 
with vitamin D, improving sensitivity' by' selec- 
tion of a suitable wavelength for color measure- 
ment. 

Greene (G), in dealing with many' phases of the 
v-itamin D determination, developed an iodine 
trichloride reaction, hut found it less sensitive 
and less specific than SbClj. 

Several attempts to apply paper cliromatoe- 
raphy' have been made (7-0). Experience luff' 
it in our laboratory indicated that separation iras 
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not suffidently quantitative to serve as a basis 
for an analytical method. 

Attempts to make use of direct spectrophoto- 
metric measurement of vitamin D even after 
chromatographic purification (3, G, 10) have 
been applicable only to high potency materials. 
E%ving, el al. (11), in a later report, state that 
“for samples containing less than about 4,000 
U. S. P. units of vitamin D per Gm. of oil the 
error begins to rise rapidly, and this value may 
be taken as a lower limit for the satisfactory de- 
termination of vitamin D in oil samples.” 

Thus the problem of applicability to phar- 
maceutical products resolves itself primarily to 
quantitative separation of vitamin D from in- 
terfering substances, principally vitamin A and 
its degradation products. Adsorption column 
chromatography of the nonsaponifiable fraction 
has been most useful for such separations. 
Ewing, et al. (11), employed a dual column pro- 
cedure with superfiltrol separation followed by 
alumina. These workers observed that the 
interferences not removed by this chromatog- 
raphy were of two kinds. The first was a res- 
idue in the oil, and the second the decomposition 
product of vitamin A formed in the superfiltrol 
column. 

Refinements in saponification, chromatog- 
raphy, and colorimetry have been the subject 
of extensive studies in this laboratory, and 
now provide a basis for workable procedures. 
The method described here allows a more quanti- 
tative separation of the vitamin A degradation 
products than previous methods. This separa- 
tion problem cannot be avoided in providing a 
method useful in control programs since, in most 
pharmaceutical products, vitamin D is accom- 
panied by vitamin A. Furthermore, vitamin A 
is useful as a guide in the chromatography. It 
has not been possible during chromatography 
entirel}' to prevent or eliminate vitamin A deg- 
radation products that have both chromato- 
graphic and spectral characteristics closely simi- 
lar to those of vitamin D. 

Specificity of the colorimetric step was greatly 
improved when it was observed that acetic an- 
hydride quantitatively inhibits the color reaction 
of SbCb with vitamin D measured at 500 m/i, 
but not the reaction with the major interfering 
substances which are principally vitamin A 
decomposition products. 


PRINCIPLE OF METHOD 

The method requires a sample containing approxi- 
mately 1,000 to 2,000 U.S.P. units (25 to 50 meg.) 
of vitamin D for the best precision, but one-half 


this amount can be determined by concentration 
of the final eluate fraction. 

Saponification is carried out in alcoholic-KOH 
with 20 minutes' refluxing. 

The nonsaponifiable fraction in petroleum ether 
is chromatographed, first on MgO that has been 
standardized with respect to its adsorptive power, for 
separation of vitamin D from vitamin A and e.xtra- 
neons substances. In a second chromatographing 
on alumina, vitamin D is separated from some of 
the fluorescent degradation products of vitamin 
A present in the sample or formed on the first col- 
umn. 

The vitamin D in the second column eluent is 
made to react with the acetyl chloride-antimony 
trichloride reagent to form a color, measured at 
500 m^i by a procedure involving use of an internal 
standard. Acetic anhydride completely inhibits 
this reaction, providing a reaction blank, and an 
additional minor correction of the absorbance 
value depends upon a reading at 550 m/i, to elimi- 
nate any effect of decomposed vitamin A that may 
escape separation in the chromatography. The 
vitamin D reference solution in ethylene chloride 
is evaluated in each determination by multiplying 
the absorbance at 270 mu by a factor that has been 
carefully determined. 


METHOD 


Reagents 

Vitamin D Reference Solution. — Ethylene di- 
chloride solution of crystalline calciferol or vitamin 
Dj. Prepare Stock Solution I to contain 25 mg. 
in each 100 ml. of petroleum ether or 10,000 units 
per ml. The Reference Solution is prepared by 
placing 1 ml. of Stock Solution I in a 50-ml. volu- 
metric flask, removing the petroleum ether with a 
stream of nitrogen, then making to a volume of 50 
ml. with ethylene dichloride, to contain 200 units 
of vitamin D per ml. or 5 meg. per ml. All reference 
solutions are stored in the refrigerator. 

KOH.— 50% by weight, (780 Gm./liter). 

Ethylene dichloride. — 1,2-dichloroethane. 

Cottonseed Oil. — Used as stabilizing agent of high 
antioxidant value, and must have a value of not less 
than 0 2 when measured in the following test: to an 
18-mm. test tube add 0.2 ml. of 0.1% aqueous 
FeCl, 6H20, 1 ml. of 0.1% «,a-dipyridyl i" absolute 
ethanol, and 5 ml. absolute ethanol. Shake, and 
after 5 minutes read absorbance at 520 m/j against 
absolute ethanol set at 100. Then add 0,1 ml. of a 
solution containing the nonsaponifiable fraction of 
1 Gm. cottonseed oil per ml. in petroleum ether. 
After 5 minutes, read the absorbance, and obtain 
the absorbance value by subtracting the blank 
reading. Store in a refrigerator w-ith minimum 
exposure to air. 

Adsorbents — MgO. — SeaSorb 43 (Westvaco Co.) 
heated in a muffle furnace for three hours at 600 , 

Alumina Hyflo-Supercel. — (Johns Manville indus- 
trial filter aid). 

Alumina. — Alcoa grade F-20. 

Treated Alumina. — Alcoa grade F-20. Generally 
the grading or mesh size distribution of this product 
is satisfactory. How-ever, not more than 50% of the 
material should pass a 160-mesh sieve and the 
material passing the 100-mesh sieve but not the 
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160-mesh sieve should approximate 50%. The 
remainder should fall between 60- and 100-mesh. 
The selected alumina is heated in a muffle furnace 
for three hours at 600°, and after partial cooling, 
placed in a tightly closed screw-cap glass jar. 
After it reaches room temperature the material is 
sieved through an 80-mesh screen, weighed, then 
placed in a tared, screw-cap glass jar filled to not 
more than two-thirds capacity. Distilled water is 
added, dropwise, with frequent shaking of the 
capped bottle, until the material contains 3% added 
water. Shaking is continued for at least fifteen 
minutes so that no lumps remain, and the material is 
uniform. After standing overnight, tightly capped, 
the material when tested has an adsorption index 
within the range 30 to 40. Since a change in mois- 
ture content affects the adsorption index of the 
reagent, the container must he kept tightly closed, 
except when removing a portion for use. 

Test for Adsorption Index of Alumina 

Ten centimeters of the adsorbent to be tested 
is added and tapped into a settled position in a 
chromatographic tube 6 mm. (inside diameter) x- 20 
cm. plugged at its tip with glass wool. One milli- 
liter of solution containing 20 mg./liter of the dye 
in petroleum ether (F & D Yellow No. 4 of about 
99% purity) is then added to the top of the column. 
Sixteen per cent solution of U. S. P. ether in petro- 
leum ether is then added in small portions from an 
accurately filled 50-ml. graduated cylinder, while 
five inches of vacuum is applied. 

The number of ml. of this eluent to elute all 
of the dye is the adsorption index for the adsorbent 
under test. There may be some difficulty in de- 
termining the point at which all of the dye has 
been eluted from the column. This is accom- 
plished by first collecting the eluate in a 50-ml. 
beaker until all apparent color in the column is 
eliminated, and finally by collecting 1-ml. fractions 
in 1-ml. beakers successively until, when viewed 
against a white background, the collected eluate is 
colorless. Removal of individual fractions is 
easily accomplished at 5-in. vacuum by first slipping 
the micro bell jar over the edge of the base plate. 
The total number of ml. to attain the colorless eluate 
is the required adsorption index. 

Rctentiveness is both a function of the adsorbed 
water and the condition of the anhydrous alumina 
itself. The adsorbed water can be removed by 
cautious heating at 600 ° for three hours. Weakened 
anhydrous alumina caused by too much lieating or 
by heating over 600° should be avoided. 

Ethyl Ether. — U. S. P. grade, peroxide-free ether 
is suitable for the extraction of the saponification 
mixture. For the second column chromatography, 
ether, redistilled over KOH pellets, is required. 
To this latter reagent arc added pieces of bright 
copper strip, to inhibit peroxide formation. This 
reagent is checked frequently (U. S. P. test) and, 
at the first indication of peroxides, is discarded. 

Petroleum Ether. — Must have a spectral trans- 
mission at 300 mp of at least 85%, in a cuvette the 
light path of which is 1 cm., against a no-ccll blank. 
Also, in the adsorbent activity test the eluent effect 
of 10 ml. of petroleum ether by itself must cause a 
movement of the visible color no more than 1 cm. 
below the surface of the column. To meet these 
requirements distillation may be necessary. 


Eluting Solutions . — First column: 1. 0.5% abso- 
lute ethj'l alcohol in petroleum ether, 2. 0.1% abso- 
lute ethyl alcohol in petroleum ether, 3. petroleum 
ether. Second column: 1. ethyl ether (redistilled 
over KOH), 2. 5% absolute ethyl alcohol in petro- 
leum ether, 3. petroleum ether. Test for Adsorption 
Index of Alumina: 16% U. S. P. ether in petroleum 
ether. 

Adsorbent Preparation W. — A weak adsorbent 
composed of 1 part MgO and 5 parts Hyflo-Supercel 
bj' weight, thoroughly mixed. When tested by the 
method described below it has an adsorption index 
of 5 to 10. 

Adsorbent Preparation S. — A strong adsorbent 
composed of 1 part MgO and 1 part Hj-flo-Supercel 
by weight, thoroughly mixed. MOien tested by the 
method described below it has an adsorption index 
of 20 to 35. 

Test for Adsorption Index of MgO Mixtures 

Pack tightly with a ’/is inch tamper, under 20 
inches of vacuum, the mixed adsorbent to be tested 
into a 1.0 to 1.2-cm. tube fitted with a sealed-in 
fritted disk to a height of 1.5 cm. With the vacuum 
off, add 1 mi. petroleum ether solution containing 
20 mg./liter F&D Yellow No. 4 of about 99% pur- 
ity. Add about 2 ml. of 10% absolute alcohol 
in petroleum ether from an accurately filled 50- 
ml. graduated eylinder. Increase the vacuum to 
20 inches and continue to add the 10% eluent 
until most of the dye band is eluted. Remove and 
discard the collected eluate. Collect successive 
1-mI. fractions in 1-ml. beakers until, when viewed 
against a white background, the eluate is judged 
colorless. Removal of individual fractions is easily 
accomplished at 5-in. of vacuum by slipping the 
edge of the micro bell jar over the edge of its base 
plate. The number of ml. of 10% alcohol in petro- 
leum ether to attain the first colorless eluate fraction 
is the adsorption index of the magnesium oxide 
mixture. 

Antimony Trichloride Reagent . — Solution A — 
Using antimony trichloride, U. S. P., in a dry, crys- 
talline form, packed in a well-sealed glass-stoppered 
bottle, dissolve approximately 113 Gm. in sufficient 
ethylene dichloride to make 500 ml. To avoid 
moisture contamination, this is done quickly by 
emptying, without weighing, a previously unopened 
'A-lb. bottle of antimony trichloride into about 400 
ml. ethylene dichloride. Add approximately 2 
Gm. anhydrous alumina, mix thoroughly, and filter 
the solution through filter paper into a clear glass 
reagent bottle, then make to a previously marked 
500-ml. volume with ethylene dichloridc. This 
solution is colorless, or nearly so, and must have a 
spectral transmittance of at least 85% at 500 lufi, 
measured against the ethylene dichloridc solvent . 

Solution B . — In a hood add 100 ml. acetyl chloride 
to 400 ml. ethylene dichloride with mixing, and store 
in a glass-stoppered bottle. 

Color Reagent. — Mix, at least one-half hour before 
use, 45 ml. of Solution A and 5 ml. of Solution B, and 
keep in a glass-stoppered flask tightly stoppcrcil 
until needed. This solution is satisfactorj' until 
it becomes colored. It is best to prepare it fresh 
on the da}- of use. although it may be useful over 
a period of a week. 

Color Inhibitor . — A solution containing equal 
volumes of acetic anhydride and ethylene dichloridc. 
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APPARATUS 
Chromatographic Tubes 

Tube for First Column Chromatography.— 2.5 cm. 
in diameter .k 20 to 30 cm. in length, with coarse 
fritted disk, and sealed to an 8 ram. x 5 cm. exit tube. 

Tube for Second Column Chromatography. — 6 
mm. (inside diameter) t 20 cm. in length, with the 
lower 5 cm pulled out to form a tapered constricted 
exit. About 1 cm. of the upper part of the con- 
stricted section is plugged with glass wool. 

Tube for MgO Adsorption Index Test. — 1 cm. in 
diameter by 10 cm. in length, with medium fritted 
disk, and sealed to an 8 mm. x 5 cm. exit tube. 

Supplementary Evaporation and 

Chromatographic Apparatus 

A vacuum micro bell jar large enough to hold a 
100-ml. beaker is used in applying the vacuum and 
collecting the eluates. The vacuum either from the 
line or from a water vacuum aspirator is controlled 
by a vacuum gauge and a screw clamp bleeder. 
A stopcock or screw clamp bleeder on a T tube may 
be used to control the vacuum delivery to the gauge 
and chromatography assembly. Fifty- or 100-ml. 
beakers, a water vacuum aspirator attached to a 
vacuum gauge, and a three-way stopcock device 
with interchangeable florence flasks having standard 
glass joints may be used to expedite change of sol- 
vents (12). The use of manual automatic pipets is 
important because of the obnoxious or potentially 
harmful nature of the reagents and solvents used. 

Ultraviolet Lamp. — A lamp source of weak ultra- 
violet is required for observing the fluorescent bands 
on the chromatographic column. The lamp should 
provide radiation in the longer (300 ma) region. 
Suitable lamps may be constructed or are commer- 
cially available. For commercial lamps a narrow 
aperture or screen may be necessary to reduce the 
amount of destructive radiation. 

Standardization of Test Tubes for 

Photometric Measurement 

Photometrically matched tubes are required. 
A solution of F&D Orange No, 2 is particularly 
useful for this purpose. 

Photometer. — Any direct reading photometer or 
monochrometor which has a sufficiently narrow ab- 
sorption band at 500 and 550 mpi to provide linearity 
is suitable. 

PROCEDURE 

Sample 

A desirable size of sample is one that contains 

1.000 to 2,000 units of vitamin D. A smaller 
amount can be determined by reducing the volume 
of the final solution used for color measurement. 
However, the concentration of the final solution 
should not fall below 50 units per ml. A condition 
to be observed also is the amount of vitamin A 
contained in the sample. If the sample contains 
little or no vitamin A, approxiraatelj^ 3,000 units 
are added to provide the pilot bands necessary in the 
chromatograph}’. However, the total amount 
present must not e.xceed the capacity of the first 
adsorption column which is usually in the range of 

20.000 to 25,000 U. S. P. units of vitamin A. 


Capsules or tablets are disintegrated by adding 

10 ml. HjO, tvarming on a steam bath with the 200- 
ml. Erlenmeyer flask at an angle, for ten minutes. 
It may be necessary to crush them with a flattened 
glass rod, and to warm for an additional five minutes. 
A metal clamp on the neck of the flask is useful for 
holding the flask at an angle, and for holding it im- 
mersed in the steam bath during the subsequent 
saponification step. 

Saponification 

To a measured amount of sample in a reflux 
flask add 1 ml. cottonseed oil, and 2.5 ml. of 50% 
KOH for each Gm. of sample taken, but not less 
than 16 ml. Then add 60 ml. of 95% ethanol for 
samples of less than 6 Gm. For samples of between 
5 and 10 Gm. of fat or oil, add 75 ml. of 95% ethanol. 
Boil vigorously twenty minutes (thirty minutes 
for 5 to 10-Gm. samples of fat or oil) immersed in a 
steam bath, with a suitable reflux condenser. 
Cool the saponification container. Transfer con- 
tents to a 500-ml. separatory funnel, rinsing with 
50 to 70 ml. of distilled water in several portions, 
adding each portion to the separatory funnel. 
Then add 50 to 100 ml. of ethyl ether. Good sepa- 
ration and relative freedom from emulsions at this 
step are obtained if the volumes of water, alcohol, 
and ether are maintained in approximately a 1:1:1 
ratio. Shake vigorously and allow to stand about 
two minutes. 

Separate the aqueous layer into another 500-ml. 
separatory funnel, and extract it three more times 
with 30-ml. portions of ether, adding each ether 
layer in turn to the original ether extract. In the 
case of slow separation or emulsion formation, add 
2 to 5 ml. of 95% alcohol and swirl gently. Solid 
material in the aqueous phase is forced through the 
funnel with a wire of suitable size. 

Pour 100 ml. of distilled water through the com- 
bined ether extracts, wait five or more minutes for 
complete separation, and discharge the lower water 
layer into another separatory funnel. For 10-Gm. 

011 samples, 200 ml. of water may be necessary 
here. This aqueous fraction is then extracted 
twice with 50-ml. portions of ether and the resulting 
layers added to the original ether extract. These 
two ether extractions should be accomplished 
with vigorous shaking. Good separations will 
generally require subsequent gentle swirling with 
additions of about 5 ml. of ethanol. Allow two to 
five minutes for separations in this step. Pour 
two 100-ml. portions of distilled water through the 
combined ether extracts without shaking, allow to 
separate, and discard these aqueous fractions. 
Add about 10 ml. of water and shake vigorously. 
If there is a slight persistent emulsion formed at the 
interface, dilute by pouring water through the ether 
extract, and discard the aqueous layer. 

Where particularly persistant emulsion occurs, 
or where precipitates gather at the interface, gather 
as much as possible of this material at the interface 
by shaking with about 3-ml. volumes of water or 
dilute alkali solution. Isolate the interface mate- 
rial in a separator}’ funnel set aside for this purpose. 
It is important to collect in one funnel all of the 
separations of such interface material even though 
some of the solvent portions are unavoidable. This 
interfaee fraetion is then shaken with about 25 ml. 
of petroleum ether uhich will likely become cloudy. 
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The cloudiness is removed by swirling witli about 
3 ml. of 95% alcohol. The clear petroleum ether 
solution is then added to the original solvent ex- 
tract, and in like manner, the interface fraction is 
extracted two more times with 25 ml. of petroleum 
ether and 3 ml. of 95% alcohol, adding each to the 
original ether extract. 

Add successive portions of distilled water to the 
ether extract with gentle agitation, removing each 
until the rinse water is free of alkali as shown by 
a phenolphthalein test. Drain off the last small 
fraction of water and discharge ether extract into 
a 300-ml. tall beaker containing about 5 Gm. an- 
hydrous NanS 04 . Stir for about two minutes, and 
transfer the ether extract with ether rinsing, to 
another 300-ml. tall beaker. Evaporate the extract 
to about 30 ml. on a steam bath and transfer to the 
flask of the evaporation apparatus for final evapora- 
tion under vacuum. 

The evaporation flask is placed in the steam bath 
until a volume of 5 ml. remains. The flask is then 
placed under vacuum in a water bath at a tempera- 
ture below 40° until evaporation is complete, as 
indicated by appearance and an increase in vacuum. 
Introduce petroleum ether, dissolve the residue, 
and make to a volume of 10 ml. This is the sample 
extract. 

First Column Preparation. — Using a rod approxi- 
mately V< inch in diameter, tamp \V adsorbent 
tightly into the large chromatographic tube, under 
25 inches of vacuum, to form a column segment 2.5 
cm. in height; make the surface level and smooth. 

Under the same vacuum add S adsorbent to a 
height of approximately 10.5 cm. With the sur- 
face level, press the material firmly with a cork 
attached to a glass rod so that this section is about 
8 cm, in height. The cork should have approxi- 
mately the same diameter as the tube, fitting loosely, 
to provide even pressure throughout the cross sec- 
tion of the tube. 

Complete the column by the addition of a layer 
of about 1 cm. of anhydrous Na-SOj. 

First Column Chromatography — Sample Addi- 
tion. — With the column under 5 inches of vacuum, 
pour 30 ml. of petroleum ether on the column, 
slowly down the side of the slightly tipped tube. 
When 20 ml. of petroleum ether remain above the 
Na;S 04 layer, release the vacuum and add the sample 
extract, again pouring carefully down the side of 
the slightly tipped tube. Apply 20 inches of vacuum 
and, as the surface of the liquid disappears into the 
Na;S 04 layer, reduce the vacuum to 5 inches and 
quickly add 3 small portions (2 to 5 ml.) of petroleum 
ether down the side of the tube, allowing each por- 
tion to move into the Na 2 S 04 layer before adding 
the next. Then carefully add 25 ml. petroleum 
ether. As the surface of this addition reaches the 
Na:SOi layer, add the eluting solution containing 
0.1% alcohol in petroleum ether in 10-ml. portions. 
In the period following the first addition of this 
eluent, the fluorescent vitamin begins to move 
in a compact band, and sejiarating ahead of 
it is a narrow yellow fluorescent baud. The move- 
ment of tlicsc bands can be followed by fre- 
quciil brief inspections with the ultraviolet lamp. 
At the end of fifteen minutes increase the vacuum 
to 20 inches; and by the cud of 30 minutes, the 
fluorescent bands should move one-quarter to one- 
half the length of the upper segment of the column. 


If the lower band has moved one-half the length 
of the upper segment in less than fifteen minutes, 
its movement is retarded by substituting petroleum 
ether for the 0.1% alcohol eluent, and by keeping 
the vacuum at 6 inches throughout the elution. 
(With some experience it is possible to make use 
of a clu-omatogram that develops rapidly whenever 
there is a 2 to 3-cm. separation between the bands. 
In such case, increase the vacuum to 20 inches, 
change the collection flask when the yellow fluores- 
cent band reaches the junction, and change to 
petroleum ether for eluting when the vitamin A 
band is between 1 and 2 cm. from the junction.) 

If the bands have failed to move as described 
above with the vacuum at 5 inches, add 5 ml. of 
the 0.5% alcohol in petroleum ether eluent, followed 
by 25 ml. of the 0.1% eluent, repeating this se- 
quence of additions if necessary, until movement is 
apparent, and the band has moved one-half the 
length of the upper segment. Then increase the 
vacuum to 20 inches. 

At this point the separation of the two fluorescent 
bands should be greater than 1 cm. and when the 
lower yellow fluorescent band reaches the junction 
of the two adsorbents, the eluate is discarded 
and a clean collection beaker is placed in the bell jar. 

Elution is eontinued by the addition of the 0.1% 
alcohol eluent until the vitamin A band reaches a 
point 1 cm. above the junction, then petroleum ether 
alone is used as the eluent until the junction is 
reached. 

When the vitamin A band reaches the junction, 
the vacuum is reduced to 5 inches, and elution is 
continued with petroleum ether until the lowest 
tip of the vitamin A band touches the fritted disk. 
At this point collection is discontinued, using great 
care to collect as much eluate as possible w'ithout 
including any vitamin A. 

The stem of the chromatographic tube is rinsed 
with petroleum ether into the collection beaker, 
and the eluate is transferred to the evaporation 
apparatus. 

The evaporation flask is placed in the steam bath 
and evaporation continued until a volume of about 
5 ml. remains. The flask is then placed in a water 
bath at a temperature below 40°, under vacuum, 
until evaporation is complete, as indicated by ap- 
pearance and an increase in vacuum. Introduce 
petroleum etlier, dissolve the residue, and make to 
a volume of 5 to 10 ml. This eluate solution is 
used for the second column chromatography. 

Second Column Preparation. — Add to the small 
chromatographic tube 20 cm. of treated alumina, 
avoiding extending the column into the enlarged 
section of the tube. The column is made sufficiently 
compact by tapping the side of the tube during and 
after the addition of the adsorbent. 

Second Column Chromatography . — With the 
column under 20 inches of vacuum, and a 25-ml. 
collecting beaker in place, add the eluate solution 
from the first column, rinsing the flask with a small 
amount of petroleum ether. As soon as the eluate 
solution has moved into the column, reduce the 
vacuum to 5 inches, and add 2.0 ml. of reagent 
ethyl ether. When this has moved into the column 
add 7 ml. of iietrolcum ether and allow it to move 
into the column. Release the vacuum and remove 
the eluate, identifying it as fraction Xo. 1. With a 
clean 10-ml. collection beaker continue elution. 
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under 5 inches of vacuum, with tlie addition of 20 
ml. of 0.1% alcohol eluent. Three separate eluate 
fraetions are collected, each appro.ximately S ml. 
and identified as fractions No. 2, No. 3, and No. 4. 
These fractions are precautionary to make certain 
that the chromatography is effective. Normally, 
when these fractions are exposed to the weak 
ultraviolet light, fraction 1 fluoresces strongly, frac- 
tion 2 maj' show some, and fractions 3 and 4 are 
without fluorescence. If fraction 3 is nonfluorescent, 
and fraction 4 shows fluorescence, then the latter 
is added to fraction 5 which is fluorescent. But if 
all fractions show fluorescence, the chromatography 
has been inadequate, and should be repeated. For 
collection of eluate fraction No. 5 in a 50-ml. 
collection beaker, 25 ml. of 5% alcohol eluent is 
added with the vacuum at 20 inches. 

Evaporate the eluate fraction No. 5 in a 50-ml. 
flask in the evaporation apparatus. The evapora- 
tion flask is placed in the steam bath until a volume 
of 5 ml. remains. The flask is then placed in a 
water bath at a temperature below 40°, under 
vacuum, until evaporation is complete, as indicated 
by appearance and an increase in vacuum. Alter- 
nately, the eluate fraction may be evaporated on 
a steam bath to a volume of about 2 ml. The 
beaker is then removed from the steam bath and 
evaporation is completed under a light stream of 
nitrogen. Introduce 5 ml. of ethylene dichloride, 
dissolve residue, and transfer to a 10-ml. volumetric 
flask, rinsing with several small portions of ethylene 
dichloride. Make to a final volume of 10 ml. 
This is the sample solution to be used in the color 
reaction. 

Color Reaction. — All colorimetric measurements 
are made in the same tube or in matched tubes. 
The tubes must be rinsed with ethylene dichloride 
three times after each use. Exactly thirty seconds 
after the addition of the color reagent, the trans- 
mittance reading of 500 m;i is taken with the in- 
strument set at 100% transmittance with ethylene 
dichlonde. A second reading is made at 550 m/i 
within ninety seconds after the color reagent 
addition. An internal standard is used to compen- 
sate for possible sample effects on color development. 
The color reagent is added rapidly. For this, a 
device such as a 10-ml. graduated cylinder cut off 
at the 7-ml. mark is practical, or an automatic 
measuring pipet may be used. The three color 
reactions are carried out in the following order: 
(a) 1 ml. sample solution -f- 1 ml. reference solution 
d- 5 ml. color reagent, (b) 1 ml. sample solution + 
1 ml. etlijdene dichloride -f- 5 ml. color reagent, 
(c) 1 ml. sample solution -f- 1 ml. color inhibitor -1- 
5 ml. color reagent. 

Standardization of Reference Solution. — The 
vitamin D reference solution in ethylene chloride is 
evaluated in each determination by measuring its 
absorbance at 270 m;j. Concentration of vitamin 
D, in units per ml., is calculated: 

-d(r) 270 X 860 = units per ml. 

Calculation. — Convert transmittance readings to 
the corresponding absorbance values, then with : 

.4(, + r) 500 = 500 111(1 absorbance of sample solution 
-f- reference solution 

.4(,) 500 = 500 mfi absorbance of sample .solu- 

tion 


.<4 (,4, ,) 500 = 500 m/j absorbance of sample solution 
-1- color inhibitor 

A(,) 550 = 550 ttifc absorbance of sample solu- 

tion 

A(, + i) 550 = 550 ttifi absorbance of sample solution 
-t- color inhibitor 

A ref — a (I + r) 600 — A(,) soo 
Reference conen. (units/ml.) _ 

Aref 

K (Conen. of vitamin D per unit of absorbance) 

l(A(,) 600 — A (, + i) soo) — 0.67 (^(.) 650 ~ A (, + i) 550)] = 
A (corr. 5)500 

A (corr. 5)500 X K = vitamin D content of sample 
solution (units/ml.) 

Units per ml. sample solution/C = vitamin D 
content of sample, where C is the conen. in Gm., 
capsules, or tablets per ml. of colorimetrically 
evaluated sample solution of the material taken for 
analysis. 

DISCUSSION 

Preparation of Sample. — Although oils are readily 
saponified there is advantage in treating capsule or 
tablet samples with a small amount of hot water to 
speed disintegration and to reduce the time necessary 
for complete saponification. With such treatment of 
oil-insoluble coatings the twenty-minute saponifica- 
tion time is generally adequate. 

Vitamin D has been shown to be unstable on the 
MgO chromatographic column, in the absence of 
antioxidant and samples of unknown composition 
that do not contain antioxidant have been encoun- 
tered. The addition of 1 ml. fresh cottonseed oil to 
each sample assures stability of the vitamin through- 
out the procedure. Results of comparison of 
vitamin D cluomatographed with and without ad- 
dition of cottonseed oil are shown in Table 1. 


Table I. — Recovery of Vitamin D from 
Chroilatographic Column in Presence and 
Absence of Antioxidant 


Without Cottonseed Oil 

With Cottonseed Oilo 

Vitamin 

Vitamin 


Vitamin 

Vitamin 


D 

D 

Recov- 

D 

D 

Recov- 

Added, 

Recovered, 

ery. 

Added, 

Recovered, 

cry, 

% 

Units/ml. 

Units/ml. 

% 

Units/ml. 

Units/ml- 

150 

129 

86 

200 

192 

96 

200 

176 

88 

200 

195 

98 

200 

114 

57 

200 

192 

96 

200 

128 

64 

200 

191 

96 




200 

193 

97 


® 1 ml. added to each sample. 


Saponification. — -Immersion of the saponification 
flask in a steam bath is prescribed. Incomplete 
saponification leads to difficulties in control of the 
chromatography. An efficient reflux condenser over 
a flask heated on a hot plate may cool and slow the 
process to such an extent that saponification is not 
completed in the twenty-minute period. In such a 
case the presence of a small amount of fat in the 
solution for chromatography causes rapid elution 
of the visible bands and prevents the necessary 
separation of vitamins A and D. 
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Extraction. — The procedure described is essenti- 
ally that used for fisli-liver oils in determining 
vitamin A content by the A. O. A. C. method. The 
additional treatment required for samples in which 
resistant emulsions or precipitates at the solvent 
interface occur has been found quite satisfactory in 
practice. However, relatively few samples that 
require such treatment have been encountered. 

Chromatography. — The chromatographic proce- 
dure is the foundation of this method and the culmi- 
nation of long experience and many experiments. 
Important improvement resulted from the knowledge 
that sufficient uniformity may be assured by temper- 
ing the MgO with heat and Hyfiosupercel, and the 
alumina adsorbent with heat and water. Adsorp- 
tive capacity of the alumina is maintained within a 
narrow and workable range by heating it at 600° 
for three hours, then adjusting the moisture content 
to 3%. Assurance of suitability of the adsorbents 
used by determining adsorption index is essential. 
Also, particle size of the alumina is important. 

Most pharmaceutical samples containing vitamin 
D also contain vitamin A. Since the method de- 
scribed here depends upon the vitamin A and yellow 
fluorescent pilot bands, a measured amount of vita- 
min A must be added to those samples devoid of it. 
Separation of all vitamin A is accomplished on the 
first column. To assure this separation it is im- 
portant that a good division is obtained between the 
vitamin A band and the yellow fluorescent band, 
that moves ahead of it. In this case, the vitamin 
D moves well ahead of the vitamin A, but is too 
close to the yellow fluorescent band to permit ade- 
quate separation of these two on this column. 
The fraction eluted ahead of the yellow band elim- 
inates unidentified interference, probably sterol 
in nature. Great care and some skill are necessary 
in carrying out this chromatography successfully. 
There is evidence that the yellow fluorescent band 
material contains both colored and colorless fluores- 
cent substances. Further evidence indicates that 
these substances arise largely as degradation prod- 
ucts of vitamin A, For example, with repeated 
chromatography of the vitamin A band on the MgO 
column, additional yellow fluorescent band material 
appears in approximately the same proportion in 
eaeh separation preceding the vitamin A band. 
We have observed this as well when starting with 
vitamin A of high purity. It is usually not difficult 
to separate the yellow material from vitamin D 
in the alumina column. It has not been possible, 
however, completely to eliminate a colorless fluores- 
cent substance from the vitamin D fraction, a 
substance which has spectral absorption in the ultra- 
violet closely similar to that of vitamin D, but which 
causes little interference in the SbClj color reaction. 
Because of an inability to accomplish this complete 
separation, determination of absorbance of the 
vitamin D eluate fraction at 270 mii is not a reli- 
able measure of vitamin D. 

In Fig. 1 are shown absorption curves for vitamin 
Dj in ethylene chloride (Curve A) and in ethyl 
alcohol (Curve B). The yellow fluorescent fraction 
that is separated from the vitamin D fraction in the 
second column has the absorption characteristics 
shown in Curves C and D. The vitamin D eluate 
fraction. Curve E, shows characteristic absorption 
in the 270 in^i region, but is displaced to the right 
at the higher wavelengths. The absorption of 


vitamin A epoxide, as deseribed by Karrer (13). 
is represented by Curve F. That vitamin A epox- 
ide, or a degradation product of vitamin A having 
closely similar absorption characteristics, is the 
contaminant of the vitamin D eluate fraction 
from the second column chromatography is dem- 
onstrated in Fig. 2. A sample of vitamin A, free 
of vitamin D, was taken tlirough the chromatog- 
raphy, and absorption of the fraction that tvould 
be expected to contain the vitamin D was measured. 
This is shown as Curve C. Again Karrer’s vitamin 
A epoxide is included as Curve B, and for reference 
Curve A is the absorption of vitamin D in ethylene 
chloride. It is quite clear that the cliromatography 
used does not provide a separation sufficiently com- 
plete to rely upon direct spectrophotometric ab- 
sorption of the final eluate as an estimate of the 
vitamin D present. 

The procedure for the SbCh vitamin D color 
reaction is essentially DeWitt’s modification (3) of 
Nield’s reaction. No other color reaction with vita- 
min D has been found to equal the sensitivity of that 
with the SbClj acetyl chloride reagent. It is quite 
susceptible to interference, however, where vitamin 
A or its degradation products are present. We 
have learned that in the presence of acetic anhydride 
the color reaction with vitamin D is completely 
inhibited, while that with the common interfering 
substance is inhibited to a small extent or not at all. 

The effect upon vitamin D alone is shown in 
Table II. 


Table II. — Effect of Acetic Anhydride upon 
THE Vitamn D3-SBCL3 Reaction 


Units, 

Absorbance at 500 mu 

Vitamin 

Without Acetic 


D/ml. 

Anhydride 

Anhydride 

100 

0.120 

0.001 

200 

0.237 

0.000 

400 

0.488 

0.001 


Table HI. — Application of Acetic Anhydride 
Inhibition to Spectrophotometric Evaluation 
of Vitamin D-SbCl, Color 


Sample 

1. 

Total 
Absorb- 
ance at 
500 m^ 

2, 

Absorbance 

with 

Acetic 

Anhydride 

3 . 

Absorbance 
Correction 
from 550 
Reading 

4 . 

Vitamin 

D 

Absorb- 

ance 

1 

0.272 

0.076 

0.015 

0.181 

2 

0.196 

0.043 

0.005 

0.148 

3 

0.161 

0.051 

0.017 

0.093 

4 

0.268 

0.078 

0.018 

0.172 


In Table III are given examples of absorbance 
values from Beckman Spectrophotometer Model 
B readings of sample solutions prepared from four 
different samples. In the description of the method 
these readings correspond as follows: 

Column 1 is zlo 500; column 2 is dp + ,-,500; 
column 3 is 0.G7(d(j)550 — d(3+,-)550); column 
4 is column 1 minus the sum of columns 2 and 3. 

It is clear that the total absorbance values shown 
in column 1 do not accurately represent the vitamin 
D present. The interference absorbance shown in 
column 2 has been an important source of error 
in earlier work. The correction shown in column 
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3 is small and frequently negligible with the chro- 
matography used. 

Basis for the small correction indicated in column 
3 is given in Table IV, the data for which were 
obtained as follows 

The method was applied to four samples that 
contained vitamin A, but no vitamin D. In the 
color test of the final eluate, the .so-called vitamin D 
cluate fraction from the second column, the absorb- 
ance values for the sample (Tube and the 

sample plus acetic anhydride (Tube yl(< + i)) were 
determined at 500 and at 550 mp 

The difference between tubes A(s) and A(s+>) at 
each wavelength are expressed as A absorbance, 
shown in Table lY. The ratio of the differences is 
0 67, which is in close agreement with a large number 
of such determinations. Since the vitamin D-SbCIj 
color has no absorption at 550 m^, it is possible to 
correct for non-vitamin D color by subtracting 
from the total absorbance, two-thirds of the dif- 
ference observed at 550 mp. This is the correction 
shown in column 3 of Table III. Nield (2) and 
Greene (6) attempted a correction based upon the 
550 mu absorption. This non-vitamin D absorp- 
tion seldom exceeds 10% of that of vitamin D. 
When the correction is excessive a rechromato- 
graphing of the final eluate is desirable. 

In color measurements of solutions containing 
from 50 to 1,000 units of vitamin D per ml of final 
solution. Beer’s law was found to apply. The 
smallest deviations were observed between 100 and 
400 units per ml., and it is recommended that final 
concentration be kept within these limits 


to absorbance value. This is the K value obtained 
in the calculation of results. 


Table V. — Variation in K Ratios op Vitamin D 
TO Absorbance Value in the Color Test 


Kor Aliquots 

For Final Solutions 

For Final 

of Final 

from Separate 

Solutions of 

Solution of a 

Chromatographings 

Different 

Single Sample 

of a Single Sample 

Samples 

1140 

880 

989 

1070 

1022 

985 

1150 

10G5 

824 

1050 


1015 

Coeff. of var. 
4 45 

5 2 

14 3 


It is apparent that there is a greater variation of 
K between samples than between aliquots of the 
same sample. Error from these variations is con- 
trolled by the use of the internal standard. 


Table VI — Vitamin D Content of Several 
Pharmaceutical Preparations 


Label 

Declaration 
Sample (U S P Units) 

1 Elixir 1 ,300 units/5 ml 

2 Syrup 533 units/ml 

3 Liquid 2,000 units/5 ml 

4 Tablet 2,500 units/tab 

5 Capsule 1 ,000 units/cap 
() Capsule 2,500 units/cap 

7 Veast 

8 Syrup 1,000 units/0 6 ml 

9 Capsule 1 ,200 units/cap 


Analysts' Results Btoassay 
(U S P Units) Results 

Analyst Analyst (U S P 

A B Units) 

1,450 1,450 1,950 

G05 GOO C75 

1,345 1,315 1,500 

3,080 2,910 3,200 

1,430 1,005 1,140 

2,740 3,070 3,150 

78,875 75,000 

1,100 1,050 1,280 

1,320 1,150 1,140 


Table IV. — A Absorbance Values at Two 
Wavelengths for the Vitamin D Eluate 
Fraction 



A 

Absorbance 

A 

Absorbance 

Asoo/ 

Sample 

at 500 

at 550 mp 

A (SO 

1 

0.019 

0 029 

0 66 

2 

0 025 

0 03G 

0 70 

3 

0 018 

0 025 

0 72 

4 

0 021 

0 035 

0 60 



Average 

0 67 


The SbCIj reagent. Solution A, has been found to 
cause difficulty if its transmittance of 500 mp falls 
below 85%. An occasional bottle of the solid 
SbCIs is found to contain color which, in solution, 
absorbs in the critical region. Also, moisture present 
in Solution A may cause a cloudiness that alters 
transmittance. Solution A is usually stable after 
the treatment with anhydrous alumina, but should 
be cheeked spectrophotometrically at frequent 
intervals Any indication of change requires ad- 
ditional treatment with the anhydrous alumina 
If color is excessive, it is necessary to prepare 
fresh reagent Color change is readily noticed 
when the solution is stored in a clear glass bottle. 

Since the color reaction is affected by substances 
other than vitamin D contained in the final sample 
solution, the use of an internal standard is essential. 
Variation between aliquots and from sample to 
sample, in the relation of absorbance to vitamin D, 
is shown in Table V. The values shown arc the 
ratio of units of vitamin D per ml. of final solution 


APPLICATION 

Although the method in its various stages of de- 
velopment has been used in this laboratory over a 
period of several years, and has been applied to 
a variety of products, the most effective use has 
been in the category' of pharmaceutical preparations 
The list shown in Table VI illustrates the types of 
material most successfully analyzed. Also from 
the results of two independent analysts the uni- 
formity of results can be judged. The analytical 
values are compared with the bioassay result for 
each sample listed. The bioassays were not con- 
ducted specifically as a part of this study, but re- 
sults were obtained as part of the routine assay 
program of the laboratory. It is clear that the 
results of the two methods are in the same range. 

We have had little experience in applying the 
method to foods containing vitamin D. Here the 
problem is to saponify and extract sufficient ma- 
terial to provide approximately 1,000 to 2,000 units 
of vitamin D. With a suitable extract there would 
appear to be no great difficulty in extending the 
method to foods. 
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An Identity Test for lodinated Derivatives of 
Tyrosine and Thyronine, Particularly 
Triiodothyronine and Thyroxine* 

By PAUL Z. ANTHONY and JAMES E. GEEVER 


The Kendall-Osterberg color reaction for 
thyroxine has been applied to other iodi- 
nated phenolic amino acids. It provides a 
ready means of identifying individual mem- 
bers of two families of compounds. 

A ■RAPID METHOD for distinguishing between 
the various iodinated derivatives of tyro- 
sine and 3,^ diiodothyronine has been developed 
using the method of Kendall and Osterberg (1). 
In their work on the chemical identification of 
thyroxine these investigators noted that thyroxine 
gives a red color when treated first with nitrous 
acid and then with ammonia. Ingvaldsen and 
Cameron (2) found that this color reaction oc- 
curs with both diiodotyrosine and thyroxine. 
They noted that the color is given by a phenolic 
compound containing two iodine atoms ortho to 
the hydroxy group, they found that the color is 
not given by dibromotyrosine, nor by' a large 
number of other benzene derivatives. Morton 
and Chaikoff (3) adapted the reaction to a photo- 
metric determination of thyroxine and diiodo- 
tyrosine in thyroid tissue. Roche and Michel 
(4-G) conducted a detailed study of the reaction 
in the analyses of thyroid gland and iodinated 
proteins. Adamson, et al., (7), used the reaction 
for the determination of sjmthetic sodium L- 
thyroxine, particularly^ in tablets containing 
thyroxine as the active ingredient in microgram 
quantities. Gross and Pitt-Rivers (8) used 40% 


* Received October 7, 1957, from Baxter Laboratories, 
Inc , Morton Grove, 111 

The authors are grateful for the assistance and adMce of 
Dr L G Ginger and Dr N J Kartmos of the Research De 
partment of Baxter Laboratories 


sodium hydroxide instead of concentrated am- 
monium hydroxide to obtain a brownish-orange 
color with both thyroxine and 3,5,3'-triiodo- 
thymonine; the solution had a maximum absorp- 
tion between 460 and 470 mg. 

In our laboratory the Kendall-Osterberg reac- 
tion gave characteristic colors for iodo-deriva- 
tives of tyrosine and 3,5-diiodothyronine. 

EXPERIMENTAL AND RESULTS 

The optimal concentration of an iodinated com- 
pound for color development under the conditions 
of the test is 0 045 to 0 050 microequivalents per cc. 
of final solution The test is run as follows using 
3,5,3'-triiodothyronine as an example. 

A 20-mg portion of L-triiodothjTonine hydro- 
chloride (0 03 milliequivalent) is dissolved in 50 cc 
of 95% ethanol (wherever an alcohol-insoluble 
amino acid is used, a few drops of dilute hydrochloric 
acid are added to bring about solubility). A 2-cc. 
aliquot is placed in a 25-cc volumetric flask and 
diluted with 4 5 cc of 95% ethanol and 12 2 cc. of 
acidic sodium chloride reagent (170 Gm of sodium 
chloride in sufficient 1 N hydrochloric acid to make 
1000 cc ) A 2 5-cc portion of freshly prepared 1% 
sodium nitrite solution is added, and the resulting 
solution placed in the dark for twenty minutes. A 
yellow color develops Addition of approximately 
3 8 cc of concentrated ammonium hydroxide (up to 
the graduated mark) produces an orange color. 

This test was also performed on dihydroxypheny'l- 
alanine and tryptophan and the results, as well as 
results on various iodinated phenolic amino acids, 
are listed in Table I 

Spectrophotometrie absorption curves of the 
colored products of triiodothyronine and thyroxine 
exhibited absorption maxima at 475 and 495 mg, 
respectivelj' (Fig 1) This distinct difference in 
the maxima showed that the orange color of triiodo- 
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thyronine is not a dilution of the pink color of 
th 3 fro\ine but is characteristic of triiodothi^ronine. 


DISCUSSION 

Roche and Michel (5) reported that, in addition 
to thyroxine and diiodotyrosine, the reaction is 


Table I — Kenpall-Osterberg Color Reaction 
WITH Aromatic Amino Acids 


Amino Acid*^ 

Color 

Tyrosine 

Colorless 

Monoiodotyrosine 

Orange 

Diiodotyrosine 

Pink 

3,5-Diiodothyronine 

Colorless 

3,5,3 '-Triiodothyronine 

Orange 

Thyroxine 

Pink 

Dihydroxyphenylalanine 

Amber 

Tryptophan 

Colorless 


“ The first 6 compounds were prepared analyticaUy pure 
m our laboratory The dihydroxyphenylalantne was East- 
man’s white label grade The tryptophan was an analyti- 
cally pure compound obtained from Schwarz Laboratones, 
Inc 



given by three noniodinated amino acids, dihydrovy- 
phenylalanine, tryptophan, and tyrosine. Trypto- 
phan gives a measurable color only in a much greater 
quantity (1 mg.) than would be present in samples 
used in their method, and tyrosine gives only about 
Vso the color intensity of diiodotyrosine They 
also reported that monoiodotyrosine does not give a 
color with nitrous acid and ammonia Contrary to 
their findings we found that; (o) dihydroxyphenyl- 
alanine gives an amber color; (b) trj^ptophan gives 
no observable color even in greater quantity (ten 
times optimal concentration) ; (c) tyrosine gives no 
observable color; and (d) monoiodotyrosine gives 
an orange color. Further investigation of the color 
obtained with dihydroxphenylalanine showed that 
the same color is produced when the amino acid is 
dissolved in concentrated ammonium hydroxide 
alone Therefore, the coloration of this substance is 
probably due to formation of a quinoid structure 
under conditions of alkaline oxidation and not to 
any reaction with nitrous acid. During the addi- 
tion of the nitrous acid no color formation was ob- 
served, whereas a yellow color is always obtained 
witli iodinated tyrosines and 3,5-diiQdothyronines 
Besides using this method for the determination 
of thyroxine in tablets, Adamson, el al. (7), found 
that 3,5-diiodothyronine gives about 65% of the 
color intensity of thyroxine when subjected to the 
color reaction. On the other hand, we obtained no 
color with diiodothyronine. Since our method is a 
virtual duplication of theirs, this difference is not 
attributable to experimental conditions. It may 
involve compound purity, and in this connection, 
it is noteworthy that 3,5-diiodothyronine and tyro- 
sine are similar in that no iodine is present on the 
hydroxylated benzene ring; therefore, no reaction 
with nitrous acid would be expected 
Platt and Wenner (9) used this color test to de- 
termine the completeness of extraction of 3,5,3'- 
triiodothyronine from a crude triiodothyronine con- 
taining 10-15% thyroxine as an impurity in a con- 
tinuous countercurrent solvent extraction column 
They reported a red color as a positive test for 3,5,3'- 
triiodothyronine This is in disagreement with our 
results shown in Table I We obtained an orange 
color corresponding to the orange color obtained 
with monoiodotyrosine, a molecule of related struc- 
ture It appears that the orange color is associated 
with an ortho iodo-phenolic hydroxyl relationship on 
an aromatic amino acid It is predicted that 3'- 
iodothyronine, 3,3'-duodothyronine, or any 3'- 
iodinatcd thyronine will give the same color 
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Properties and Applications of Powdered 
Polysaccharide Acids IV.* 


Comparison of Carboxymethylcellulose (HCMC) and Cornstarch as 

Tablet Disintegrants 

By LLOYD KENNONf and JOSEPH V. SWINTOSKYf 

Sulfathiazole tablets were prepared through a compressional force range of 0 25 to 
2 tons per tablet Tablet hardness and disintegration time were compared for car- 
boxymethylcellulose and cornstarch disintegrants through a concentration range of 
1 to 30%. The results indicate that hardness and disintegration times were similar 
for both disintegrants, except at the 30% starch concentration where tablet hardness 
was very low Generally, hardness increased rapidly with increase in compres- 
sional force and was not depressed appreciably by increased disintegrant concen- 
trations Disintegration times decreased rapidly with increased disintegrant con- 
centrations. The principal advantages of HCMC in this formulation are that it can 
be granulated wet with die other tablet components without losing its disintegrant 
properties upon drying, also, wet granulations employing it dry faster than those 
without It, and the resultant tablets are somewhat harder than the corresponding 
tablets containing starch as the disintegrant. 


Tn A PREVIOUS PUBLICATION the preparation and 

properties of carboxymethylcellulose (HC 
MC) obtained b\ ion exchange of sodium car- 
boxymethylcellulose followed by spray drying 
uere described (1) Possible areas of pharma- 
ceutical usefulness of this product have been 
noted (2-4) The present study was under 
taken to con pare the disintegrant properties of 
this material to cornstarch in sulfathiazole tab- 
lets An effort uas made to determine the inter 
relationships of such variables as compressional 
force, hardness, disintegrant concentration, and 
disintegration time 

The literature describes a comparison of po 
tato starch and alginic acid as disintegrating 
agents (5) Also a number of publications have 
defined the problems, described the equipment, 
and suggested methods for studying the static 
and dy namic factors which affect tablet formula 
tion and manufacture (3, 5-27) 

EXPERIMENTAL 

Source of HCMC and Starch. — The method of 
preparation of the HCMC by ion exchange was 
modified from the preiious procedure (1) Eight 
4,000 cc Erlenmejer flasks, each containing 1 Kg 
of acid charged sulfonic acid cation exchange resin, 
Amberlitc IR 120 (Rohm &. Haas, Philadelphia, Pa ) 
u ere emploj ed Three liters of 2% CMC, Premium 
Lou Viscositj T\pe 70 (Hercules Poudcr Co, 
Wilmington, Delauare), in aqueous solution uas 
added to flask 1, shaken periodicallj for fifteen to 
tuentx minutes, then decanted into flask 2 after the 
resin settled The process uas repeated serially 


*Recei\ed August 30 19 j 7 from the laboratories of the 
Uni\ersit> of Wisconsin School of Pharmac> Madison 

t Present address Smith Kline and I rench f aboratones, 
Philadelphia 1 Pa 


until transfer through the eight flasks was complete 
About 10 liters of solution uere made before it uas 
necessary to uash and recharge the resin A ulnte 
pouder was obtained by spray drying the HCMC 
solution as previously described (1) 

A food grade Argo cornstarcli uas used in this 
study 

Preparation of the Granulations. — The granuh 
tion for the starch containing formulations uas 
made by adding 30 Gm of 10% starch paste to each 
97 Gm of sulfathiazole, U S P XIII pouder 
(Mallinckrodt) The mixed mass was then pushed 
through a U S No 10 mesh stainless steel uire 
sieve, and the resulting granules uere dried at 45° 
for four hours The dried granules u ere then pushed 
through a No 20 mesh sieve and collected on a No 
60 mesh sieve The granules used to make tablets 
were those uhich passed through the former, but 
not the latter Tliese granules, containing 97% 
sulfathiazole, constituted the master granulation 
Portions of it uere used to make seven other gran- 
ulations simply by mixing with proper amounts of 
dry' Starch pouder to get granules for compression 
containing 1%. 2%, 4%, 8%, 15%, 30%, and 00% 
of dry starch 

The material for compression containing HCMC 
ua« made by adding the HCMC to the sulfathiazole 
pouder, mixing, adding starch paste uith some ad 
ditioiial water, granulating, and dry ing Granule 
size uas standardized uith No 20 and No GO mesh 
sieves also The preparation of the six HCMC- 
sulfathiazole granulations is summarized in Table I 

The granulations containing 15% and 30% 
HCMC become slightly’ tan during the dry iiig proc 
css This appeared to have been caused either by 
an unnecessarily protracted dry mg time or by i 
slightly excessn e dry mg temperature These gran- 
ulations dried \ ery rapidly 

Compressing the Tablets — Se\ cn sulfathi izole 
granulations employing dry starch pouder as (hs 
integrant and six employing HCMC as the disiiitc 
grant uere used for compression into tablets Por- 
tions of 0 330 Gin c.ach uere ucighed .md com 
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Tahle I. — Composition of HCMC-Sdlfathiazole Granulations 


Granulation No, — ^ 

1 

2 

3 

4 

5 

G 

HCMC, per cent 

1 

2 

4 

8 

15 

30 

Sulfathiazole, Gm. 

96 

95.1 

93.1 

89.2 

82.4 

67.9 

10% Starch paste, Gm. 

30 

29 

29 

28 

26 

21 

HCMC, Gm. 

1 

2 

4 

8 

15 

30 

Additional water, cc. 

14 

14 

23 

27 

36 

60 

Drying time, hr. 45° 

2 

2 

2 

2 

2 

1 .5 


pressed into tablets using a special ’/s-inch punch 
and die set and a mechanical lever machine of a 
type previously described (6). The seven compres- 
sional forces used were 500» 1,000, 1,500, 2,000, 
2,500, 3,000, and 4,000 pounds per tablet. The 
4,000-lb. level corresponds to a pressure of 18 tons 
per sq. in. Good tablets are often prepared indus- 
trially at pressures of approximately 10 tons per 
square inch (.28). Hence this report deals with a 
range that is significant in actual tablet manu- 
facturing. Each of the 13 granulations was com- 
pressed into tablets at the seven force levels men- 
tioned. Twenty tablets from each of the starch- 
sulfathiazole granulations and 12 tablets front each 
of the HCMC-sulfathiazole granulations were 
punched. Half of each separate group of tablets 
was used for the disintegration time determinations 
and half for the hardness tests. 

The granulation containing 00% dry starch was 
not amenable to compression into tablets even under 
a compressional force of 10,000 lb. 

Hardness Test. — ^Tablet hardness was determined 
with the Strong-Cobb tablet hardness tester (7, 29). 

Disintegration Time Determination, — ^The 
method used for determining the disintegration 
times of the tablets vtas essentially that of the 
U. S. P. XIV (30) with the following modifications. 
The basket rack contained four compartments in- 
stead of the six recommended in the U. S. P. Water 
was used as the disintegration fluid, and its tempera- 
ture was maintained at 37°. The submerged basket 
rack was raised and lowered tlirough approximately 
a 5-cm. range 31 times a minute. A tablet was con- 
sidered disintegrated when all of its fragments 
passed through the No. 8 mesh screen floor of its 
compartment in the basket rack. 

RESULTS AND DISCUSSION 

As shown in Fig. 1, scale readings of the Strong- 
Cobb hardness tester are linear with respect to pres- 
sure as determined with a compression tank and 
gauge. The results of the disintegration time and 
liardness tests are shown graphically in Figs. 2-5. 
Median values were used in this study. They were 
used because tlie number of tablets in each group 
tested was relatively small so that the occasional 
widely variant value encountered ivould affect the 
mean to an extent not commensurate with its own 
significance. 

The probable errors figured for all the data taken 
on tlie basis of mean values were between 2% and 
15%. Since median (not mean) values were used 
for tile graphs, the errors should be less than the 
calculated ones because the occasional widely di- 
vergent results are eliminated. 

Observation of Figs. 2 and 3 indicates increased 
disintegration time as the compressional force used 
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Fig. 1. — Plot shows the result of calibrating the 
Strong-Cobb hardness tester with a tank of com- 
pressed air. 



COMPRESSION FORCE PER TABLET (TON) 

Fig. 2. — Graph shows the effect of compressional 
'’t IliG disintegration time of sulfathiazole 
tablets containing various percentages of HCMC 
as disintegrant. 


to make the tablets is increased. It is seen that the 
time of disintegration decreases greatl}^ as the per- 
centage of the disintegrant is increased. As the 
compressional forces are increased there is little 
difference between the disintegration times of the 
tablets containing 15% and 30% starch or HCMC. 

In Figs. 4 and 5 it is observed that hardness gen- 
erally increases quite rapidly with increase in com- 
pressional force. These figures are shown in the 
form of swath-graphs because the hardness values 
covered by the swath are primarilv a function of the 
compressional force and appear to be much less 
dependent on disintegrant concentration. Hence 
It IS not helpful to trace the individual lines which 
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cross and intermingle frequently In general, 
honev'er, tablet hardness appeared to decrease with 
disintegrant concentration, at least at the higher 
levels This is most evident at tlie 30% starch 
concentration where tablets were relatively soft at 



COMPRESSION FORCE PER TABLET (TON) 


Fig 3 — Plot illustrates the effect of compressional 
force on the disintegration time of sulfatliiazole 
tablets containing various percentages of starch as 
disintegrant 



COMPRESSION FORCE PER TABLET (TON) 

Fig 4 — Plot indicates the effect of compressional 
force on the hardness of sulfatliiazole tablets con- 
taining various amounts of HCMC 
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HARDNESS VS COMPRESSION FORCE 
SULFATHIAZOLE TABLETS 



30% STARCH 


0 05 I 15 2 
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Fig 5 — Graph demonstrates the effect of com- 
pressional force on the hardness of sulfatliiazole 
tablets containing various amounts of starch 


all compressional forces because of the poor com- 
pressibility of this component 

The principal advantages of HCMC in this sul- 
fathiazole formulation are: (a) It can be granulated 
wet with the other tablet ingredients without losing 
its disintegrant properties upon drying, hence, an 
evtra weighing and mixing step in the tablet maiiu- 
facturing procedure is eliminated, (b) wet granu- 
lations employing HCMC dry faster than the same 
granulations without it; (c) since HCMC is granu- 
lated along with the other ingredients, the tablets 
containing HCMC as the disintegrant are some- 
what harder than the corresponding tablets con- 
taining starch, because no extra “fines” are added to 
the former. Starch, however, has advantages when 
the choice of a disintegrant is considered solely on 
the basis of cost and availability. 

A comparison of all the data indicates that there 
is no great difference between HCMC and starch as 
regards hardness and disintegration times of sulfa- 
thiazole tablets where they are used as disintegrants 
These and previously published results (2, 3, 5) 
are in concordance with the view that numerous 
polysaccharide acids and synthetic cation exchangers 
may be expected to possess useful tablet disintegrant 
properties by virtue of their swelling in water 
This study is suggestive of a procedure that may 
be used for evaluating such or other new materials 
for utility as tablet disintegrants as they become 
available 
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Synthesis and Antifungal Studies on New Organic 

Sulfur Compounds* 

By AMRUTLAL M. SHAH and JAMES W. JONESf 

Six derivatives of o-phenylenediamine-bis-dithiocarbamic acid and six derivatives 
of 4-chloro-o-phenylenediamine-bis-dithiocarbamic acid were prepared. Twelve 
new compounds, undecylenic acid and ethanol were screened for antimycotic activ- 
ity against yll. Gypseum, M. Cants, T. Rttbrum, and T. Mentagrophyte by agar plate, 
paper-disk technique. All the compounds were more effective than undecylenic 
acid against all of the organisms with exception of the sodium salts of o-phenyl- 
enediamine-bis-dithiocarbamic acid which was more effective only against M. Cants 

and T. Rtthrunt. 


V ITAL STATISTICS reveals that fungal diseases 
of men are growing health problems (1). 
The search for antifungal agents has been in 
progress for several decades. Sulfur has long 
played an important role in the combat between 
humans and lower form of life as pests, fungi, 
and bacteria. Horsfall (2) reviewed the antimy- 
cotic therapy and presented a classification of 
antifungal agents. More recently organic sulfur 
compounds have been considered to be valuable 
as antifungal agents. Extensive researches have 
been carried out by plant pathologists for utiliz- 
ing these organic sulfur compounds, dithio- 
carbamic acid and its derivatives, as agricultural 
fungicides (3,4). The above compounds showed 
remarkable antimicrobial activity for the treat- 
ment of fungus diseases of plants, however, very' 
little attention has been given to their use in 
human chemotherapy'. 

Several esters of ethylene-bis-dithiocarbamic 
acid have been prepared in this laboratory' and 
tested against human pathogenic fungi. Some 
of the compounds were found to be as active as 
undecylenic acid. The pungent odor and chem- 
ically unstable nature of these compounds is a 
hindrance to their pharmaceutical application 
(5). 

In this investigation, an attempt has been 
made to prepare several esters of o-phenylene- 
diamine-bis-dithiocarbamic acid and 4-chloro-o- 
phenylenediaminc-bis-dithiocarbamic acid. 

EXPERIMENTAL 

Synthesis 

A . — Disodium o-phenylenediamine-bis-dithio- 
carbamate, B. — Disodium 4-chloro-n-pbenylenedi- 
amine-bis-ditbiocarbamate. — One-eighth mole (13.5 
Gin.) of o-phenylenediaraine or 17. C4 Gin. of 4- 
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chloro-o-phenylenediamine was dissolv'ed, with the 
aid of heat, in 50 ml. of water in a three-necked, 500 
ml. flask, fitted with a reflux, mercurj'-seal con- 
denser and a dropping funnel. The solution was 
cooled to 30° and a solution of one-fourth mole (11 
Gm.) of sodium hydroxide in 50-ml. of water was 
added in one lot. This mixture was stirred for fif- 
teen minutes. One-fourth mole (22 Gm.) of car- 
bon disulfide was then added dropwise, with stirring, 
over a period of thirty' to forty minutes. The 
mixture was stirred at 30-40° for three and one- 
half hours. The solution was then evaporated to a 
small volume and an excess of acetone was added. 
This mixture was placed in a refrigerator until crys- 
tallization was complete. The crystals were puri- 
fied by' several recrystallizations from aqueous solu- 
tion by the addition of acetone. 

Esters of o-phenylenediamine-bis-dithiocarbamic 
acid and 4-chloro-o-phenylenediamine-bis-dithio- 
carbamic acid. — In preparing the esters, the sodium 
salts of the acids were prepared as described above 
except that the pheny’lenediamines were dissolved 
in alcohol instead of water. After the initial mix- 
ture had refluxed for three and one-half hours, one- 
fourth mole of alkyl halide was added over a period 
of fifteen minutes. The mixture was then refluxed, 
with stirring, for six hours, during which time a 
dark, oily' or resinous mass separated. The oil or 
mass was collected by' decanting the mother liquor 
and extracting the residue with ether. After 
evaporating off the ether, the residues were dried in 
a vacuum oven at 50° for twenty-four hours. 

The yields and N analyses are shown in Table I. 
Mycological 

The compounds sy'nthesized were tested for anti- 
fungal activity by the procedure described by 
Klinginan and Rosenweig (G) for the determination 
of fungicidal activity' in vitro. 

Table I lists the structural formulas and numbers 
of the compounds tested for antimycotic activity. 
The results of the mycological work are summarized 
in Tables II, III, IV, and Y. 

DISCUSSION 

It was found that the sodium salts and the methyl 
and ethyl esters of the dithiocarbamic acids were 
unstable and decomposed at room temperature while 
the ally], epoxypropyl, and benzyl esters were 
stable. According to Horsfall, cl at. (7), decom- 
position may be due to formation of the correspond- 
ing isothiocyanates. 
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Table I — Compounds Synthesized and/or 
Tested 






N 


R 

Yield, 

N Tied , 

round, 



% 

0 

% 


S H 

11 1< 


s 

11 



R— S— C—N 

,/n— 

■C- S— R 


1 

Na— 

40 



2 

CHi— 

70 

9 79 

9 58 

3 

C 2 H 5 — 

40 

8 86 

8 92 

4 

CHe=CHCH-.— 

50 

8 21 

8 15 

5 

CH 2 — CH— CHs— 

47 

7 50 

7 32 






6 

CcHi— CHo— 

T/ 

6 34 

6 41 



.Cl 




S H/— 

- , H 

S 



11 l<( 


II 



R— S— C— 

- <CN~ 

-C— S— R 


7 

Na— 

39 



8 

CHj— 

69 

8 06 

8 50 

9 

C 2 H 5 — 

70 

7 98 

7 89 

10 

CH«=CH— CH 2 — 

55 

7 40 

7 31 

11 

CH 2 — CH— CH,— 

80 

0 SO 

0 90 


No/ 




12 

CeHs— CHi— 

SO 

5 89 

5 71 

13 

Undecylenic Acid 




14 

Ethanol 





Table 11 - 

—Zones of Inhibition in Millimeters 
ll AINST M GvPSEUM 

Compound '<70 1% 

2% 

3% 

4% 

5% 

1 

0 

0 

0 

0 25 

0 25 

2 

0 25 

1 00 

3 25 

4 25 

7 25 

3 

0 

0 25 

1 00 

2 25 

4 00 

4 

0 

1 25 

4 00 

4 50 

0 50 

*) 

0 

0 

5 00 

1 00 

1 50 

0 

2 00 

3 50 

7 00 

8 75 

10 50 

7 

0 

0 

0 

0 

0 

8 

5 25 

10 25 

11 50 

15 00 

15 50 

9 

4 50 

9 00 

10 75 

12 00 

13 00 

10 

1 50 

3 00 

0 00 

7 50 

9 75 

11 

1 25 

1 75 

2 75 

3 25 

5 25 

12 

5 75 

9 00 

9 75 

10 50 

12 00 

13 

0 

0 

0 25 

0 50 

1 50 

14 

0 

0 

0 

0 

0 

Table III 

— Zones or Inhibition in Millimeters 
Against T Rubrum 


Compound No 

1% 

2% 

3% 

4% 

5% 

1 

9 75 

13 00 

15 75 

19 00 

20 50 

2 

11 75 

12 75 

18 25 

19 50 

21 00 

3 

n 50 

14 50 

18 25 

21 25 

21 50 

4 

13 00 

17 50 

18 00 

18 75 

20 25 

5 

4 50 

11 50 

13 25 

16 75 

18 75 

6 

13 25 

14 00 

15 60 

10 25 

IS 50 

7 

3 50 

5 00 

0 00 

7 00 

8 75 

8 

13 25 

15 75 

IG 00 

17 00 

18 25 

9 

10 00 

11 50 

12 00 

13 25 

17 75 

10 

11 50 

12 25 

12 50 

14 00 

18 50 

11 

10 25 

12 25 

13 25 

15 00 

15 50 

12 

14 00 

15 00 

18 25 

20 75 

20 75 

13 

0 25 

8 00 

8 50 

9 25 

9 75 

14 

0 

0 

0 

0 

0 


The procedure used for testing antifungal activity 
does not give the inhibition value as an end point, 
which is the minimum concentration required to 
inhibit the growth of a certain species The method 
gives a preliminary indication of the potential 
which a compound might possess in comparison to a 
standard antifungal agent which is used frequently, 
tindecylenic acid 

The Tables II, III, IV, and V indicate that most 
of the compounds were active against one or more 
strains of fungi One factor which influences the 
width of inhibition zone is the speed with which the 
organism grows il/ Gypsettm and T. Mentagro- 
phyte seem to grow considerably faster than M. 
Cams and T Rtibrnm 

Compounds 1 and 7 are w'ater-soluble sodium 
salts Generally, they were less active than undec- 
ylenic acid against all 4 organisms Compounds 
2 and 8, the methyl esters, showed more activity 
than undecjdenic acid against all 4 organisms 
Klopping and Van der Kerk (8) showed that opti- 
mum activity occurs w'ith the lower alk 3 'l esters, i e , 
the methyl and ethyl esters of dithiocarbamic acids 
The results in this work agree with that observation 
Compounds 3 and 9, the ethjd esters, tvere consider- 
ably more active than undecylenic acid against all 
4 organisms, less active than compounds 2 and 8 
against ilf Gypscum and T Mentagrophyteandahoni 
equally as active against Jl/ Cams and T Rnbnm 


Table IV — Zones or Inhibition in Millimeters 
Against M Canis 


Compound No 

I 

% 

2% 

3% 

4% 

5 

% 

1 

9 

50 

11 

00 

13 

00 

14 

25 

17 

50 

2 

10 

00 

13 

00 

15 

50 

16 

00 

21 

00 

3 

9 

75 

11 

75 

15 

26 

17 

00 

18 

00 

4 

8 

00 

11 

50 

12 

50 

13 

00 

14 

25 

5 

3 

00 

4 

25 

6 

25 

8 

25 

9 

60 

6 

9 

50 

10 

75 

11 

00 

13 

50 

14 

60 

7 

0 


2 

00 

3 

00 

3 

25 

4 

00 

8 

7 

50 

12 

76 

13 

50 

16 

75 

18 

25 

9 

8 

75 

13 

50 

15 

25 

17 

00 

18 

00 

10 

8 

00 

9 

50 

13 

60 

15 

00 

15 

25 

11 

9 

00 

9 

50 

10 

00 

10 

50 

11 

50 

12 

12 

25 

13 

25 

14 

25 

16 

00 

17 

75 

13 

2 

25 

3 

25 

5 

50 

7 

25 

7 

50 

14 

0 


0 


0 


0 


0 



Table V 

—Zones or 
Against T 

Inhibition in Millimeters 
Mentagrophvte 

Compound No 1% 

3% 

3% 

1% 

5% 

1 

0 

0 

0 

0 

2 00 

2 

5 75 

7 25 

9 50 

9 75 

11 00 

3 

2 00 

3 00 

5 so 

G 00 

0 50 

4 

1 00 

2 00 

2 50 

5 25 

0 no 

5 

2 00 

2 00 

2 50 

4 00 

4 50 

0 

2 75 

0 00 

7 75 

8 00 

9 26 

7 

0 

0 

0 

2 00 

2 26 

8 

4 75 

6 00 

7 75 

9 25 

11 23 

9 

2 75 

4 50 

0 00 

8 00 

8 .50 

10 

4 00 

5 75 

7 25 

9 00 

10 00 

11 

2 00 

2 50 

3 00 

4 25 

6 00 

12 

0 75 

7 25 

8 25 

9 25 

10 7.5 

13 

2 00 

2 75 

3 00 

3 50 

4 00 

14 

0 

0 

0 

0 

0 
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The decrease in activity might be due to the ester 
cliam being increased «itli a consequent decrease 
in the extent of ionization Compounds 4 and 10, 
the allyl esters, were considerably more active than 
undecylenic acid against all 4 organisms, but shoived 
an activity which, in general, was less than that 
of the methyl esters Again, a decrease in anti- 
fungal activity by lengthening the carbon chain in 
the ester part of molecule was shown Howex^er, 
the allyl esters showed more activity than the 
epoxypropyl esters against all 4 organisms Ac- 
cording to Friedman (9). this greater activity may 
he due to the — -CH— CH — group Compounds 
6 and 12. the benzjl esters, w'cre more inhibitorj' 
against all 4 species than the allyl or epoxypropyl 
esters but less inhibitory than the methyl esters 
with some exceptions The greater activity over 
the allyl or epoxypropyl ester may be due to the 
fact that these compounds have a smaller number 
of aliphatic carbon atoms in the ester chain of 
molecule The lesser activity of the benzjd esters 
than that shown by the methyl esters may be due 
to the higher molecular weight of the ester group, 
w hich may decrease the tendency of the compounds 
to ionize causing them to be less effective 


Compound 14, ethanol, showed no inhibition 
against an}' of the fungi used. It was used as a 
control since it was used to dissolve the esters 

In the past, many efforts have been made to 
change the molecular structure of this type of com- 
pounds xvith regard to the thiocarbamate portion 
and to compare their activities The results of this 
investigation suggest that dithiocarbafflic acid de- 
rivatives prepared from n-phenylenediamine and 4- 
chloro-o-phenylenediamine possess a higher anti- 
fungal activity than derivatives prepared from 
ethylenediamine 
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The Pharmacology of 

4-[2-(5-Phenyloxazoyl)]-l-Methylpyridinium Chloride 
and p "T oluenesulfonate* 

By THOMAS J. HALEY, ANNA M. FLESHER, and N. KOMESU 

It has been shown that 4-(2-(5-phenyloxa2oyl)]-l-methylpyridinium chloride or 
/i-toluenesulfonate produced a dose dependent hypotension which could not be modi- 
fied by atropine and pyrilamine maleate. There was no significant effea on respir- 
ation until exitus. Electrocardiographic changes indicate that these compounds 
are toxic to the heart. There was no evidence that the pyridinium compounds had 
any cholinergic, adrenergic or ganglionic blocking properties. Although the pyri- 
dinium compounds produced hypothermia, their potency was of a low order while 
their toxicity was of a high order, thus preventing use in therapeutics. The pyri- 
dinium compounds do not induce or prevent chromoachryodynia in rats but their 
vasodilator effect does prevent epinephrine death in mice. * 


nCENTLX', Luslibaugh, ct a! (1), reported 
that tlie oxazole quaternary salts produced 
poikilothermia in mice Haley, ct al (2), ob- 
serx'ed that these eompounds also produced hy- 
potension, but had no effect on autonomic gan- 
glia Ott, cl al (3), synthesized the chloride and 
p tolucnesulfonate salts of a neu' compound, 4- 
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l2-(5-phenylo.xazoyl) ]-l -methylpyridine. The 

quaternary nitrogen is in the pyridyl rather than 
the oxazoyl ring (Fig. 1). We have investigated 
these compounds to determine what differences 
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in pharmacological activity have been produced 
by such structural changes. 

EXPERIMENTAL 

Nineteen cats of both sexes, weighing 2.2 to 3.85 
Kg., were anesthetized with 35 mg., 'Kg. of sodium 
pentobarbital intraperitoneally. Blood pressure 
was recorded from the carotid artery with a mercury 
manometer. Respiration was recorded by the 
method of Haley (4) . In silu intestinal contractions 
were recorded with a balloon-tambour system. 
The ECG was obtained with Lead II of a Sanborn 
\'iso-Cardiette. Ganglionic effects were studied by 
recording contractions of the nictitating membrane 
following stimulation of the preganglionic cervical 
sj’mpathetic fibers with 8\'/10 sec. from a Grass 
Model S-4 Stimulator. Similar stimulation of the 
vagus nerve was used to study anticholinergic 
activity. Five spinal cats were prepared in the 
usual manner. Doses of the drugs used were: 
pyridinium compounds, 0.5-15 mg./Kg., epine- 
phrine, 3 meg. /Kg,, acetylcholine, 5 meg. /Kg.; 
histamine, 0.1 mcg./Kg., atropine, 2 mg./Kg.; and 
pyrilamine maleate, 1 mg./Kg. The blocking drugs 
were given one-half hour prior to the' pyridinium 
compounds and tests were made after each dose to 
establish the maintenance of the blockade through- 
out the experiment. Effects on body temperature 
were studied in CF-1 mice using electrical thermom- 
eters according to the method of Clark and Tro- 
lander (5). Cholinergic stimulant effects were 
studied using the chromoachryodynia response of the 
rat (5, 7). Effects on epinephrine mortality in mice 
were studied by the method of Loew and Micetich 
(8). Ocular effects were studied after topical 
application to the eyes of New Zealand rabbits. 

RESULTS 

Cardiovascular and Respiratory Effects. — Both 
pyridinium compounds produced a hypotension 
which depended upon the initial blood pressure and 
the dose administered, see Table I. A response 
plateau usually developed at the 10 mg./Kg. dose 
level. With most animals, there was an abrupt 
hypotensive response followed by a progressive 
continuous decrease in mean arterial pressure. 


The duration of effect varied with each dose and 
usually was of the order of fifteen to twenty minutes 
at the 5 mg./Kg. dose. The pyridinium compounds 
appeared to have some cumulative action, possible 
on receptors in the peripheral vascular system, 
because there was a tendency to bleed from the in- 
cisions associated with the insertion of the various 
recording devices. This effect became pronounced 
after the 5 mg./Kg. dose at which time the animals 
had received a total dose of 8.5 mg./Kg. Based 
on an equivalent hypotension, acetylcholine is 
1,000 times and histamine 5,000 times more active 
than the pyridinium compounds. Neither atropine 
nor pyrilamine maleate was able to block the pyri- 
dinium compound induced hypotension, although 
the former blocked the acetylcholine response and 
the latter blocked the histamine response. How- 
ever, they did reduce the progressive decrease in 
blood pressure which followed the initial abrupt fall. 
This stabilization of the blood pressure resulted in 
greater responses at the higher doses. In the spinal 
cat, both pyridinium compounds produced their 
usual hypotensive response. 

Neither pyridinium compound had any great 
effect on respiration except to produce a slight tran- 
sient increase in depth coincident with the hypo- 
tension. Cheyne-Stokes respiration occurred spor- 
adically in several animals. Death was due to re- 
spiratory failure coupled with cardiovascular col- 
lapse. 

Effects on the Electrocardiogram. — Both pyri- 
dinium compounds had a progressive negative 
chronotropic effect on the cat heart in situ, finally 
reducing the heart rate 40 to 60 beats/minute. 
This effect was not modified by atropine and pyril- 
amine maleate. There was a transient increase in 
the height of the T-wave with each dose of pyri- 
dinium compounds, indicative of cardiac anoxia. 
Of a more serious nature was the observation of 
auricular fibrillation, sinus arrhythmia, trigemin)’, 
ventricular tachycardia, left bundle branch block 
and left ventricle strain. These electrocardio- 
graphic changes were observed in the majority 
of animals and were only partially blocked by atro- 
pine and pyrilamine maleate. At exitus all cats 
showed auriculoventricular dissociation, but this 
occurred only after respiratory paralysis. 

Effects on the Autonomic Nervous System. — 
Neither compound had any effect on the response 


Table I. — Hypotensive Effects of Quaternary Pyridinium Compounds 




Hypotension in 

Millimeters of Mercury 






Atropine and 

Compound 

Dose, 

No. Blocking Drug, 

Pyrilamine Maleate, 

mg./Kg. 

Alean ^ 

S. E. 

Mean ± S. E. 

4-2-(5-phenyloxazoyl)-l-methylpyridinium 

0.5 

47 

rt 

1.2 

20 

± 

3.8 

chloride 

1.0 

51 

rfc 

3.1 

43 

± 

2.4 


2.0 

74 

rfc 

4.1 

71 

± 

4.1 


5.0 

82 

=b 

3.6 

103 

± 

7.2 


10.0 

71 

zfc 

6.4 

100 

± 

6.5 


15.0 




03 

± 

9.0 

4-2- (5-phenyloxazoyl) - 1 -methy Ipj-ridinium- 

0 5 

41 

liz 

4.04 

27 

=t 

1.0 

p-toluenesulfonate 

1.0 

42 


4.09 

35 

± 

2.7 


2 0 

38 


2.95 

44 

± 

0.0 


5 0 

77 

rt 

10.28 

88 

± 

5.5 


10.0 

81.5 


11.3 

88 

± 

7.5 


15.5 

76 

=fc 

13.9 

91 

± 

9.3 
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of the nictitating membrane to preganglionic stimu- 
lation; also they did not block the response pro- 
duced by intravenous epinephrine or acetylcholine. 
The pyridinium compounds did not cause contrac- 
tion of the nictitating membrane at anj’- of the doses 
used. No adrenergic blocking or atropine-like 
effects of the pyridininni compounds were observed 
when epinephrine or aeetjdcholine was administered 
intravenously. Furthermore, the effects of vagal 
stimulation on the heart, blood pressure, and in- 
testinal motility were not inhibited by the pyri- 
dinium compounds. 

Effects on Intestinal Motility in Situ . — Both 
compounds increased the tonus, amplitude, and 
rate of contraction of the cat intestine at all doses 
used and the maximum effect was obtained at 5 
mg./Kg. Such effects were greater than those 
produced by acetylcholine and had a longer dura- 
tion. The intestinal relaxation produced by epine- 
phrine was not affected by the pyridinium com- 
pounds. 

Effects on Body Temperature. — Administration 
of 100 mg./Kg. of the methochloride derivative re- 
duced mouse body temperature from the control 
value of 30° to 25.5° within three hours, but four 
of five mice died. With the meth 3 d-/)-toluenesul- 
fonate derivative, a dose of 200 mg./Kg. killed six 
of six mice over a period of five hours, thus prevent- 
ing any evaluation of hypothermic effect. A dose 
of 150 mg./Kg. reduced body temperature from the 
control 30° to 26.2° six hours after injection, at 


ium compounds were greatly depressed, quiescent, 
and cold to the touch. The compounds also appear 
to have a low renal threshold because they rapidlj' 
appeared in the urine giving it their characteristic 
fluorescent j’ellow color. It was quite evident that 
the methochloride derivative was more toxic than the 
methyl-/>-toluenesulfonate derivative and that both 
compounds become more toxic after the epinephrine 
injection, see Table II. 

A profuse chromoachrj’odjmia was produced in 
rats by 10 mg./Kg. of acetyl-(3-methylcholine but 
neither pjTidinium compound was capable of either 
initiating or blocking this effect at doses of 100, 
250, or 500 mg./Kg. Furthermore, the two higher 
doses were lethal within five to ten minutes and the 
smaller dose shortly after the test dose of acetjd- 
/J-methylcholine. 

DISCUSSION 

The substitution of the pj'ridyl group for the 
1-naphthjd, 4-methylphenyl or 4-methox5’phen}d 
group in position 2 of the o.vazole ring with the quat- 
ernary nitrogen in the pyridyl group, rather than in 
the oxazoyl group, increases the overall toxicitj" and 
decreases the hypothermic activitj^ of the compound. 
This also introduces a series of detrimental myo- 
cardial effects which would prevent anj' application 
of the pyridinium compounds in human therapeutics. 
In all other aspects, both series of compounds appear 
to produce almost equivalent pharmacological ef- 
fects. In so far as their hypotensive actions are con- 


Table II. — Epinephrine To.xicitv Antagonism by PyridiniIim Compounds 


Compound 

Saline 0.9% 

4-2- (5-phcnyloxazoyl) -1-me thylpj'ridiniu m 
chloride 


4-2-(5-phenylo.xazo5'l)-I-meth>dpjTidinium-p- 

toluencsulfonatc 


I, P. Dose, 
mp./Kg. 

1 

'Total Mortality by Hours- 
5 7 

34 

1 ml. 

7/10 

8/10 

8/10 

9/10 

75 

0/10“ 

0/10 

1/10 

1/10 


0/10 

2/10 

5/10 

10/10 

100 

1/10“ 

4/10 

4/10 

5/10 


0/10 

6/10 

10/10 

10/10 

75 

0/10“ 

0/10 

0/10 

0/10 


0/10 

0/10 

2/10 

8/l0 

100 

0/10" 

0/10 

0/10 . 

1/10 


0/10 

1/10 

5/10 

10/10 


“ Control no epinephrine, all other mice received M ms./Kg. of epinephrine hydrochloride intravenously thirty minutes 
after the pyridinium compound. ^ 


which time three of six animals died. The 100 
mg./Kg. dose was not lethal but reduced body 
temperature only 0.5°. 

Miscellaneous Effects. — After topical application 
of 1% solutions of the pj'ridinium compounds to the 
eyes of rabbits, there was no evidence of irritation, 
local anesthesia or changes in pupillarj' size. 

Prior intraperitoncal administration of the pj’ri- 
diniuni compounds prevented detith from intraven- 
ous epinephrine under the conditions specified 
by Loew and Micetich (S), see Table II. This pro- 
tectant action was probablj" related to the vaso- 
dilation produced by the pyridinium compounds 
because these compounds arc devoid of adrenergic 
blocking activity. In this regard the results were 
similar to those observed with acet}'l-/3-uicthj'I- 
eholiiic (S). All of the mice rc'ceiving the pyridin- 


cenicd, the data indicate that the py’ridinium com- 
pounds produce most of this effect by peripheral 
vasodilation although a partial cardiac component 
cannot be cntireli' ruled out. 
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Chemical Composition of Gum Turpentines 
of Pines XXIX.* 

A Report on Piuus ponderosa from Five Localities: Central Idaho, 
Central Montana, Southeastern Wyoming, Northwestern Nebraska, 
and Central Eastern Colorado 


By N. T. MIROV and P. M. ILOFF, Jr. 


Five samples of Pinns ponderosa turpentine were analyzed. The sample from south- 
western Idaho was composed of: /-a-pinene, 6 per cent; /-/3-pinene, 30 per cent; 
/3-myrcene, 3 per cent; a^-A^-carene, 40 per cent; /,«//-limonene, 10 per cent; ter- 
pinolene, 2 per cent; and cadienene, 5 per cent. The central Montana sample con- 
tained: /-Qf-pinene, 3 per cent; /-/3-pinene, 25 per cent; ^-myrcene, 5 per cent; d-tP- 
carene, 47 per cent; /,«^/-limonene, 6 per cent; terpinolene, 4 per cent; longifolene, 
2 per cent; and cadinene, 5 per cent. The sample from southeastern Wyoming was 
composed of /-a-pinene, 2 per cent; /-^-pinene, 3 1 per cent; /3-myrcene, 4 per cent; 
fl'-A®-carene, 40 per cent; /,«//-limonene, 4 per cent; terpinolene, 1 per cent; longi- 
folene, 10 per cent; and cadinene, 5 per cent. Sopthwestern Nebraska turpentine 
contained; /,<f/-a-pinene, 2 per cent; /-^-pinene, 32 per cent; 3-myrcene, 3 per cent; 
<f-A’-carene, 38 per cent; /.a'Z-limonene, 7 per cent; longifolene, 12 per cent; and 
cadinene, 4 per cent. The sample from southeastern Colorado was composed of: 
t/Z-a-pinene, 5 per cent; /-3-pinene, 17 per cent; 3-tnyrcene, 10 per cent; d-tP- 
carene, 40 per cent; /,z//-limonene, 15 per cent; and longifolene, 8 per cent. 


' I 'he chemic.vl composition of turpentine of 
Finns ponderosa from several localities has 
been reported in previous articles of the present 
series. The'e localities were; Sierra Nevada of 
California, coastal mountains of California, 
northern Idaho, Utah, Arizona, Black Hills of 
South Dakota, and Rocky Mountains of central 
Colorado (2-5). They represent only part of the 
tree’s natural range. P. ponderosa occurs from 
the Pacific Coast to Nebraska and from the 
southern part of western Canada to the Mexican 
border. Therefore it appeared desirable to ana- 
lyze turpentines of this pine from some addi- 
tional, “strategically” situated places. 

This paper reports the composition of turpen- 
tine obtained from five other localities; south- 
western Idaho, central Montana, southeastern 
Wyoming, northwestern Nebraska, and south- 
eastern Colorado. 

EXPERIMENTAL 

Turpentine was obtained by heating, under re- 
duced pressure, the oleoresin samples from these 
five localities. -At the end of each operation, when 
all tlie turpentine was recovered, the temperature 
of the pot residue (rosin) was increased to 200° and 
tlie pressure was reduced to 0.1 mm. 

Pinus ponderosa from Southwestern Idaho. — A 


* Received October 7, 1957, from the Institute of Forest 
Genetics, California Forest and Range Experiment Station, 
maintained by the Forest Service, U. S. Department of Agri- 
culture, in cooperation with the University of California, 
Berkeley. 

The work reported in this paper was aided through a grant 
from the Rockefeller Foundation. 


sample of oleoresin was collected near Idaho City, 
Idaho, at an elevation of 4,070 feet. 

The turpentine amounted to 26.5% of the weight 
of oleoresin and had the following physical charac- 
teristics: df, 0.8563; 1.4758; [al'p" - 7.2. A 

404-Gm. batch of turpentine was distilled at a pres- 
sure of 11 mm, in a Todd column, 0.25 mm. inside 
diameter, packed with ’/s.-inch glass helices, and 
equipped with a Todd automatic reflux head. A 
reflux ratio of 10:1 was maintained. 

We had learned previously that the bulk of P. 
ponderosa turpentine from any locality consists 
predominantly of A’-carene and varying amounts 
of a- and 3-pincncs. Accordingly, the percentage of 
a-pinene, 3-pincnc and A’-carene were determined 
by' phy'sical properties alone, using Sutlierland's 
method (7). 

We estimated that the turpentine sample of Pinus 
ponderosa from southwestern Idalio contained 6% 
of f-a-pinene (fractions 1 to 5), 30% of /- 3 -pine'ie 
(fractions 6 to 10), and 40% d-A’-carene (fractions 

11 to 14). 

A slight change in phy'sical properties of Fraction 

12 indicated the possible presence of a substance 
other than A’-carene. This fraction was analyzed 
for 3-myrcene using the method of Berry (1). Jen 
grams of the oil and 0.8 Gm. of maleic anhydride 
were heated for thirty minutes at 100°. The solu- 
tion was cooled, 20 ml. of hexane was added, and the 
resulting mixture was kept at —5° for two flays. 
The resulting cry'stals were recrystallized from hex- 
ane twice, and 0.44 Gm. of cry'stals were received. 
The crystals possessed a melting point of 33.5 to 
34.5°. The melting point was not depressed by ad- 
mixture of maleic anhydride adduct of known 3- 
myrccnc. 

The phy'sical properties of fraction 19 indicated a 
probable presence of f,d/-limoncne. A 2-ml. sample 
of the fraction was treated with bromine according 
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to the method of Berry (1). After one month of 
refrigeration, the reaction mixture was filtered and 
50 ing. of crude tetrabromide was leceiv'ed. The 
tetrabromide was recrystallized twice from eth 3 d 
acetate, after which it melted at 124-125°. The 
melting point was not depressed when an authentic 
d/-limonene tetrabromide was admixed. 

Fraction 24 had physical properties which indi- 
cated the presence of terpinolene. Two grams of the 
fraction were treated with bromine using the pro- 
cedure of Berry (1) ; 2.60 Gra. of crude tetrabromide 
were obtained. After six recrystallizations from 
ethyl acetate a tetrabromide, m. p. 116-117°, was 
receiv'ed. The melting point was not depressed 
by admixture with authentic terpinolene tetrabro- 
mide. 

Fraction 28 consisted mainly of sesquiterpenes 
and had the following properties: dl*, 0.9159; «d*. 
1.5031; (a]o‘‘ — 33.4. This fraction was redistilled 
over sodium at 14 mm. pressure; all fractions had 
negative rotations. A heart cut had the following 
properties: bu 130-135°, df . 0.9104; til\ 1.5030; 
iaVn - 30.1. 

A S-ml. portion of the heart cut was used to pre- 
paie 200 mg. of a hydrochloride which after three 
rccrystallizations from glacial acetic acid had a 
melting point of 120-12.1.5°. .A.dmixture of 1- 
cadinene hj'drochloride did not depress the melting 
point. 

To sum up, P, pondcrosa turpentine from south- 
westent Idaho was composed of i-or-pinene, 0%; 
/-/3-pinene, 30%; d-A®-carene, 40%; d-niyrccne, 
3%; f.dMimonene, 10%; terpinolene, 2%; and 
cadinene, 5%. 

Pinus ponderosa from Central Montana. — The 
Montana sample of turpentine was distilled from 
oleoresin collected near the town of White Sulphur 
Springs, along the course of Whitctail Deer Creek, 
at an elevation of 5,000 feet. 

The jdcid of turpentine was 17.7%; its physical 
characteristics were these; d»°, 0.8014; 1-4760; 

[a]D° — 0.9. A 330-Gm. batch was distilled through 
the Todd column, described above, at 10 mm. pres- 
sure. A reflux ratio of 10:1 was maintained. 

Sutherland’s (7) density/index of refraction dia- 
gram indicated that fractions 1 and 2 consisted 
mainly of f-a-pinene (about 3% of the total). 
Fractions 3 to 10 were those of i-/3-pinene (25%). 
Fractions 11 to 14 contained d-A^-careire (47%). 
Fraction 11 contained about 5% of fi-mj’rcene. 
This open-chain terpene was identified by preparing 
a maleic anlij-dride adduct, according to Berry (1). 
Admixture of known maleic anhj'dride adduct of 
myrccnc did not depress the melting point of the 
substance. 

A rapid increase of /a'o-rotation of the following 
fractions, peaking in fraction 19, caused us to sup- 
pose that fractions 15 to 21 contained /,<f/-limoncne. 

Two milliliters of fraction 10 were treated with 
bromine by the method of Berry (1); 100 mg. of 
crude tetrabromide were received. After three 
recrystallizations from ethyl acetate the tetrabro- 
mide melted at 124.5° and was not depressed in 
melting point by admixture of authentic di-limoncne 
tetrabromide. 

Fraction 22 had proitcrtics indicating the presence 
of tcri>inolenc. Two grams of the fiaction were 
treated with bromine using the procedure of Berry 
(1); 2.75 Gin. of crude tetrabromide were obtained. 


After four recrystallizations from ethyl acetate, 0.31 
Gm. of tetrabromide, m. p. 116-117°, was received. 
The melting point tvas not depressed bj' admixture 
of authentic terpinolene tetrabromide. About 8% 
of the charge boiled above 105° at 10 ram. ; it con- 
sisted mainly of sesquiterpenes. The properties of 
the sesquiterpene fractions indicated that there were 
apparently two sesquiterpenes, which occurred in 
the highest puritj' in fraction 28 and fraction 29. 

Fraction 2S had the following physical properties: 
df, 0.9321; 1.5120; [a]=o" -h36.3. 

A 3-ml. portion of fraction 28 was used to prepare 
a hj’drochloride. After two recrj'stallizations from 
glacial acetic acid, 0.79 Gm. of crj'stals were re- 
ceived; the crj’stals melted at 68.5-59°. Admix- 
ture of known hydrochloride of d-longifolene showed 
no depression. 

Fraction 29 had the following physical properties; 
df , 0.9159; 1.6952; [orj't? -2S.2. A 3-ml. por- 

tion of fraction 29 was used to prepare 0.33 Gra. of 
hj'drochloride. After two recrj^stallizations from 
glacial acetic acid, 72 mg. of hj^drochloride (m. p. 
120-121°; —41, c = 1.32 in chloroform) were 

received. Admixture of known /ran-rotatorj’ ca- 
dinenc hydrochloride did not depress the melting 
point. 

To sum up, turpentine obtained from Pinus 
pondcrosa growing in central Montana contained: 
/.df-or-pinene, 3%; /-/9-pinenc, 25%; jS-mj'rcene, 
5%; d-A®-carene, 47%; f-dMimonene, 6%; ter- 
pinolenc, 4%; longifolene, 2%; cadinene, 6%. 

Pinus ponderosa from Southeastern Wyoming. — 
The material for our work was obtained in the Lar- 
amie Mountains near a place called Esterbrook, at 
an elcr’ation of 6,500 feet. The j’ield of turpentine 
was 22.0% of the weight of the oleoresin. 

The turpentine had the following characteristics: 
dr. 0.8673; 1.4768; -fl.5. 

A 416-Gm. batch was distilled through the pre- 
viously mentioned Todd column at 10 mm. pressure. 
A reflux ratio of 10: 1 was maintained. 

Composition of fractions 1 to 14 was determined 
by phj'sical characteristics, according to the method 
proposed by Sutherland (7), except for the identifi- 
cation of fi-myrcenc. 

Fraction 1 consisted chiefly of f-a-pinene (2%); 
fractions 2 to 8 contained f-|3-pinene (31 per cent).’ 
Fractions 9 to 14 were d-A’-carene fractions (40% of 
the total oil). Fraction 10 was analyzed for /S- 
rayreene. 


„ ^ rnateic 

anhydride adduct, m. p. 33.5 to 34.5°, was pro- 
duced. The melting point of the adduct was not 
depressed by admixtuie of the known maleic an- 
hj'dridc adduct of myreene. Mj'rcene amounted 
to about 4% of the total oil. 

The phj'sical properties of fraction 17 indicated 
the probable presence of f,d/-Uraonene. A 1 5-ml 
sample of the oil was dissolved in 1:1 ethanol-ethyl 
ether and treated at 0° with bromine according to 
the method of Wallach (8). The solvent was 
exmporated, and the oil was mixed with methanol. 
After several days of standing at -5°, the crystals 
w^e filtered out and reciystallized three times from 

m *n of tetrabromide, 

m. p. 124-120 . were received. A mixed meltine 
with authentic df-hmoncnc tetrabromide showed no 
depression. Limonene amounted to 4% of the total 
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Table I — Fractional Distillation of Pinus ponderosa Turpentine from Five Different Localities 


Indox 



Pressure, 

Boiling 

Distillate, 


of 

Specific 

Fractions 

mm 

Range, ® C 

% 

Density 

Refraction 

Rotation 



Finns ponderosa from Idaho City, Idaho (404 Gm used) 






dr 

4.24 
« 1) 


1 

11 

40-42 

1 9 

0 8540 

1 4647 

-21 0 

2 

11 

42-44 

1 0 

0 8547 

1 4661 

-21 1 

3 

11 

44-45 

1 2 

0 8573 

1 4680 

-22 2 

4 

11 

45-46 

1 0 

0 8573 

1 4701 

-22 2 

5 

11 

46-47 

0 8 

0 8588 

1 4710 

-23 0 

G 

11 

47-49 

3 9 

0 8573 

1 4727 

-18 5 

7 

11 

49-51 

4 0 

0 8521 

1 4717 

- 8 2 

8 

11 

51 

5 1 

0 8525 

1 4712 

- 0 9 

9 

11 

51-52 

6 9 

0 8536 

1 4714 

- 2 3 

10 

11 

52-53 

9 8 

0 8510 

1 4718 

- 0 4 

11 

11 

53 

12 2 

0 8499 

1 4711 

+ 59 

12 

11 

53-54 

8 4 

0 8485 

1 4706 

4 11 3 

13 

11 

54 

10 5 

0 8503 

1 4707 

+ 13 4 

14 

11 

54-55 

10 0 

0 8536 

1 4708 

+ 11 4 

15 

11 

55-56 

4 2 

0 8544 

1 4712 

- 4 4 

16 

11 

56-57 

1 1 

0 8507 

1 4720 

-34 8 

17 

11 

57-58 

1 1 

0 8444 

0 4726 

-55 0 

18 

11 

58-59 

0 7 

0 8433 

1 4729 

-71 4 

19 

11 

59-60 

1 8 

0 8426 

1 4732 

-84 7 

20 

11 

G0-G3 

0 9 

0 8426 

1 4749 

-78 7 

21 

11 

63-6G 

0 7 

0 8470 

1 4791 

-44 4 

22 

11 

66-67 

0 5 

0 8536 

1 4823 

-20 1 

23 

11 

07-68 

1 1 

0 8562 

1 4847 

- 6 8 

24 

11 

68-69 

1 2 

0 8559 

1 4847 

- 1 2 

25 

11 

69-82 

0 7 

0 8590 

1 4807 

- 4 0 

26 

11 

82-92 

0 8 

0 9208 

1 4959 

- 7 2 

27 

11 

92-103 

1 1 

0 9513 

1 5100 

0 0 

28 

11 

Above 103 

5 2 

0 9159 

1 5031 

-33 4 

Residue and losses 


3 2 





Ptntts ponderosa from White Sulfur Springs, Montana (330 Gm used) 






dr 

.,22 

tal’n* 

1 

10 

39-41 

1 6 

0 8577 

1 4669 

-16 9 

2 

10 

41-42 

1 6 

0 8595 

1 4690 

-18 9 

3 

10 

42-43 

2 3 

0 8610 

1 4720 

-21 2 

4 

10 

43-44 

4 0 

0 8625 

1 4719 

-21 8 

5 

10 

44-45 

1 2 

0 8632 

1 4746 

-23 8 

G 

10 

45-40 

2 5 

0 8032 

1 4760 

-23 3 

7 

10 

46-47 

3 0 

0 8625 

1 4762 

-21 3 

8 

10 

47-48 

3 8 

0 8606 

1 4756 

-15 3 

9 

10 

48-49 

2 7 

0 85G6 

1 4744 

- 8 2 

10 

10 

49-50 

4 0 

0 8544 

1 4738 

- 2 1 

11 

10 

50-51 

12 0 

0 8518 

1 4728 

+ 52 

12 

10 

51-51 5 

13 0 

0 8521 

1 4720 

+10 2 

13 

10 

51 5-52 

13 0 

0 8540 

1 4718 

+14 1 

14 

10 

52-53 

11 5 

0 8569 

1 4720 

+ 11 6 

15 

10 

53-54 

1 0 

0 8540 

1 4730 

- 7 2 

16 

10 

54-55 

0 7 

0 8507 

1 4738 

-32 9 

17 

10 

55-56 

0 8 

0 8485 

1 4741 

-36 9 

18 

10 

56-58 

0 7 

0 8448 

1 4751 

-50 8 

19 

10 

58-60 

0 5 

0 8448 

1 4756 

-56 1 

20 

10 

60-64 

0 7 

0 8477 

1 4798 

-40 7 

21 

10 

64—66 

0 8 

0 8532 

1 4841 

-11 3 

22 

10 

66-67 

2 1 

0 8547 

1 4850 

-16 4 

23 

10 

67-74 

4 2 

0 8628 

1 4770 

- 8 1 

24 

10 

74-90 

1 5 

0 9185 

1 4878 

- 8 4 

25 

10 

90-105 

0 3 

0 9381 

1 4898 

- 3 4 

26 

10 

105-110 

0 0 

0 9392 

1 4840 

+ 40 

27 

10 

110-115 

1 8 

0 9358 

1 4940 

+25 4 

28 

10 

115-116 

1 3 

0 9321 

1 5120 

+36 3 

29 

10 

Aboie 116 

3 7 

0 9159 

1 5052 

-28 2 

Residue and loss 


2 5 






Finns ponderosa from Esterbrook, 

Wyo (416 Gm used) 






dr 

nr 

for] I)' 

1 

10 

42-44 

2 0 

0 8580 

1 4670 

-12 1 

2 

10 

44-40 

1 3 

0 8654 

1 4700 

-16 2 

3 

10 

40-47 

2 1 

0 8591 

1 4722 

-18 6 

4 

10 

47-48 

6 2 

0 8606 

1 4737 

-18 8 

5 

10 

48-49 

4 5 

0 8588 

1 4738 

— 15 8 
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Table I. — {Continued) 


Fractions 

Pressure, 

mm. 

Boilinp 

Range, ° C. 

DistiJIate, 

% 

Density 

Index 

of 

Refraction 

Specific 

Rotation 

6 

10 

49-50 

4.2 

0.8580 

1.4735 

-11.4 

7 

10 

50-51 

6.0 

0.8555 

1.4730 

- 6.4 

8 

10 

51-52 

6.5 

0.8544 

1.4723 

- 0.9 

9 

10 

52-53 

9.7 

0.8521 

1.4718 

+ 4.7 

10 

10 

53 

8.0 

0.8525 

1.4711 

+10.2 

11 

10 

53 

10.2 

0.8533 

1.4709 

+13.3 

12 

10 

53-54 

1.4 

0.8577 

1.4708 

+15.3 

13 

10 

54 

9.7 

0.8555 

1.4709 

+15.2 

14 

10 

54-55 

3.0 

0.8558 

1.4716 

+10.1 

15 

10 

55-56 

1.0 

0.8566 

1.4728 

- 1.0 

16 

10 

56-57 

0.6 

0.8525 

1.4740 

-14.1 

17 

10 

57-59 

0.4 

0.8492 

1.4751 

-24.5 

18 

10 

59-62 

0.4 

0.8470 

1.4769 

-25.4 

19 

10 

62-65 

0.5 

0.8485 

1.4797 

-22.1 

20 

10 

65-67 

0.5 

0.8529 

1.4821 

-13.6 

21 

10 

67-68 

1.2 

0.8548 

1.4845 

- 3.2 

22 

10 

68-70 

1.2 

0.8548 

1.4831 

- 0.3 

23 

10 

70-80 

0.3 

0.8622 

1.4784 

- 3.4 

24 

10 

80-92 

0.6 

0.9086 

1.4861 

- 7.8 

25 

10 

92-105 

1.0 

0.9433 

1.4918 

- 3.6 

26 

10 

105-112 

1.0 

0.9418 

1.4858 

+ 4.2 

27 

10 

112-115 

3.6 

0.9381 

1.4901 

+20.5 

28 

10 

115-117 

1.6 

0.9344 

1.4978 

+35.8 

29 

10 

117-118 

3.5 

0.9326 

1.5019 

+40.7 

30 

10 

118-119 

1.2 

0.9311 

1.5027 

+35.4 

31 



4.1 

0.9134 

1.5052 

-40.5 

Pot residue and loss 


2.5 





Finns pondcrosa from Chadroii, Nebraska (365 Gm. used) 


1 

11 

42-44 

1.8 

4;' 

0.8551 

„SS.5 

n D 

1.4660 

- 2.4 

2 

11 

44-46 

1.7 

0.8548 

1.4681 

- 7.2 

3 

11 

46-47 

1.9 

0.8557 

1.4693 

- 9.3 

4 

11 

47-48 

3.2 

0.8563 

1.4709 

-11.7 

5 

11 

48-49 

5.0 

0.8557 

1.4720 

-12.2 

6 

11 

49-50 

6.0 

0.8560 

1.4728 

-11.8 

7 

11 

50-51 

4.2 

0.8541 

1.4726 

- 8.8 

8 

11 

51-52 

6.5 

0.8519 

1.4725 

- 6.0 

9 

11 

52-53 

5.2 

0.8510 

1.4720 

- 2.8 

10 

11 

53-54 

9.9 

0.8494 

1.4712 

+ 4.2 

11 

11 

54-55 

12.2 

0.8488 

1.4702 

+ 10.5 

12 

11 

55 

12.0 

0.8517 

1.4701 

+ 12.9 

13 

11 

55-56 

3.6 

0.8532 

1.4708 

+ 4.6 

14 

11 

56-57 

1.4 

0.8507 

1.4725 

-10.3 

15 

11 

57-58 

1.0 

0.8488 

1.4724 

-27.7 

16 

11 

58-59 

0.5 

0,8454 

1.4731 

-40 4 

17 

11 

59-61 

0.5 

0.8435 

1.4740 

-48.7 

18 

11 

61-63 

0.6 

0.8425 

1.4753 

— 51.4 

19 

11 

63-66 

0.4 

0.8457 

1.4781 

—40.7 

20 

11 

66-68 

0.8 

0.8497 

1.4817 

— 16.7 

21 

11 

68-69 

1.3 

0.8530 

1.4832 

— 38 

22 

11 

69-75 

0.8 

0.8508 

1.4802 

- 1.2 
— 3.7 

23 

11 

75-90 

0.5 

0,9176 

1.4828 

24 

11 

90-93 

0.4 

0.9292 

1.4921 

— 4 8 

25 

11 

93-106 

1.0 

0.9389 

1.4930 

+ 0.'2 
+ 13.4 
+24.3 
+39.2 
+40.0 
+28.8 
-24.0 

2b 11 

27 11 

28 11 

29 11 

30 11 

31 11 

Pot residue and losses 

106-112 

112-116 

116-118 

118-119 

119 

Above 119 

0.6 

1.3 

2.3 

4.8 

2.0 

3.9 

2.7 

0.9393 

0.9358 

0.9302 

0.9273 

0.9258 

0.9135 

1.4981 

1.4902 

1.4973 

1.5011 

1.5020 

1.5042 


1 

2 

3 

4 

5 
0 


Finns pondcrosa from Beulah, 


10 

39-40 

0.6 

10 

40-41 

3.3 

10 

41-43 

2.9 

10 

43-45 

1.4 

10 

45-46 ' 

3.5 

10 

46-47 

1.4 

10 

47-48 

4.6 


Colorado (420 Gm. used) 

n-^ 

0.S550 1.4642 

0.8.561 1.4657 

0.8575 1.4683 

0.8598 1.4703 

0.8617 1.4723 

0.8620 1.4732 

0.8639 1.4738 


lolh- 

+ 1.1 

- 2.3 

- 6.5 
- 11.6 
-13.9 
-14.4 
-13.0 
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Table I. — (.Continued) 


Fractions 

Pressure, 

mm. 

Boilinc 
Range, ® C. 

Distillate, 

% 

Density 

Index 

of 

Refraction 

Specific 

Rotation 

8 

10 

48-49 

3.2 

0.8595 

1.4734 

- 8.2 

9 

10 

49-50 

2.3 

0.8580 

1.4734 

- 4.9 

10 

10 

50-51 

2.9 

0.8587 

1.4730 

- 0.5 

11 

10 

51-52 

8.9 

0.8569 

1.4726 

+ 4.1 

12 

10 

52 

10.0 

0.8573 

1.4721 

-b 8.3 

13 

10 

52-53 

9.2 

0.8573 

1.4718 

-(-11.2 

14 

10 

53 

10.0 

0.8584 

1.4715 

-)-14.3 

15 

10 

53 

10.0 

0.8588 

1.4713 

+ 9.2 

16 

10 

53-54 

2.1 

0.8595 

1.4721 

-15.1 

17 

10 

54-56 

1.5 

0.8573 

1.4730 

-42.7 

18 

10 

56-57 

0.8 

0.8451 

1.4747 

-63.7 

19 

10 

57-59 

1.0 

0.8440 

1.47742 

-75.9 

20 

10 

59-63 

0.8 

0.8492 

1.4770 

-63.7 

21 

10 

63-65 

0.5 

0.8496 

1.4808 

-35.1 

22 

10 

65-66 

0.4 

0.8647 

1.4837 

-17.7 

23 

10 

66-67 

1.3 

0.8695 

1.4855 

- 4.6 

24 

10 

67-68 

0.7 

0.8566 

1.4833 

- 1.4 

25 

10 

68-80 

1.0 

0.8617 

1.4S81 

- 6.1 

26 

10 

80-93 

0.9 

0.9015 

1.4801 

- 8.6 

27 

10 

93-106 

0.8 

0.9347 

1.4863 

- 0.6 

28 

10 

106-112 

0.8 

0.9381 

1.4875 

-M2. 7 

29 

10 

112-114 

0.9 

0.9347 

1.4941 

-(-32.0 

30 

10 

114-115 

0.6 

0.9318 

1.4981 

-(-39.8 

31 

10 

11.5-116 

2.7 

0.9322 

1.5018 

-b46.4 

32 

10 

116 

2.3 

0.9325 

1.5028 

-f46.1 

33 

10 

Above 116 

3.1 

0.9218 

1.5045 

-f 6.3 

Pot residue and loss 


2.8 





Fraction 21 had pliysical properties which indi- 
cated the pre'-ence of terpinolene. Two grains of 
the fraction ^^ere treated with bromine using the 
procedure of Berrj' (1). 2.53 Gm. of crude tetra- 
bromide vere obtained. After four recrystalliza- 
tions from othyl acetate, 0.45 Gm. of crystals, m. p. 
110-117”, were received. The melting point was 
not def ressed by admixture of known terpinolene 
tetrabromide. Terpinolene amounted only to 1% 
of the total oil. About 15% of the original charge 
boiled above 105” at 10 mm. and consisted mainly 
of sesquiterpenes. Distillation data indicated the 
prc-ence of two sesquiterpenes, which occurred in 
highest concentration in fraction 29 and fraction 31. 

Fraction 29 had the following physical properties: 
d■^ 0.9326; 1.5019; [a]?,- -t-40.7. A 3-ml. por- 

tion of fraction 29 was used to prepare a hydrochlo- 
ride. After two recrystallizations from glacial acetic 
acid, 1.2 Gm. of crystals which melted at 59 to 59.5” 
were received. An admixture of authentic hydro- 
chloride of d-longifolene did not depress the melting 
point of the hydrochloride. 

Fraction 31 had the following phj'sical properties: 
d;", 0.9134; «=dM. 5052; [ajb* -40.5. A 3-ml. por- 
tion of fraction 31 was used to prepare 0.41 Gm. of 
Hydrochloride. After two recrj’stallizations from 
glacial acetic acid, 53 mg. of hydrochloride (m. p. 
119-119.5°; ao” — 39, c = 1.05 in chloroform) were 
received. An admixture of authentic cadinene 
hydrochloride did not depress the melting point. 

To sum up, turpentine from the Laramie Moun- 
tains, southeastern Wyoming, contained: l-a- 
pinene, 2%; /-/S-pinene, 31%; /3-myrcene, 4%; 
d-A’-carene, 40%; /,d/-limonene, 4%; terpinolene, 
1%; longifolene, 10%; cadinene, 5%. 


Pinus ponderosa from Northwestern Nebraska. 
Oleoresin was obtained from trees growing at the 
easternmost locality of distribution of P. ponderosa, 
near the town of Chadron, Nebraska, at an eleva- 
tion of 3,500 feet. The oleoresin yielded 18.9% 
of turpentine, which had the following physical 
characteristics: 61“, 0.8695; «“, 1.4781; [orjo* 

—0.9°. A 3.G5-Gm. batch of turpentine was dis- 
tilled through the Todd column at 11 mm. pressure. 
A reflux ratio of 10: 1 was maintained. 

Fractions 1 to 13, as in the previous samples, were 
studied by means of the Sutherland d/« diagram 
(7). 

Fractions 1 anc\_ 2 consisted of f-a-pinene (2% of 
the total oil). Fractions 3 to 9 contained mainly 
f-/J-pinene (32%). Fractions 11 to 13 were those 
of a-A’-carene (38%). ^-Myrcene (3%) was iden- 
tified in fraction 11 by preparing a maleic anhydride 
adduct, according to the method outlined by Berry 
( 1 ). 

The physical properties of fraction 18 indicated 
the probable presence of ;,d/-limonene. Two 
grams of the oil were treated with bromine, as out- 
lined previously (1). The twice recrystallized 
tetrabromide had a melting point of 124.5°, which 
was not depressed by admixture of authentic dt- 
limonene tetrabromide. 

The properties of fraction 21 indicated the pres- 
ence of terpinolene. The fraction was redistilled 
over sodium at atmospheric pressure. Two milli- 
liters of a heart cut were treated with bromine using 
the procedure of Berrj' (1); 4.39 Gm. of crude 
tetrabromide were received. After four recr>'Stal- 
lizations from ethyl acetate, 0.36 Gm. of a tetra- 
bromide, m. p. 117.5 to 118.5°, was received. The 
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meltitig point nas depressed bv admixture nith 
knonn terpinolene tetrabromide but the melting 
point nas not depressed on admixture of the tetra- 
broinide (m p 117 5 to 118 5°) obtained from frac 
tion 20 of the turpentine from Beulah, Colorado 
(see next sample) 

It should be noted that both fraction 23 of P 
ponderosa from Beulah, Colorado, and fraction 21 
of P ponderosa fiom Chadron, Nebraska, were re 
distilled at atmospheric pressure oxer sodium 
This IS probablj the reason for the discrepancx in 
results 

About 15% of the original charge boiled aboxe 
106° at 11 mm and consisted mamlj of sesquiter 
penes The distillation data indicated the presence 
of txv o sesquiterpenes, x\ hich occurred m highest con- 
centration in fraction 29 and fraction 31 

Fraction 29 (17 6 Gm ) had the follow mg proper- 
ties dr,0 9273 1 5011, [aJo' +40 0 A3 ml 

portion of fraction 29 w as used to prepare a hj dro 
chloride After two reerj stallizations from glacial 
acetic acid, 1 3 Gm of erj stals melting at 58 to 59° 
were received An admixture of authentic d longi 
folene hjdrochlonde showed no melting point de 
pression 

Fraction 31 (14 4 Gm ) had the following proper 
ties d?. 0 9135, ^ 1 5042, -24 0 \3 ml 

portion of fraction 31 was used to prepare 0 51 Gm 
of crude hydrochloride After tw o recrj stallizations 
from glacial acetic acid, 70 mg of hxdrochlonde 
(m p 119 to 120°, —40, c = 1 36 in chloro- 

form) xvere received When known cadinene hj dro 
chloride of negative rotation was added, the melting 
point xvas not depressed 

To sum up, turpentine obtained from north 
western Nebraska, contained l,<f/ a pinene, 2%. 
/ ^ pinene, 32%, /Smjrcene, 3%, d A’ carene, 
38%, l,d! hmonene, 7%, longifolene, 12%, cadi 
nene, 4% 

Pinus ponderosa from Southeastern Colorado. — 
The oleorcsin xvas collected near the settlement of 
Beulah, some 35 miles southwest of Pueblo, Colo 
rado Elevation of the place was 7,500 feet Upon 
distillation, the oleoresin > lelded 20 0% of turpen- 
tine The turpentine possessed the follow ing ph\ si 
cal properties d’J, 0 8661, h ” 1 4760, [alt? 4-18° 
A 420-Gm batch of turpentine was distilled in the 
above described Todd column at 10 mm pressure 
A reflux ratio of 10 1 w as maintained 

Physical properties of fractions 1 to 15 were stud 
led following Sutherland’s method (7) Fractions 
1 to 3 consisted of shghtlj dc\trorotator 3 ' a pmene, 
(about 5%), apparently with an admixture of / a 
pmene Fractions 4 to 9 were 7-/3 pincne fractions 
(about 17%) Fractions 12 to 15 were composed 
of d-A’ carene (about 40%) Fractions 10 mil 11 
.ippaientlj contained (3 m> rcene 

Bcrr} 's procedure (1) was carried outwith lOGni 
of maleic anhydride and 10 Gm of fraction 11, 
ISO mg of adduct, m p .33 5 to 34 5°, were ob 
tamed The melting point was not depressed bj 
admixture with the maleic anhjdndc adduct of 
known 0 nij rcene 

A sudden clnnge m rotation m fraction 10 and a 
rapid iiicreise in a lexorotatorx compound, with a 
peak of —64 0 111 fraction 19, indicated the presence 
of /.d/ limoiiciie m fractions 10 to 22 Two milli- 
liters of the fraction were treated by the method of 
Berrx (1) 1 14 Gm of crude tetrabromide were 
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received After several recrv stallizations from 
ethy 1 acetate, alternated with chloroform and addi 
tion of cold methanol, a few mg of erv stals melting 
at 103 to 104° were received The melting point 
was not depressed bv admixture of authentic dl- 
hmonenc tetrabromide Limonene amounted to 
15% of the total oil 

Fraction 23 had properties which indicated the 
presence of terpinolene The fraction was redis- 
tilled at atmospheric pressure over sodium Two 
milliliters of a heart cut were treated with bromine 
usmg the procedure of Berry (1) 3 04 Gm of 

crude tetrabromide were received -After four 
recry stallizations from ethy 1 acetate, 0 47 Gm tetra 
bromide, m p 117 5 to 118 5°, was received The 
melting point was depressed by admixture with 
either terpinolene tetrabromide or the tetrabromide 
of phellandrene Apparentlv, teipmolene was 
absent in this sample About 11% of the original 
charge boiled abov e 106° at 10 mm pressure and 
consisted mainlv of sesquiterpenes The distilla- 
tion data indicated that the mam sesquiterpene 
constituent was most pure in fraction 31 

Fraction 31 had the following physical properties 
d;*. 0 9322, 11 = 0 °, 1 5018, [a]o* +46 4 A 3 ml por- 
tion of fraction 31 was used to prepare a hydrochlo- 
ride After two recry stallizations from glacial ace- 
tic acid, 1 6 Gm of crystals which melted at 58 5 
to 59° were received AVhen authentic longifolene 
was added, the melting point was not depressed 

Fraction 33 had the following physical character- 
istics dl\ 0 9218, 1 5045, [a]],* +63 The 

fraction was redistilled over sodium, produemg a 
7 0 Gm heart cut with the properties dj°, 0 923, 
tt'o, 1 5039, [a]” +13 7 .A 3 ml portion of the 
heart cut was used to prepare a hydrochloride 
After two recry stallizations from glacial acetic acid, 
0 21 Gm of hxdrochlonde, m p 59 to 59 5°, was 
rcceiv ed The melting point vv as not depressed bv 
admixture of authentic hv drochlonde of d longi 
folene 

To sum up, the turpentine sample from south- 
eastern Colorado was composed of the following 
ingredients d/ a pinene, 5%, / /3 pmene. 17%, 

/8 mv rcene, 10%, if A’ carcnc, 40%. /,d/ hmonene, 
15%, longifolene, 8% 

The results of the analy ses of the fiv e samples of 
turpentines, together w ith sex en samples prev lously 
reported (2-5) show that Ptiiiis ponderosa turpen- 
tine, throughout the extensive range of the distn 
bution of this species, always contained large 
amounts of A* carenc, withm the species there are 
several chemical varieties or forms Penfold (0) 
calls these phy siological x anettes In some of these 
xancties, monocxchc terpenes were represented by 
hmonene, in others by hmonene and terpinolene 

In some xaneties the sesquiterpenes were repre- 
sented by longifolene and cadmene, m other x arte- 
tics bx cadmciic alone or bx longifolene alone 
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Composition of Gum Turpentine of Pines XXX* 

A Report on Phius serotiua, Finns temiifolia, and Finns ynnnanensis 


By N. T. MIROV 

Phms serotiua turpentine was found to consist of /-o-pinene, 5 per cent; /-limonene, 
90 per cent; methyl chavicol, 1 per cent; and 2 or 3 per cent of unidentified sesqui- 
terpenes. P. tenuijoUa turpentine contained: tZ-a-pinene, 77 per cent; /-/3-pinene, 
6 to 7 per cent; A’-carene, 8 per cent; terpinolene, 1 to 2 per cent; methyl chavicol 
(possibly) less than 1 per cent; linalool, about 1 per cent; sesquiterpene fraction, 1 
per cent. P. ynnnanensis turpentine contained /-a-pinene, 87 per cent; possibly 
small amounts of /-/3-pinene; oxygenated terpene compounds, 5 or 6 per cent. Ap- 
parently there were no sesquiterpenes. 


Pinus Seroiina Mich.— Pinus serotina, or pond 
pine, sometimes is described as a subspecies (1) 
or a variety of Pinus rigida. Shaw (7) and Little 
(5) consider this pine as an independent species. 

Finns seroiina grows on the coastal plains from 
southern New Jersey' to central and northwestern 
Florida and Alabama. Its turpentine was analy'zed 
in 1908 by' Herty' and Dixon (3). The steam dis- 
tilled turpentine had these physical characteristics; 
density', d’° = 0.8478; index of refraction, = 
1.4734; specific rotation, [orJo” = — 105°36'. The 
turpentine began to boil at 172°. In the fraction 
boiling at 175° to 176°, Herty and Dixon identi- 
fied Mimonene by preparation of a tetrabromide. 
No other terpenes were identified, although a small 
amount of sesquiterpenes was suspected. Herty 
and Dixon reported that 90 per cent of the turpen- 
tine consisted of i-liraonene. 

In 1954 we received a sample of pond pine oleo- 
resin from the Olustee Experimental Forest, northern 
Florida. The turpentine was obtained by heating 
the oleoiLsin under reduced pressure; at the end 
of the operation, the pot temperature reached 212°, 
and the pressure was reduced to 2 mm. The yield 
of turpentine was 19 per cent of the weight of the 
oleoresin. The phy'sical characteristics of the tur- 
pentine were these: density, d” = 0.8437; index of 
refraction, = 1.4716; specific rotation, (a)” = 
-83 7. 

.1 300-Gra. batch of the turpentine was fraction- 
ated with a Vigreux-ty'pe column, 80 cm. long and 
1 5 cm. inside diameter, equipped with a heated 
jacket. .4 reflux ratio 10 to 1 was maintained. 
The pressure was 663 mm. In fractions 1 and 2, 
a-pinene was identified. A copious precipitate of 
pinene nitrosochloride was obtained from both 
fractions when the oil was diluted with glacial acetic 
acid, chilled, mixed with amyl nitrite, and a 1 ; 1 
mixture of hy'drochloric and acetic acids was added 
dropwise. After three recrystallizations from chlo- 
roform by' addition of cold methanol, the nitroso- 
chloride melted at 104-105°. 

-Attempts to identify fl-pinene in fraction 6 were 
not successful. Physical characteristics of fractions 

* Received October 7, 1957, from the Institute of Forest 
Genetics, California Forest and Range Experiment Station, 
maintained by the Forest Service. U. S. Department of Agri- 
culture, in cooperation with the University of California. 
Berkelej’. 

The work reported in this paper was aided through a grant 
from the Rockefeller Foundation 

Included in this article is a brief summarj’ of the entire 
project. 


8 to 17 (Table I) clearly indicated the presence of 
large amounts of /-limonene. This terpene was 
identified in fraction 13 by' preparation of limonene 
tetrabromide. After four recrystallizations from 
ethyl acetate, the tetrabromide possessed a melting 
point of 105-106°. Fraction 17 was extremely 
fragrant. It contained a great deal of limonene, to 
be sure, but also, apparently, an admixture of some 
oxygenated compounds. This fraction was redis- 
tilled to remove most of limonene. The higher 
boiling part of the fraction (1.3 Gm.) was oxidized to 
homoanisicacid. [SeeTHisJouRNAL43, 741(1954)]. 
Recrystallized from hot «-hexanc, the homoanisic 
acid possessed a m. p. of 85-86°, The homoanisic 
acid was further oxidized, by the action of chromic 
anhydride, to anisic acid. Recrystallized from «- 
hexane, the aeid had a melting point of 183.7- 
184.6°. There was no depression of melting point 
upon admixture of authentic anisic acid. Thus, 
presence of methyl ehavicol in the turpentine of P. 
seroiina was established.’ Possibly the flask residue 
eontained some sesquiterpenes, but these did not 
amount to more than 2 or 3% of the total oil. 

To sum up, turpentine of P. seroiina contained; 
/-or-pinene, 5%; /-limonene, 90%; methy'I ehavicol, 
1%, and 2 or 3% of unidentified sesquiterpenes. 

Pinus TenuifoUa Benth . — Pinus temiifolia Benth. 
was discovered and named in 1839, but later it lost 
its speeific rank and was described by Shaw (7) as a 
variety' of Pinus pseudostrobus. Martinez (6) con- 
siders it an independent species. 

Judging by' the chemistry of its turpentine, which 
is much more complicated and quite different from 
that of P. pseudostrobus, we concur with Martinez, 
and consider P. temiifolia a valid species. 

An oleoresin sample of P. temiifolia came to us 
through the courtesy of Mr. Louis Huguet from the 
vicinity' of Uruapan, Michoacan, Mexico, The 
turpentine was expelled from the oleoresin under re- 
duced pressure; at the end of the distillation, pot 
temperature was 180°, and pressure was 2 nun. 
The yield of turpentine was 27%. The physical 
characteristics of the turpentine were as follows: 
density', dj°' ' = 0.8600; index of refraction, w’d'' 
= 1.4672; specific rotation, [aln = -i-25.0. 

A batch of 964 Gm. of the turpentine was froc- 
tionated in the Todd apparatus described in previous 
articles of this series; 72% of the turpentine was 

* Thanks arc due to Dr Gene Kritchevsky for hlentifica* 
tion of metliyl chavicol. 
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distilled under atmosplieric pressure, the rest under 
a pressure of 9 min. Hg. The results of the frac- 
tional distillation are shown in Table I, 

The lower-boiling fractions consisted of d-a-pin- 
ene; this terpene was identified in fraction 2 bj' the 
usual preparation of nitrosochloride, which after 
several precipitations from chloroform by cold 


methanol, possessed a melting point of 105 to 10C“, 
Fraction 12 was tested for /3-pinene. by the usual 
preparation of nopinic acid, which, after two re- 
crystallizations from benzene, had a melting point 
of 127°. 

Fraction 16 yielded a nitrosate; after recrystalli- 
zation from chloroform by addition of cold methanol, 


Table I. — Fractional Distillation of Turpentine of Finds serotina, P. yunnanensis, and P. 

TENUIFOLIA 


Fractions 


Pressure 


Boiling 
Range, 
° C. 


Distillate, 

% Density 


Index 

of Specific 

Refraction Rotation 


(1) Pimts serotina 

(SOS Gm. used) 

1 

663 

150-161 

2 

663 

161-162 

3 

663 

162-163 

4 

663 

163-164 

5 

663 

164-165 

6 

663 

165-160 

7 

663 

166-167 

8 

663 

167-168 

9 

663 

168-169 

10 

663 

169-170 

11 

663 

170-171 

12 

663 

171-172 

13 

663 

172-173 

14 

663 

173-174 

15 

663 

174-175 

16 

663 

175-178 

17 

663 

178-200 

Residue 



Losses 


« . . 

(2) Finns leniiifolia (964 Gm. used) 

1 

760 

107-155 

2 

760 

155-156 

3 

760 

156-157 

4 

760 

38-39 

5 

769 

39-41 

6 

769 

41-43 

7 

769 

43-44 

8 

769 

44-45 

9 

769 

45-46 

10 

769 

46-47 

11 

769 

47-48 

12 

769 

48-49 

13 

769 

49-50 

14 

769 

50-52 

15 

769 

52-53 

16 

769 

53-54 

17 

769 

54-55 

18 

769 

55-56 

19 

769 

56-62 

20 

769 

62-66 

21 

769 

66-68 

22 

769 

68-70 

23 

769 

70-80 

24 

709 

80-84 

25 

709 

84-86 

26 

769 

80-90 

2< 709 

Residue and losses 

90-95 


(3) Phtus yunnanensis (29 Gm. used) 


1 

700 

153-154 

o 

700 

154-155 

3 

700 

155-157 

4 

700 

157-159 

5 

700 

159-101 

Residue 

Losses 


above 161 



dr 

» D 

1.7 

0.8445 

1.4617 

4.0 

1.9 

0.8416 

1.4681 

9.5 

2.2 

0.8423 

1.4689 

14.6 

1.3 

0.8420 

1.4693 

2.2 

0.8402 

1.4702 

16.6 

4.7 

0.8397 

1.4706 

5.5 

7.8 

0.8396 

1.4709 

14.6 

2.3 

0.8396 

1.4714 

1.3 

1.7 

0.8427 

1.4725 

1.9 

0.8713 

1.4829 

4.9 



1.3 



0.4 

d=» 

>Ip 

62.0 

0.8557 

1.4641 

9.7 

0.8558 

1.4651 

2.6 

0.8569 

1.4652 

1.1 

0.8579 

1.4673 

0.4 

0.8588 

1.4681 

0.8 

0.8593 

1.4697 

0.5 

0.8595 

1.4710 

0.8 

0.8595 

1,4721 

0.9 

0.8602 

1.4733 

1.0 

0.8602 

1.4740 

1.2 

0.8602 

1.4740 

1.3 

0.8602 

1.4740 

1.4 

0.8602 

1.4731 

1.2 

0.8593 

1.4721 

3.5 

0.8584 

1.4719 

2.3 

0.8581 

1.4712 

0.5 

0.8581 

1.4730 

0.7 

0.8508 

1.4750 

0.6 

0.8548 

1.4800 

0.5 

0.8614 

1.4843 

0.3 

0.8026 

1.4850 

0.4 

0.8711 

1.4782 

0.6 

0.8711 

1.4681 

0.5 

0.8711 

1.4685 

0.3 

0.8964 

1.4745 

0.8 

0.9433 

1.4841 

3.7 



dr 


3.8 

0.8535 

1.4630 

61.3 

0.8510 

1.4638 

13.1 

0.8523 

1.4648 

5.9 

0.8556 

1.4604 

2.4 

0.8530 

1.4683 

7.0 

5.9 

0.8743 

1.4823 


l«lf 

-42.0 

-49.8 

-57.9 

-70.6 

- 88.0 

- 100.0 

-108.4 

-117.3 

-111.7 

-85.0 


+40.4 
+35.1 
+29.9 
+22.8 
+ 18.9 
+8.2 
- 0.2 
-7.0 
-13.7 
-17.0 
-17.0 
-14.0 
-4.6 
+3.6 
+13.5 
+14.5 
+7.4 
-0.9 
- 2.1 
-0.9 
- 1.2 
-2.5 
- 12.1 
- 12.0 
-9.4 
-8.9 


-47.3 

-50.5 

-47.7 

-42.1 

-32.2 

-6.9 
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the nitrosate melted at 146° Thus the presence 
of (/-A’-carene in turpentine of P lentiifolia nas 
established 

Tcrpinolenc uas detected in fraition 21 A 
tetrabroinide prepared from the oil nf tins fraction 
nas recr\ stalhzcd from chloroform In addition of 
cold methanol The melting point f the tetrabro- 
mide nas 109 to 110° 

Fractions 23 and 24 possessed a fragrant odor, 
suggesting the presence of an owgenated terpenc 
compound Fraction 24 iias examined by Dr 
Gene Kntchei skv and nas found to contain linaloo! 
Its /i-nitrobenzoate possessed a melting point of 
09 0 to 70° Its phenxdurethaiie melted at 63 6 to 
04 2° The spectral data of fraction 24 suggested 
the presence of small amounts of metlnd chavicol 

Judging from the densitx of fraction 27, it obvi- 
ously contained some sesquiterpenes A hydro- 
chloride lias prepared using 3 Gm of the oil of this 
fraction, dissolved m 24 cc of drj’ ether, and treated 
with drv HCl gas for thirtj minutes at 0° The 
ether was then evaporated Upon standing in a 
refrigerator for three ii ceks, h\ drochloride crystals 
M ere formed, but these melted as soon as the evapo 
rating dish i\as retiioicd from the refrigerator 

Similar behax’ior of a hydrochloride melting at 
Ion temperature has been observed in Pinus tnsu- 
laris and P glabra 

To sum up, turpentine of P teumfoba contained 
tf-ff-pineiie, 77*/! / /3-pmene, 6 to 7%, d A’-carene, 
8%, terpinolcnc, 1 to 2*^, mcthxl chavicol (pos- 
sibly), less than 1%, linalool, about 1%, sesqui- 
terpene fractio! 1% 

Pinus yunr mensis Franchet. — Pnnis yumtanen- 
sis nas dc'cri cd by Franchet m 1899 as an inde- 
pendent spu s Shan (8) considers it as a varietj 
and calls It / iiiiiJ siiieiisir var yunnanensts Lateh, 
lion ever, 1 c name P siMciiris has fallen into misuse 
and to certain degree has been replaced b\ the 
name tabulacformis Pinus yunnanensts has 
again become in the ei es of some botanists (4) a 
\ahd species 

Wu (9), norking nitli herbarium material, ar- 
med at the conclusion that Pinus yunnanensis and 
Pints insularts arc the same species It is seen 
tlun that opinions differ as to the botanical status 
of /’ sunnanensis 

This pine grows in all of Yunnan province except 
the alpme zone and iii the southnesteni part of 
Kn eichan province It also occurs iii upper Burma, 
northern \’iet Nam, and in a narrow belt of northern 
India 

As It was difTicult to obtain olcorcsin of this pine 
from Its natue habitat, the writer tapped a fen 
planted trees growing in the Eddy Arboretum, In- 
stitute of Forest Genetics, near Placerville, Cah- 
foniia A little more than 30 Gm of turpentine 
was obtained b\ heating the oleoresiii under reduced 
pressure At the end of the distillation, temperature 
was raised to 180°, and the pressure was reduced to 
1 mm 

The X leld of turpentine was 22 6%, its character- 
istics were as follows density, d°J “ = 0 8591, in- 
dex of refraction, = 1 4663, specific rotation, 
Wii’ = -44 3 

A batch of 29 Gm was fractionated in a Todd 
column fitted with a \’igrcux-t\ pc tube SO cm 
long and 1 5 cm inside dniiieter The reflux ratio 


w’as 10 to 1 throughout the distillation Results 
of the fractionation are presented in Table I 
Judging from the physical characteristics of the 
fractions, P yunnanensis turpentine consisted of at 
least 87% /-a-pinene A pinene mtrosoclilnndc 
was prepared from fraction 2 The iiitrosochloride, 
rccrystallized from chloroform by addition of cold 
methanol, possessed a melting point of 106-107° 
Addition of authentic pinene iiitrosochloride did not 
lower the melting point 

A slight drop m density of fraction 5 suggested 
the presence of another terpeiie, but there was not 
enough material to identify it 

Characteristics of the residue (which was not 
“oil>” and was very fragrant) do not point to aiiv 
appreciable amounts of sesquiterpenes, but the\ 
suggest the presence of a dextrorotatory oxygenated 
compound 

To sum up, P yunnanensis turpentine contains 
/-ff-piiiene, 87%, possible /-/3-piiiene (small 
amounts), and oxygenated terpene compounds 5 or 
6% Apparently there were no sesquiterpenes 


ENTIRE PROJECT SUMMARY 

This paper completes the project of systematic 
investigation of chemical composition of gum 
turpentines of the species of genus Ptniis. Tur- 
pentines of 66 pines have been investigated or, 
in some instances, re-examined. 

Some of the results of our inquiry are gix'en 

We have found eth}’! caprylate in the turpen- 
tine of Pinus ednhs. Previously this ester was 
positively identified only in fusel oil of grape 
brandy. 

A sesquiterpene, albicaulene, a corresponding 
sesquiterpene alcohol, albicaulol, and a diterpenc, 
cembrene, w'ere all three found in Pinus albicauhs 
turpentine and named These are apparently 
new substances, not reported previously in any 
plants Later w^e found albicaulene and albi- 
caulol in several more pines. 

A bicyclic sesquiterpene which was found in 
Pinus pinceaiia turpentine and which was named 
maderene is also probably a new sesquiterpene. 
A diterpene occurring in P. koraiensis turpentine 
w'hich formed maleic anlij’dnde adduct, is prob 
ably a newdy found hydrocarbon 

Longifolene was reported by us in turpentines 
of many American and Mexican pines, often in 
large quantities 

We haxie found methyl chavicol in gum tur- 
pentines of several pines 

Linalool was identified in turpentine of Pinus 
tcnuijolia 

We hax'e found that paraffin hydrocarbons are 
not so rare as ingredients of pine gum turpen- 
tines as had been previously supposed , «-hcptane 
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was found in turpentines of S pines; ;i-undecane 
in 7 

Myrcene was found in turpentines of 5 pines 
and ocimene in 1. Terpinolene was detected in 
turpentines of 5 pines. 

A bicyclic terpene, A’-carene, proved to be a 
rather common terpene in American pines. 
Some varieties of Finns ponderosa contained more 
than 50 per cent of this terpene. 

Besides contributing to knowledge of turpen- 
tine chemistry, information reported in the pub- 
lications of this series has sensed as a foundation 
for studying the distribution, variability, and 
inheritance of terpenes and associated nonter- 


pene compounds of the species of the genus 
Finns. 
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Concentration of an Alfalfa Growth Factor for 
Neurospora sitophila and Its Use in the 
Microbiological Assay of Pyridoxine* 

By ARTHUR F, NOVAK, MARY LOU JONNARD, and JOSEPH A. LlUZZOf 

Dehydrated alfalfa leaf meal contains an unidentified factor (s) necessary for maxi- 
mum growth of Neurospora sitophila in Difco Bacto Pyridoxine Assay Medium. A 
procedure for one-thousand-fold concentration of this factor was developed which 
involved extraction of dehydrated alfalfa leaf meal with dilute hydrochloric acid, 
precipitation of inert material with ethanol, removal of impurities soluble in diethyl 
ether, chloroform, and benzene, followed by chromatographic adsorption of the 
active substance on fuller’s earth, and then elution with hydrochloric acid. Supple- 
mentation of 100 Gm. of Difco Bacto Pyridoxine Assay Medium with approximately 
0.5 Gm. of concentrate will improve use of the medium for the microbiological as- 
say of pyridoxine in vitamin products containing alfalfa concentrates. 


Tn a previous publication (1) in 1953, it was 
shown that the addition of alfalfa extracts 
caused excessive growth of Neurospora sitophila 
in a medium considered complete for the micro- 
biological assay of pyridoxine. This method can- 
not be emploj'ed for accurate pyridoxine assays 
of vitamin products containing alfalfa concen- 
trates because they contain another factor neces- 
sary for maximum growth of the test organism 
The nature of this substance was studied. 

EXPERIMENTAL 

Dehydrated alfalfa leaf meal was used as the 
source of all fractions discussed in this investigation 
Difco Bacto Pyridoxine Assay Medium (Formula 
revised July 1954) (2), patterned after that de- 
scribed by Stokes, cl at (3), and modified by Barton- 
Wright (4). was employed because it is highly 
staiulardircd and results can be duplicated reason- 

•Rccenctl September 2j. lOW. from the Dcpirlment of 
ARriciilUiral Clicmi'itrj- and Biocliemivlrv , Lmiisiam State 
Um\ crvitj , Baton Rourc. La 

t Department of Animal Husbandry, MichiRan State Uni 
acrsity. Past LnnsiilR. Mich 


abljL The fact that this commercial product is 
deficient in an unidentified factor(s) present in al- 
falfa, but which is required for maximum growth of 
the assay organism Neurospora sitophila 299 ATTC 
9276, is the basis for this investigation. Any sig- 
nificant growth response by this organism above 
that obtained uith the basal medium, and caused by 
supplementation with alfalfa or its fractionation 
products, was a verification of the presence of an 
essential substance in the fraction being tested. 

Difco Bacto Neurospora Culture Agar (2) was 
used for maintaining a stock culture of the organ- 
ism, and for preparing the inoculum. This culture 
was transferred at fiftecu-day inten’als and stored 
under refrigeration at 0°. To prepare an inoculum 
of Neurospora sitophila, a transfer was made forty- 
eight hours prior to the assaying period 

Pyridoxine stock solution was prepared by dis- 
solving 20 mg. of pyridoxine in 200 ml, of distilled 
water. This standard solution was discarded after 
one month, and a new solution prepared. It was 
stored under refrigeration in an amber bottle to 
prevent decomposition or inactivation. The con- 
centration of pyridoxine used per assay flask (vol- 
ume 10 ml ) was 0 1 mg 

To rehydrate the assay medium, 5 Gm. Difco 
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Bacto P\ndo\ine Assa\ Medium «ere dissolved m 
100 ml of distilled water and boiled for several 
minutes The medium was cooled, and distributed 
in 50 ml Erleiime} er flasks Five milliliters of the 
assat medium and 1 ml of pjridoNine stock solu 
tion were added to each flask Thi^ is referred to as 
the basal medium \ olume m the control flasks 
was adjusted to 10 ml bj the addition of 4 ml of 
distilled water Alfalfa concentrites to be tested 
were then added to the remaining flasks m concen 
tration equn alent to 0 8 Gm of dehj drated alfalfa 
leaf meal per flask Preliminarj experiments 
showed this to be the concentration necessary for 
maximum stimulation of the organism in the basal 
medium This was ascertained from tests made bj 
adding different levels of an aqueous extract of de- 
hj drated alfalfa leaf meal to flasks containing the 
basal medium Growth response of Neurospora 
sttoplnla was measured by comparison of mycelial 
weights Results are gi\ en m Table I 


Table I — Growth Response to Increasing Con- 
centrations OF Alfalfa 


Conen of Alfalfa 

Dr> Mycelial Wt ® 


Gm /riask 

mg /riask 


None 

48 0 


0 2 

54 0 


0 5 

65 2 


0 8 

76 2 


1 6 

76 1 



° Each figure s a\erage of six flasks Least significant 
difference at level is 2 9 rag 


Fractii 1 s failing to cause increased grow th of the 
organisii above the control were retested m higher 
concen' I itions 

All test flasks were autoclaved at 121° for fifteen 
minutes cooled to room temperature, and inoculated 
with a culture of Neurospora sitoplnla Inocula 
was prepared bj transferring one loop of spores 
from a forta eight hour culture of the organism into 
101) ml sterile 1% saline One drop of this sus 
ptiision was added to each flask from a sterilized 1- 
ml pipet, and the flasks were incubated at 30° for 
fi\ e daj s At the termination of the incubation 
period, the micelia were removed from the flasks 
with a stiff wire needle, and pressed dry between 
paper towels Each mj'celiura was then dried to 
constant weight at 100° and weighed 

All pH adjustments were made with hydrochlorie 
acid and sodium hvdroxide 

This general procedure w as emploj ed throughout 
the entire experiment to measure the acti\ ity of the 
1 anous alfalfa fractions 

Chemical and Physical Properties of the Uni- 
dentified Growth Factor(s) — This phase of the 
project was planned to obtain facts upon which a 
reasonable commercial procedure for concentration 
of the factor could be based The following alfalfa 
fractions were made in order to show these proper 
ties Even time a separation was obtained, each 
fraction was tested for growth promoting activity 
Fractions with questionable activity were elimi- 
nated 

Dehydrated alfalfa leaf meal was extracted with 
distilled water in a 1 Gm to 5 ml proportion by 


autoclaving the mixture at 121° for thirty minutes 
Another portion of leaf meal was extracted with 
0 1 A'^ hydrochloric acid by the same method The 
mixtures were cooled and filtered through What 
man No 1 paper Both extracts were adjusted to 
pH 4 5 and tested for activity Residues from these 
extractions w ere discarded 

The acid extract, which was found to be more ac 
tive than the aqueous extract, was adjusted to pH 

7 2 and the whole extract was precipitated by the 
addition of 2 volumes of 95% ethanol The pre 
cipitate was separated by filtration through Wlnt 
man No 1 paper and dissolved in water Etlnnol 
was removed from the filtrate by boiling Both the 
aqueous solution of the precipitate and the filtrate 
fractions were tested for activity 

The fact that the factor(s) is extracted m acid 
solution under high temperature is verification of its 
stability m solution at a low pH To determine 
whether or not the factor(s) is stable to heat in 
alkaline solution, the ethanol filtrate was adjusted 
to pH 12 0 and boiled for fifteen minutes 

Twenty-milhhter aliquots of the ethanol filtrate 
were adjusted to pH 4 5 and each extracted by three 
repeated extractions m a separatory funnel with 
30 ml portions of selected solvent Solvents used 
for extractions were diethyl ether, chloroform 
carbon tetrachloride, and benzene A 20 ml 
aliquot of the ethanol filtrate was adjusted to pH 

8 5 and extracted with diethyl ether in the same man 
ner The solvent from eaeh extraction was evapo 
rated to dryness on a steam bath, and 4 ml of dis 
tilled water was added to each flask to dissolve the 
residue remaining m the container 

Twenty-milhhter portions of the ethanol filtrate 
y\ere adjusted to various pH’s and passed through 
200 X 18 mm chromatographic columns packed 
half full w ith the adsorbant The adsorbants used 
were activated carbon (Darco), fuller’s earth 
(Sargent), and levitated alumina (Schaar) Each 
adsorbant selected was mixed half and half with 
Cehte prior to packing in the column Columns 
packed with the adsorbants were wetted with water 
before the active solutions were passed through 
After passing the filtrate through the columns, 
each was eluted with 0 1 N hydrochloric acid 

The ethanol filtrate at pH 8 5 was precipitated by 
acetone and this precipitate dissolved in water 
Acetone was removed from the filtrate by evapora- 
tion on a steam bath, and 4 ml of distilled water 
was added to the residue 

After the solutions were adjusted to pH 4 5, the 
solvent extracts, aqueous preparations from the 
solvent extractions, fractions that passed through 
columns, and the heat treated ethanol filtrate at 
pH 12 0 were tested for activity Results arc listed 
m Table II 

To prepare a concentrate of the active substance, 
100 Gm of dehydrated alfalfa leaf meal were ex 
traded with 500 ml of 0 1 N hydrochloric acid by 
autoclaving for thirty minutes at 121 ° This prepa 
ration was filtered through Whatman Ffo 1 paper, 
and the residue washed with distilled water before 
being discarded The filtrate and washings were 
combined and concentrated to 500 ml by direct 
heat After adjusting the concentrated filtrate to 
pH 7 2, two volumes of 95% ethanol were added, 
stirred, and allowed to stand overnight A gela- 
tinous precipitate formed which was removed by 
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Table II. — Some Properties of the Unidentified 
Groivth Factors 


Supplements to Basal Medium, 

Do- 

Mycelial 

Wt.,“ 

Equivalent to 0 8 Gm. Alfalfa 

mg. /Flask 

None 

47.5 

Ethanol filtrate of the acid extract 

74.0 

Heat treated ethanol filtrate, pH 12.0 

65.0 

Extractions of ethanol filtrate: 

1. Diethyl ether, pH 4.5 

(a) Extract 

No 

(h) Aqueous phase 

growth 

87.3 

2. Diethyl ether, pH 8.5 

(a) Extract 

48.0 

(b) Aqueous phase 

67.0 

3. Chloroform, pH 4.5 

(a) Extract 

47.1 

(b) Aqueous phase 

73.2 

4. Carbon tetrachloride, pH 4.5 

(a) Extract 

46.4 

(b) Aqueous phase 

85.1 

6. Benzene, pH 4.5 

(a) Extract 

47.9 

(6) Aqueous phase 

85.1 

6. Acetone, pH 8.5 

(a) Precipitate 

61.5 

(b) Filtrate 

No 

growth 

Chromatographic columns of: 

1. Alumina levitated filtrates 

pH 4.7 

70.3 

pH 7.0 

69.4 

pH 9.0 

48. 1 

2. Fuller’s earth filtrates 

pH 4.5 

02.1 

pH 7,0 

46,7 

pH 8.5 

47.4 

3. Fuller’s earth eluate, pH 8.5 

65.0 

4. Activated carbon, pH 6.0 

01.7 


« Each figure is average of six flasks. Least significant 
difference at 1% ievel is 2.G mg. 


filtration, washed with 95% ethanol, and discarded. 
Ethanol was removed from the filtrate by evapora- 
tion on a steam bath, and the volume was adjusted 
to 500 ml, by addition of distilled water. (One 
milliliter is equivalent to 0.2 Gm, of dehydrated 
alfalfa leaf meal.) This solution is referred to as 
the ethanol filtrate fraction. 

Tiventj’^ milliliters of the ethanol filtrate was 
adjusted to pH 4,5 and e.\tracted three times with 
30-ml. portions of diethyl ether. The ether ex- 
tracts were discarded, and the remaining solvent in 
the aqueous phase was adjusted to 20 ml. by the 
addition of distilled water. This aliquot was desig- 
nated as Fraction A. 

Fraction A was extracted three times with 30-ml. 
portions of chloroform at pH 4.5. An emulsion 
fonned, but upon standing separated into two sepa- 
rate phases. The solvent e.\tracts were discarded, 
and the remaining solvent in the aqueous phase was 
adjusted to 20 ml. with distilled water, and this was 
called Fraction B. 

Fraction B was c.\tractcd three times with 30-ml. 
portions of benzene at pH 4.5. The solvent ex- 
tracts Were discarded and the remaining solvent 
present in the aqueous phase was removed by steam 


evaporation, t^olume of the aqueous phase was 
adjusted to 20 ml. as above, and this solution was 
called Fraction C. 

Fraction C was adjusted to pH 8.5 and passed 
through a chromatographic column of fuller’s 
earth. Previously it was found that the active sub- 
stance is adsorbed on the column at this pH. The 
column was eluted with 0.1 N hydrochloric acid 
and the acid eluate was concentrated on a steam 
bath. This solution was called Fraction D and is 
the final concentrate. 

To evaluate each fraction in terms of increased 
growth of Neurospora sitophila in Difeo Bacto 
Pj'ridoxine Assay Medium, each fraction was tested 
by comparison with standard controls. To elim- 
inate the possibility that an insufficient quantit}’ of 
the active substance was present in the final con- 
centrate, it was also evaluated at double concen- 
tration. Activitj' was measured according to the 
procedure previously discussed, and the results are 
presented in Table III. A schematic outline of the 
fractionation procedure is given in Fig. 1. 


Table III. — Activity of Alfalfa Concentrates 
ON the Growth of Neurospora sitophila 


Dry 

Mycelial 

AdditioDs to Basal Medium, Wt.,® 

Equivalent to 0.8 Gm. Alfalfa mg./Flasfc 

None (pyridoxine free) 17.5 

None (containing pyridoxine) 48.0 

0.1 ATHCI Extract 88.5 

Ethanol filtrate of the acid extract 76.0 

Fraction A 87.0 

Fraction B 85.0 

Fraction C 71.5 

Fraction/) 71.9 

Fraction D (double concentration) 70 . 1 


« Each figure is average of six flasks. Least significant 
difference at 1% level is 2.4 mg. 


An aqueous solution of the concentrated material 
remained stable upon exposure to light seventy-two 
hours and exhibited some fluorescence when ex- 
posed to ultraviolet light. 

DISCUSSION 

A substance causing increased growth of Netiro- 
spora sitophila in Difeo Bacto Pyridoxine Assay 
Medium has been concentrated from dehydrated 
alfalfa leaf meal. Various properties of the factor 
have been established during the concentration pro- 
cedure. 

It was shown experimentally that the growth 
factor(s) was extracted to a greater extent with 
0.1 N hydrochloric acid than with distilled water. 
Since the acid extract was concentrated by direct 
heating and this fraction exhibited growth stimula- 
tion, it was ^tablished that the factor is stable to 
heating in acidic solution. The etiianol filtrate also 
showed growth activity when heated in alkaline 
solution. Therefore the factor is stable to heating 
m alkaline solution. Since ethanol was evaporated 
from^ the ethanol filtrate by direct heating at ap- 
proximately neutral pH and this fraction proved to 
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Step I 


Step II 


Extraction iiith 0 1 N HCl 

\ i 

Residue Extract 

(Discarded) | 

i 

Precipitation 
iMth 05% Ethanol 

Filtrate Precipitate 

I (Discarded) 


Step III Extraction uith 

Diethj 1 Ether 

/ ^ 

Aqueous Phase Extract (Discarded) 

./ 

Extraction with 
Chloroform 

/ N 

Aqueous Phase Extract (Discarded) 

,/ 

Extraction with 
Benzene \ 

i/ \ 

Aqueous Phase Extract (Discarded) 

/ 

Fuller's Earth 
Treatment 
i/ N 

Adsorbate Filtrate (Discarded) 

y 

HCl Elution 

/ N 

Residue Eluate and HCl 

(Discarded) (Final Concentrate) {Fraction D) 

Fig 1 — The seheme of fractionation 


{Fraction A) 

Step IV 

{Fraction B) 

Step V 

{Fraction C) 
Step VI 


be active it uas established that the substance is 
heat stable m neutral solutions 

The growth factor is not extracted from the 
aqueou? phase at pH 4 5 in diethyl ether, chloro 
form, carbon tetrachloride, and benzene, or at pH 
8 5 vith diethyl ether It is precipitated from the 
aqueous phase at pH 8 5 by acetone It is ad- 
sorbed from solution at pH 9 0 by levitated alumina, 
and at pH 7 0 or 8 5 bj fuller’s earth, from which it 
can be eluted «ith 0 1 A'^ hydrochloric acid It is 
not adsorbed from solution at pH 4 7 or 7 0 by levi- 
tated alumina, at pH 4 5 b} fuller’s earth, and at pH 
G 0 b} acti\ ated carbon 

Growth inhibition rather than stimulation re 
suited uhen the basal medium nas supplemented 
with either the dieth}! ether (pH 4 5) extracted 
fraction from the ethanol filtrate, or the precipitate 
formed b} the addition of acetone to the ethanol 
filtrate This suggests the presence of an inhibitor} 
factor for Neurospora sitophila A growth depres 
Sion factor was reported in the literature for chicks 
fed deh^ drated alfalfa at high levels in a poultr} 
ration Lepkoisk}, et al (5), found that this 
factor could be rcmo\ cd from the dehydrated alfalfa 
bv repeated water extraction which suggests that 
their mhibitor\ factor and the one described here 
ma} be the same Ecidently, a growth depression 
factor is either destroced or separated from growth 
stimulaton factors at this point, because it was not 
encountered m further separations, or possibl} the 
inhibitor} factor is present m such inadequate quan 
titles m the latter fractions that no effect is produced 

The final concentrate prepared m the laborator} 


contained a growth promoting factor necessar} for 
maximum grow'th of Neurospora sitophila Tins 
substance is either lacking in the present commercial 
medium or present m inadequate amounts Since 
fraction D caused an increase m growth of 50% 
above the control as compared to a considerabl} 
greater stimulatory effect afforded by the alfalfa 
hydrolysate, it is apparent that this latter increase 
m growth is due to at least one additional factor, 
indicating a separation had been made Verification 
was accomplished by failure to inerease growth 
further with Fraetion D by increasing the concen- 
tration used for the biological test 

The final concentrate represents less than 0 1% 
of the initial solids Starting with 100 Gin of 
alfalfa, the final concentrate weighed approxnnatcl} 
100 mg It can be stated tint 99 9% of the inactn e 
material had been effectively removed from the 
dehydrated alfalfa leaf meal Supplementation 
of 100 Gm of Difco Baeto Pyndoxme Assay Medium 
with 0 5 Gm of concentrate will improve its use for 
the microbiological assay of pyndoxme m vitamin 
products containing ph} tological concentrates 


REFERENCES 

(1) Novalc A r Gama ART luzzo J A and Rulilaft 
E B Tins Journal 42 , 581 ( 1953 ) 

(2) Difco Xlanual 8th ed Difco I ahoratorics Dctroil 

Xlich 1903 pp 220-227 „ . 

(3) Stokes J f I arsen A Woodward C R Jr Foster 
J W J Biol Chtm 150, 17(1943) 

(4) Barton WriKht E C AnahU 70,283(191')) 

(5) Lcpkoiskj S Shacliff W Pelersoil D md Jerry 
R Poultry Set 29, 208(1919) 



The Use of Active Iodine as a Water Disinfectant* 


By SHIH L. CHANG 


The chemistry of the formation of various species of titrable iodine in solutions of 
elemental iodine and iodide are described in a quantitative manner. The relative 
cysticidal efficiencies of various species of titrable iodine and the effect of tempera- 
ture on cysticidal efficiency of U are described, and equations are given for computing 
the cysticidal residual Ii with a given contact time, and vice versa, at varying tempera- 
tures, as well as that for computing the cysticidal residual iodine in Ij-l; systems. 
The relative viricidal (against Coxsackie B2 virus) efficiencies of various species of 
titrable iodine and the effect of temperature on viricidal efficiency of Ir are described, 
and the employment of the equations used in computing the cysticidal residual 
iodine for Ij and Ii-IJ combination, with or without modification, are given. Be- 
cause of the incompleteness of the data other than those on I 2 at 25'’, values obtained 
in various computations are presented with reservation but are considered as rela- 
tively safe for use in practice. The use of preparations of iodine for water disin- 
fection in practice is discussed. 


"Crom the authentic information on disin- 
fection of water by active halogens (1-7), it is 
apparent that of the pathogens that may nor- 
mally find their way into water and water supplies, 
the cysts of Endamocba histolytica and the enteric 
viruses, except the adenovirus (7), are more re- 
sistant to free chlorine and/or iodine than either 
the bacteria or cercariae of human schistosomes. 
Hence, in using active iodine as a water disin- 
fectant, a good margin of safety is provided for 
the destruction of the latter organisms if the 
application is based on its effectiveness on the 
amoebic cysts and one or more of the more re- 
sistant enteric viruses. 

In a quantitative sense, the destruction of 
microorganisms in water by active iodine is a 
subject of considerable comple.\ity because of a 
number of reactions which elemental iodine may 
undergo in aqueous solutions to form various 
species of titrable iodine having varvdng germi- 
cidal efficiencies. In two previous communica- 
tions the writer and his associates have reported 
on the usefulness of elemental iodine as a water 
disinfectant (3) and its use for such purpose under 
field conditions (8). However, in times of emer- 
gency, the iodine tablets described (8) may not 
be available and any of the other preparations, 
such as tincture of iodine, Lugol’s solution, and 
iodophors, may have to be used, or the water 
to be treated may have such a high alkalinity as 
to break the buffering capacit}' of the dihydro- 
gen pyrophosphate present in the iodine tablets, 
thus pennitting hydrolysis of I-, or even further 
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changes of the hydrolysis product, hypoiodous 
acid. Hence, it is felt that fairly complete in- 
formation on the use of active iodine as a water 
disinfectant should be assembled so that it can 
be used more efficiently under more flexible con- 
ditions. 


CHEMISTRY OF AQUEOUS SOLUTIONS OF 
ELEMENTAL IODINE 


In various preparations of elemental iodine, io- 
dide is used to improve its stability and solubility, 
except iodophors, in which the diatomic iodine is 
stabilized and made more water-soluble by being 
bound to a nonionic detergent. When a preparation 
of elemental iodine (excluding iodophors) is dis- 
solved in water, the Ij may remain in its elemental 
form, or it may undergo changes involving one or 
more reactions, depending on the initial concentra- 
tion of titrable iodine and added iodide, and the 
pH and temperature of the solution. The forma- 
tion of iodomines between ammonia or amino com- 
pounds and I-, fortunately, docs not occur under the 
usual conditions in water disinfection and, therefore, 
can be omitted from the consideration. The re- 
actions that are of importance are as follows: 

Hydrolysis of I. — The equilibrium e.xpression for 
this reaction is; 


[HOI] [H +] [I-] 

11=1 


= AT 


(Eq. 1) 


The value of the equilibrium constant, Kh, is given 
as 9 X 10-« at 0° (9), and 3 X 10“” at 25“ (10- 
12). Since the common I. preparations (iodine 
tablets and tincture of iodine) contain enough iodide 
to give an I:;I- molar ratio of about 1:1, the per 
cent of titrable iodine existing as I- and that as HOI 
in aqueous solutions of elemental iodine containing 
0.5 to 50 p. p. m. of total titrable iodine and enough 
iodide to give an I-;I~ ratio of 1:1.2 have been 
computed for pH values from 5.0 to 8,0 and are 
presented graphically in Fig. I. It should be noted 
that in the computation the formation of triiodidc 
ion and the decomposition of HOI at pH 8.0 were 
ignored. 
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PERCENT OF TITRABLE IODINE AS Is 
100 80 60 40 20 0 



Fig 1 — Per cent of titrable iodine as HOI per 
cent of titrable iodine as H and HOI in aqueous 
solutions at 25° 


In Fig 1 It IS seen that in an aqueous solution of 
elemental lo line containing a total titrable iodine 
of 0 5 p p in and o\ er an enough iodide to give 
an I; I~ molar ratio of 112, an insignificant 
amount f I« is hydrolj zed until the pH rises to 6 0 
or abo\ l At a total titrable iodine concentration 
of 5 p p in or greater, an insignificant amount of I 2 
IS hjdrohzed until the pH rises to 7 0 or above 
Hence, for practical purposes, it may be stated that 
at pH G 0 or belon and total titrable iodine of 0 5 
ppm and aboi e, or at pH 7 0 or belon and total 
titrable iodine of 5 p p m and above, all of the 
titrable iodine exists as I- At pH 7 0 and titrable 
iodine concentrations belon 5 0 p p m , the amount 
of I. h\ drolj zed ranged from about 50% at 0 5 
p p m to 10% at 50 p p m At pH 8 0 the 
amount of I; hjdrolvzed by computation ranges 
from 90% at 0 5 p p m to about 20% at 20-30 
ppm, but the slon decomposition of HOI to 
form lodate upsets the computation to a greater or 
lesser degree, depending on the buffering s>stem 
existing and the time of standing 

Dissociation of HOI. — At high pH values, 9 0 
and over, the HOI formed from h 3 drol}sis of H 
undergoes dissociation The equilibrium expression 
for this reaction is 


[H-*-] [OI-] 
[HOI] 


(Eq 2) 


The value of A'j, is given as 4 5 X 10“'^ at 25° (1) 
From this value, it is estimated that insignificant 
amounts of HOI are dissociated until the pH value 
IS raised to ov er 10 0 Since the HOI decomposes 
rapidlj at pH v alucs of 9 0 and ov er, it becomes 
apparuit that the existence of OI “ ion in significant 


amounts is of such short duration that it has verj 
little, if an}’, practical importance 

Decomposition of HOI. — At pH values ov er S 0, 
the HOI formed from hydrol} sis of Ij is unstable and 
decomposes to form lodate and iodide The re- 
action or reactions may be briefly expressed as 
follows; 

3HOI + 2(OH~) ^ HIOj + 2HiO +21- (Eq 3) 

According to the data of Wyss and Straiidskov (12), 
the decomposition rate m a solution containing 
30 p p m or less titrable iodine is slow at pH 8 0 
maintained by a borate or carbonate buffer, whereas 
m the presence of a phosphate buffer, ^/s of the HOI 
IS gone m forty minutes At pH 9 0 the rate of de 
composition is so fast that m ten minutes about 
"A. ’A. and ^A of the HOI go into formation of 10 
date in borate, carbonate, and phosphate buffer, 
respectively This rapid decomposition of HOI at 
high pH values makes it extremely difficult, if not 
impossible, to compute the amounts of 01“ ion 
formed m solutions of titrable iodine m which sig- 
nificant amounts of HOI are dissociated 

Formation of Ij Ion. — In the presence of added 
iodide in an aqueous solution, the Ij goes into for- 
mation of tri-iodide ion or periodide The forma- 
tion of higher periodide (Ij, Ij, etc ) has been re 
ported, but does not occur in dilute solutions used 
in water disinfection work The equilibrium ex- 
pression for the formation of tri iodide ion is as fol- 
lows 


[I-] ^ 
J] 


(Eq 4) 


The value of Kt is given as 1 4 X 10“’ at 25° and 
0 7 X 10“’ at 0° (13) Since the Kt and tempera 
ture have a semilog relationship, the values of K, 
at other temperatures can be extrapolated from a 
curve prepared by plotting these 2 values of K, 
against the reciprocal of their respective absolute 
temperatures on a semilog graph paper For in 
stance, the values of Ki at 6° and 35° have been 
found by this method to be 0 82 X 10“’ and 1 85 X 
10“’, respectively (14) 

Equation 4 can also be written as 


[H] 


lA] [IJ 

iC. 


(Eq 5) 


From Equation 5 it is seen that the amount of tri- 
lodide formed in acidic aqueous solutions of ele- 
mental iodine with added iodide increases with the 
increase m the concentration of iodide and total 
titrable iodine For convenience of evaluating 
cysticidal and viricidal efficiencies of solutions con- 
taining both I- and Ij in the parts that follow, the 
percentages of these tw o species of titrable iodine m 
solutions hav mg var} ing amounts of elemental io- 
dine and iodide at I- 1“ molar ratios ranging from 
1 1 2 to 1 9 6 have been computed and are presented 
in Fig 2 

Since, as stated before, the common preparations 
of elemental iodine, such as the iodine tablets and 
tinctures of iodine, contain A and iodide at a molar 
ratio close to 1 1, it may be stated for practical 
purposes that in water disinfection by iodine, all of 
the titrable iodine exists as A vvhen its initial con- 
centration is 20 p p m or less and the pH is kept 
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Fig. 2. — Per cent of titrable iodine as 1; amounts 
of titrable iodine as Is and IJ in acidic solutions at 
25° and having varying Is'.I” molar ratios. 


under 7.0. As the initial concentration of titrable 
iodine increases, the amount of Ij ion formed is 
correspondingly increased; but even at a concentra- 
tion of 500 p. p. m. of titrable iodine, only about 50% 
of it goes into the formation of IJ ion. 

CYSTICIDAL EFFICIENCIES OF VARIOUS 
SPECIES OF TITRABLE IODINE 

Elemental Iodine. — At a given temperature and a 
given concentration of E. histolytica cysts, the mini- 
mum cysticidal residual I- is a function of Contact 
time. The quantitative relationship between the 
cysticidal residual Ij and contact time can be ex- 
pressed by the following equation; 

CV = k (Eq. 6) 

where C is the residual titrable iodine as I; in p. p. m. ; 
t is the contact time in minutes; n is the cysticidal 
residual I- concentration coefficient; and F is a 
constant, the value of which is dependent on the 
temperature and the initial cyst concentration. 

The cysticidal efficiency of I- also increases with 
the rise in temperature. The quantitative relation- 
ship between k and temperature is expressed by the 
equation; 

where Qio is the temperature coefficient for a 10° 
change within the range where the temperature it- 
self exerts no detrimental effect on cysts, and ki and 
k are constants for temperatures Ti and Tz, re- 
spectively. 

With an initial concentration of 30-00 cysts per 
ml. of test fluid, which represents on the average a 
contaminated water containing 0.05-0.1 per cent 
fecal matter aiul therefore provides a wide margin 


of safety in disinfection work, the relationship be- 
tween cysticidal Ij concentrations and contact times 
has been determined at several temperatures 
(3, 15, 16). The results observed in these studies 
are summarized in Fig. 3. From this figure, the 
cysticidal residual Ij required for a fixed contact 
time, or vice versa at any of the presented tempera- 
tures can be easily extrapolated. From the slope 
of, and the spaces separating these four curves, the 
values for ii, k, and Qn have been computed. The 
value of It was found to be 1.4 and that of Qjo, 1.6. 
The values of k at temperatures ranging from 3 to 
44° are presented in Fig. 4. With these two figures 
and the values of n and Qk, the cysticidal residual 
h for a fixed contact time, and vice versa, at any 
temperature besides those shown in Fig. 3 can be 
conveniently computed. 



Fig, 3.— Relationship between cysticidal residual 
titrable iodine as I~ and contact time at 3°, 10° 
23°, and 35° (at pH below 6.5 and I-ion concen- 
tiation under 20 p. p. m.), n =slope-1.4. 



in destruction of amoebic cysts by elemental iodine 


Hypoiodous Acid.— The cysticidal efficiency of 
hypoiodous acid (HOI) has been very incompleielv 
ascertained, mainly because of the difficulty e ^ 
countered in its decomposition at pH values wh 
significant amounts of I- would be hydrolyzed^ 
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When the cysticidal efficiency of triiodide was de- 
termined (14), an experiment was carried out at 
pH 8.0 (with a borate buffer) with solutions of ele- 
mental iodine and iodide at an Io:I" molar ratio of 
11.2. To minimize the interference caused by 
decomposition of HOI, a contact time of five min- 
utes was used in the determination. The results ob- 
tained in duplicate tests made at 0 and 25° are 
shown in Table 1. 


p. p. in., and since aqueous preparations of ele- 
mental iodine and iodide, such as Lugol’s solution, 
may have an I;:!” molar ratio as high as 1:3, it is 
of some importance to know the relative cysticidal 
efficiency of Ij ion to that of I 2 . In a previous re- 
port (14) it was shown that the cysticidal efficiency 
of IJ ion is about '/ii. Vs, and Vt thRt of I 2 at G°, 
25°, and 35° respectively. For determining the 
cysticidal residual iodine in solutions containing 


Table I — Cysticidal Ei ticiency of Solutions of Elemental Iodine and Iodide at pH S.O 



Contact 

Maximum Noncysticidal 

Minimum Cysticidal 

Probable Cysti- 

Temp , 

Time, in 

Residual Iodine, ppm 

Residual Iodine, 

ppm 

cidal Residual 


Minutes 

Test I 

Test 2 

Test 1 

Test 2 

Iodine, p p. m 

6 

5 

11 9 

12 5 

13 7 

14.5 

13.1 

25 

5 

5 8 

6 3 

6 9 

7.2 

6.6 


The meager amount of information given in 
Table I does not lend itself to the formulation of a 
general equation, utilizing the hydrolysis constant 
of I 2 , pH, and 1“ ion concentration to express the 
relative cysticidal efficiency of HOI to that of I 2 
Nevertheless, it is possible to compute empirically 
the relative cysticidal efficiencies of these 2 species of 
titrable iodine. This is done by dividing the differ- 
ence in p p. m between the residual iodine as I 2 
alone required to do the same killing and the com- 
puted titrable iodine as I 2 in the cysticidal residual 
at pH S.O by th- computed p p. m. of titrable iodine 
as HOI in the same cysticidal residual. The 
figure thus o’ .ained is the cysticidal equivalent in 
p. p m. of arable iodine as HOI to 1 p p. m. of 
titrable iod 1 le as !•. The reciprocal of this cysticidal 
equivalen 4 HOI to I 2 is therefore the relative cysti- 
cidal effi icncy of HOI to that of I 2 . The results ob- 
tained i 1 these computations are shown in Table II. 
In Table II it is seen that the relative cysticidal 
efficiency of HOI is 'A of that of I 2 at 6 °, and is ’A 
at 25°. It is of interest that these values are a 
little higher than those obtained by Wyss and 
Strandskov (12) for bacterial spores. 

1 rom the relative cysticidal efficiency of these 2 
species of titrable iodine, it is estimated that at 
2.j ’ and levels of residual iodine below 5 0 p. p. m. the 
c\sticidal titrable iodine at pH 8 0 without decom- 
position of HOI is about 30% greater than that at 
pH 7.0 or below, and at levels of residual iodine of 
and above 5.0 p. p. m. the cysticidal titrable iodine 
at pH 8.0 is about 20% greater than that at pH 7.0 
or below. 

Triiodide Ion.— Since the amount of IJ ion formed 
in solutions of elemental iodine and iodide at A:!" 
molar ratio of about 1:1 becomes more and more 
significant as the total titrable iodine rises over 20 


titrable iodine both as I 2 and I 3 ion, the following 
equation was employed : 

R= A ^ (Eq. 8 ) 

1 4- B 

which was used in an earlier study for determining 
the relative cysticidal efficiency of 0C1~ ion to that 
of HOCl (2). R represents the total cysticidal 
residual iodine in p. p. m,; A is the p. p. m. of 
residual iodine as I 2 alone required to do the same 
killing; B is the ratio of the cysticidal efficiency of 
Ij ion to that of !•; Ki is the equilibrium constant 
of the formation of IJ ion; and I~ is the molar con- 
centration of added iodide. With this equation, 
the values of B at a wide range of temperature have 
been calculated and are presented in Table III. 


Table III. — Values of B at Temperatures fro,m 
0 TO 48°“ 


Temp , 


Temp , 

Value of B 

OQ 

Value of B 

®C 

0 

0 077 

27 

0 127 

3 

0 083 

30 

0.132 

6 

0 088 

33 

0.138 

9 

0 094 

36 

0 144 

12 

0 099 

39 

0 149 

15 

0 105 

42 

0.154 

18 

0.110 

45 

0.160 

21 

0.116 

48 

0 166 

24 

0 121 




« At temperatures over 18°. the cysticidal eiricicncy of 
heat Itself is so high that it rapidly kills the cysts. 


Table II. — Cysticidal Efficiency of HOI Relative to That of h 


Temp , 

Cysticidal 
Iodine Resid- 
ual. ppm. 

Computed Titrable 
Iodine in p p m at 
pH 8 0 as 

Computed 
Cysticidal 
Residual as 1; 

Cysticidal 
Residual 
Equivalent in 

Cysticidal 
EfTicjcncy of 
HOI Relative 

®C 

at pH S 0 

I: 

HOI 

Alone, p p ra p 

p m for HOI It 

to That of It 

6 

13 1 

10 5 

2 6 

11 3 

3 3 1 

0.3 

25 

6 6 

3 9 

2 7 

5 2 

2 11 

0.5 
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With the values of B provided, the cysticidal re- 
sidual iodine at any temperature between 0 and 48° 
in a given time with a preparation of elemental io- 
dine having a known Ij;!” molar ratio can be con- 
veniently computed with Eq. 8. 

lodate Ion. — It has been well known that iodate is 
nonbacterieidal. In a limited number of experi- 
ments, it was found that a solution of KIOj capable 
of liberating 10,000 p.p.m. of titrable iodine in the 
presence of an acid and iodide e.xhibited no cysticidal 
effect at 25° and pH 7.0 even after four hours of 
contact (author’s unpublished data). 

lodophors. — lodophors is a name applied to those 
titrable iodide compounds that are prepared by 
dissolving I2 in nonionic detergents. An acid, 
usually phosphoric, is added to the preparation to 
increase its stability and improves its germicidal 
efficiency. The elemental iodine is supposedlj' 
loosely bound to the detergent, thus becoming more 
soluble in water and less volatile, corrosive, and toxic. 
Very little information is available on the relative 
germicidal efficienc3’ of these compounds to that of 
I2. From the extremeh’ limited amount of data ob- 
tained with a preparation containing I« in poly- 
ethj'lene oxide and urea (17), it appears that the 
c3’sticidal efficienc3' of this compound is comparable 
to that of solutions of elemental iodine in which a 
greater portion of the I2 is converted into Ij. 


VIRICIDAL EFFICIENCIES OF VARIOUS 
SPECIES OF TITRABLE IODINE^ 


When these data are compared to those obtained 
for solutions of the iodine tablets used on the Lan- 
sing strain of polio virus in a previous stud3’ (3), it is 
noticed that the earlier data were more irregular and 
that there is some discrepanc3' in the respective 
viricidal efficienc3’ findings. This, however, could be 
readih' explained b5' the fact that the earlier data 
were obtained witli crude mouse brain suspensions 
used in relative^' large amounts in the test water. 

The data on the effect of temperature on destruc- 
tion of the virus b3- I2 are incomplete but indicate 
that the value of Q,(, ma3- very well be greater than 
2.0, which appears to be true also in destruction of 
the Coxsackie A2 virus 63- free chlorine (6). 

H3q)oiodous Acid. — ^Results on the viricidal effi- 
ciency’ of HOI were irregular in earl5’ experiments. 
As more and more data are being compiled, it ap- 
pears that HOI is more viricidal than l2, based on 
the fact that the contact times required for a com- 
parable rate of destruction were shorter with solu- 
tions of elemental iodine and iodide at an 12:1“ 
molar ratio of 1 ;2 at pH 8.5 (maintained with a bor- 
ate buffer) than at pH 0.0. 

Tiiiodide Ion. — Repeated experiments made at 
25° with solutions of elemental iodine and iodide 
at ver3' high molar ratios of iodide to I- showed 
that the IJ ion is nonviricidal at concentrations as 
high as 25 p. p. m. of titrable iodine. 

lodate Ion. — In tests made at 25° and pH 7.0 
with solutions of KIOj containing as mucli iodate as 
being capable of liberating 14,500 p. p. m. of titrable 
iodine in the presence of an acid and iodide, no dem- 
onstrable viricidal effect was observed. 


In a ver3’ recent stud3' (18) of the viricidal effi- 
ciencies of compounds containing chlormelamine 
and chlormelamine-iodide combination, it was found 
that of the viruses in the enteric group, the Cox- 
sackie virus (both types A and B) is definitel3’ more 
resistant to these compounds than either the polio 
virus or Echo virus. Hence, in another stud3' of the 
viricidal efficiencies of various species of titrable 
iodine, the Coxsackie virus (t3’pe BI) was employ-ed. 
.5s in the preceding studs' (18), the production and 
the determination of survival of the virus were made 
in monkes’ kidnes’ tissue cultures, and the concen- 
tration of virus was estimated bs' the most probable 
number method (19). While the current studS’ is still 
underway’, the data gathered thus far have been 
anah’zed, and the results obtained are summarized 
here. 

Elemental Iodine. — From the destruction-rate 
curves constructed for various concentrations of 
residual iodine — computed to contain 90-97% 
I- and 3-10% I, at equilibrium — the contact 
times required for a 99.999% destruction of the 
virus at 25° yvere e.xtrapolated and plotted against 
their respective I2 residuals on a log-log scale. Fig. 5. 
Since there yvas a linear relationship between these 2 
variables. Equation 6 yvas applied for computing the 
values of « and k, yvhich came out as 0.9G and 58.5, 
respective^'. The fact that the y’alue of ti is almost 
1.0 indicates that the viricidal residual I2 and con- 
tact time are inversely- proportional to each other. 


y The yincidnl data presented tn this paper were obtained 
a" tlw'centCT '’i' viroloEist. 



'■y ' y < 5 I r I s 10 15 10 10 .0 50 

Tint l» miotts fOI 11.5515 otlliottiot OF ritoi 

Fig. 5.— Residual I2 concentration-time relation- 
ship in destruction of Coxsackie Bl virus in yvater at 
25° b3’ elemental iodine. 


COMPARISON OF THE VIRICIDAL AND 
CYSTICIDAL EFFICIENCIES OF VARIOUS 
SPECIES OF TITRABLE IODINE 


Elemental Iodine. — It is of importance that yvhile 
tlie value of k for the virus destruction by I2 at 25° 
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IS \ er> close to that for the cj st destruction (58 5 
IS 60 0 ), the ^ alue of n for the former is about Vs of 
that for the latter (0 96 is 1 4) Since the negative 
cultures m c\ st sur\ ival determinatu ns have been 
computed to indicate a 99 998% destruction of 
cests, the cesticidal and \ incidal rc->ults are com- 
parable These \alues of n and k therefore, indi 
cate that the increase in residual 1 - facilitates a 
greater cut in cjsticidal than in i iricidal contact 
time For a given residual I- the viricidal contact 
time in the range not over forte minutes is longer 
than the cj sticidal contact time and also for a given 
contact time the viricidal residual Ij is greater than 
the c\ sticidal residual On the other hand, the 
increase in v iricidal residu il h becomes more 
and more marked over thi increase m cjsticidal 
residual as the contact time is reduced toward the 
one minute period For instance, when Fig 5 
IS compared with the 25 curve in Fig 3, it is 
noticed that the corresponding viricidal and cvsti 
cidal I 2 residuals are 6 3 and 3 7, 13 6 , and 6 0, and 
34 0 and 12 5 p p m for the contact times of ten, 
five, and two minutes, respcctivelj 

Since the value of Qio for cj'st destruction by !•> 
IS 1 6 and that for the virus destruction, greater than 
2 0 , it becomes apparent that as the temperature is 
increased above 25° the viricidal efficiencj of I 2 
increases more and more markedlj than the cjsti 
cidal efficiencj' \ssuraing that the Qio value for the 
virus destruction i-. 2 5, then the viricidal residual I 2 
for a ten minute contact at 35° would be 2 5 p p ni 
and that for cj st destruction, 2 2 p p m The con 
tact time for the v irus destruction bj 5 0 p p in 
residual !« at ° w ould be fiv e minutes as against 
four minutes f r the cj st destruction 
Hypoiodous Acid, — The higher viricidal but lower 
cjsticidal elT eieiicj of HOI than I 2 indicates that 
the rise in pH of the iodine treated water over 
the 6 0-7 I range w idens the margin of safetj in 

V irus de<- ruction but narrows it m cj st destruction 
Hence, o provide an adequate treatment of the 
water, the dosage of iodine should be geared at the 
evst destruction and include the amount to com 
pensate for the loss of I', to the formation of HOI 
Furthermore, being so unstable the HOI cannot be 
relied on for germicidal activ itj in long contact times 

Truodide Ion — The fact that the I 3 ion at 25° 
IS bout Vs as cjsticidal as I 2 but has no apparent 

V iricidal activ itj creates some problem in computing 
n adequate residual iodine to be maintained in a 

I--I 3 svstem Since the virus is the more resistant of 
the two organisms, at least at normal and low tem 
peratures of natural w aters, the v iricidal data should 
be used as the basis for computation to give a wider 
margin of safetv in the disinfection process The 
zero value of B in Equation 8 , therefore, reduces 
this equation to 

7? = A [1 -I- (Eq 9) 

when It IS cmploved for computing the viricidal 
residual iodine m E-I " sv stems 

lodate Ion — The lack of demonstrable v iricidal 
and cv sticidal effects of lodate ion at high coiiccn 
trations suffices to consider it nongermicidal and 
indicates a lack of germicidal activ itj of decomposi 
tion products of HOI at high pH values 


DISCUSSION 

An efficient use of halogens and active halogen 
compounds as water disinfectants demands a clear 
understanding of their chemical reactions in weak 
water solutions and the relative germicidal efficiencj 
of each species of active members that niaj be 
formed in the solution In the preceding parts the 
chemistry of the formation of various species of 
titrable iodine m water and the cjsticidal and viri 
cidal efficiencies of each species formed have been 
described 

Since natural fresh waters rarely contain iodide, 
It is felt that given the pH, temperature, and titrable 
iodine demand of the water, and the iodide content 
in the preparation of elemental iodine, it should be 
relatively simple with the information previouslj 
presented to eompute the dosage of the iodine prepa 
ration needed to treat the water adequately for 
drinking purposes 

If, as appears essential, the pH of the treated 
water is maintained at levels not over 8 0 , onlj the 
I2, HOI, and Ij ion need to be considered in the 
computation Since computation involving all of 
these three species of titrable iodine is too coiiipli 
cated for practical use, and since the amount of 
HOI formed is relatively insignificant under con 
ditions where a significant amount of Ij ion is 
formed, and vice versa, it is calculated that an ad- 
ditional 10-15% allowance in titrable iodine 111 
computing the adequate residual iodine 111 h HOI 
or I 2 Ij sj’stems should take care of practicallj all 
of the more complex conditions 

Since infectious hepatitis has become rcccntlj 
more and more significant as a water borne disease. 
It appears that basing the computation of the ade 
quate dosage of iodine preparations on the virus 
destruction not only provides a wider margin of 
safety for w aters of normal temperatures but also is a 
necessity in areas where this disease occurs 111 
significant numbers However, when the water 
temperature is unusually high, say approaching 
40°, as maj' be encountered in the tropics, a shglitlj 
wider margin of safetj is provided when the com- 
putation IS based on cyst destruction for lodiiic 
preparations containing low (not over 12) I- 1“ 
molar ratios When iodine preparations containing 
high iodide contents are used for water disinfection, 
the computation should be based on virus destriic 
tion at all temperatures However, it should be 
noted that the palatabihtj of the treated water must 
be taken into consideration in the computation 
In treated waters containing more than 10 p p m 
of residual titrable iodine, odor and taste become 
more of a problem Advantage should be taken 
of the contact time to keep the residual titrable 
iodine under 10 p p m At pH above the 0 0-7 0 
range, the better vineidal efficiency of HOI thin I- 
should be ignored 

The recommended dosage (3) of 1 iodine tablet 
(containing 8 5 mg of titrable iodine) per qt for 
ten minutes at water temperatures prevailing m 
the warm months 111 the temperate zone and with 
iodine demand not over 4 0 p p 111 , or two tablets 
per qt for ten minutes at temperatures near 0-5 
or at former teinpcr.itures but with iodine dein iiid 
over 40 p p m , appears to be insuffieient for 
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adequate virus destruction. On the basis of the 
present information on destruction of the Cox- 
sackie virus, it seems that with either of these appli- 
cations the contact time should be increased to 
fifteen minutes for the higher, and twenty minutes 
for the lower temperatures. 
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Sensitivity to Vaginal Jellies* 

Correlation Between Clinical Tests and Animal Tests 


By JOHN H. HOLZAEPFEL, JOHN S. WARNER, JAY A. BUXTON, and 

JULIET A. HOWARD 

A rabbit vaginal-irritation test described jn this article is recommended as a re- 
liable procedure for the evaluation of vaginal jellies and creams. The importance 
in a drug evaluation test of procedure, type of tissue involved, and method of inter- 
preting the results are discussed. 


Tn the development of improved contracep- 
live vaginal jellies, reliable tests for the irri- 
tative properties of experimental formulations 
are required. During the course of our develop- 
ment program, clearance from irritative effects 
was obtained for an experimental jelly (referred 
to here as Jelly III) by a Draize (1) rabbit-eye 
test and a rabbit vagina test involving gross ex- 
amination of the genitalia and microscopic exam- 
ination of cross-sections of the vagina. Subse- 
quent clinical field trials revealed that the jelly 
produced a pronounced irritation which pre- 
cluded its marketability. Since the previously 
applied laboratory' animal tests were apparently 
inadequate, a program was initiated to develop a 
dependable animal mucosal-irritation test which 
could serv’e as a preliminary' screening method to 
help avoid the clinical testing of any irritating 
vaginal preparations. 

♦Rccciicd September 23, 1957, from the Depirtmcnt of 
Obstetrics and GjnccoUigy, Ohio Stiite XJuwcr'uty CoUcrc 
of Mctlicinc, and Ballelle Metnonal Institute, CoUimbiis 
Tins siiulj was sjionsorcd b> the Rcscirch Department, 
Hollaml UtuIos CoinpTn>, Inc . New York 13, N Y 
7 he microscopic examinations iiwoKcil m the tissue cross 
section study and in the saginal smear tests were made by 
M A Dims. Diiidson Laboratories, Columbus, Ohio 


The approach to the problem involved the 
design of an animal test which would simulate as 
closely as possible the experimental procedure 
and conditions of the clinical vaginal-irritation 
test. The cytological method which we used in 
connection with the clinical procedure could also 
be included in the animal test. 

EXPERIMENTAL DESIGN 

Rabbits were used as the test animals because 
they are easy to handle and because their epithelial 
tissues, in general, are particularly sensitive to 
irritants In order to have a fundamental knowl- 
edge of the rabbit vaginal tract, anatomic and micro- 
scopic studies were earned out. It was noted that 
the urinary bladder empties into the vagina via the 
urethral opening 2 to 3 cm. inside the introitus 
The lower vagina, below tbc uretbral opening, is 
somewhat wider and contains many more folds than 
tha upper vagina. 

Histological studies made on tissue cross-sections 
showed that the lining of the low'cr vagina consists 
of low cuboidal basal cells and irregular squaraous- 
type surface cells common to the urinary system. 
The lining of the upper vagina consists of low 
cuboidal basal cells and columnar surface cells com- 
mon to tbc uterus It was noted that the epithelial 
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lining IS onl} 3 to C cells deep throughout the entire 
\aginal tract This tissue should, therefore, be 
particularh sensitiie, am irritant she uld cause an 
immediate reaction because of the close pro\imity 
of the irritant to the underlj mg c ipillaries, the 
source of inflammator} exudate 

The rabbit test i\ as first carried out m aceordanee 
iMth the clinical schedule, and a special effort iias 
made to instill the jelh high in the upper vagina 
abo\e the urethral opening to preient it from 
being flushed out during urinati m The results of 
these first tests Mere \eri inc( nsistent and unreli- 
able It \i as found that probing the upper vagina of 
the rabbit triggered urination m many cases There 
appeared to be enough back pressure during urina- 
tion to flush out the entire upper vagina as uell as 
the loM er \ agina 

Subsequent rabbit tests v ere earned out bj apply- 
ing the jelly to the loner vagina It was found 
that this treatment did not trigger urination The 
applications of douche and jellj', the gross observa- 
tions, and the vaginal smears eould be made much 
more easilj and nith less meehanical irritation 
An additional advantage is the fact that the sur- 
face cells of the loner portion of the rabbit vagina 
are of the same t\ pe as those of the human vagina 
The objections stated bj Carleton and Florey (2) 
to the use of rabbits m a \ agmal irritation test are all 
avoided bj trcati ig onlj the loner vagina This 
modified procedure gav e much more reliable results 
Reaction to irrit ting jellies often appeared nithm 
tncntv four hours Three dailj applications, nith 
the final obsti ations being made on the fourth 
daj, nere fo nd to constitute a very acceptable 
schedule 

^ aginal ars, made before the first application 
and one d i folloning the last application, were 
compared iicroscopicallj to determine the degree 
of irntat i indicated bj the increase m cellular ma- 
terial lie results nere inconsistent and did not 
correlai nell nith the results from the gross ob- 
servat iis These shortcomings m the cj tological 
technique can be attributed to both the difficulty 
in obtaining a valid quantitative smear and the in- 
liertntlv poor quantitative correlation betneen high 
Ici or irritation and available cellular material 
Tl vaginal smear nas, therefore, eliminated as a 
p n of the rabbit vaginal irritation test 

METHODS 

Clmical Test. — Tour patients were used for each 
jellv tested The patients n ere instructed to take a 
vinegar douche ('/j cup of white vinegar m 2 quarts 
of water) followed bj the application of the jelly 
with a vaginal applicator, nightlj for six nights 
Pelvic examinations to determine gross irritation 
and vaginal smears to determine cvtological re- 
sponse nere made before the first application and 
one or tn o dav s follow mg the last application 

Rabbit Test. — Six rabbits, neighing 4 to G pounds 
each, nere used for each jcllj tested During the 
fen minutes required for observ ation and treatment, 
the animals nere strapped to a board with their 
hind legs spread apart and then turned ov er on their 
backs Gross observations nere made bv direct 
V isual examination of the external genitalia and by 
intrav agmal examination aided bj an otoscope and 
speculum Onlv rabbits that were completelv free 


of all sjmptoms of vaginal irritation and sickness 
nere used for the test A vinegar douche (5 to 
10 cc ) and then the jellj (1 0 cc ) nere applied 1 to 
2 cm inside the loner v’agina daily for three dajs 
The applications n ere made n ith 3 cm blunt 
tipped soft rubber catheters which were att.iclicd 
to a rubber bulb for the douehe and to a 10 cc 
svnnge for the jelly application An effort nas 
made to fill all of the many folds n ith jellj as gciith 
as possible 

Gross examinations nere made one dav follow 
mg each application Irritation nas classified as 
erj'tlicma, exudate, or edema Each of these t> pcs 
of irritation nas graded as a 1, 2, or 3 degree lev cl, 
depending upon its severity Erythema nas 
considered the mildest type of irritation Eaeh de- 
gree of erythema (designated as E) nas given an 
irritation count of 1, i e , Ei = 1, Ej = 2, Ej = 3 
El was characterized by a slight redness of the mu- 
cosa, E» nas characterized by redness aecompamed 
bj’ oecassional distinct blood vessels, and Ei nas 
charaeterized by a deep redness aceompanicd by 
numerous engorged blood vessels The presence of 
an exudate, composed of pus and/or sloughed tissue, 
was considered more severe than erythema but less 
severe than edema Each degree of exudate (desig 
nated as X) nas given an irritation count of 2, 
1 c , Xi = 2, As = 4, As = 6 Ai was character- 
ized by a few small globules of pus, As nas charac- 
terized by large globules of pus, and A'j nas char- 
acterized by large amounts of pus and/or sloughed 
tissue exuding from the vulva Edema nas con 
sidercd the most severe type of irritation Each 
degree of edema (designated as ED) nas given an 
irritation count of 3, i e, EDi = 3, EDs = 0, 
EDi — 9 EDi "as characterized by a slight swell- 
ing of the vulva, EDs was characterized by a swell 
mg of the vulva to nearly twice its normal size, 
and ED, was characterized by a sn elhng of the v ulv a 
to sev'eral times its normal size The various irrifa 
tion counts for the three days nere totaled for each 
rabbit (For example, a rabbit showing Ei on the 
first day', E-, Az, and EDi on the second da}’, and 
Ej, Xs and ED: on the third day n ould be given irri- 
tation counts of 1, 9, and 15 for each of the three 
days, respcctiv ely , making a total of 25 

The rabbits were allowed to recuperate for at 
least 10 day s before being used for the test again 

Three experimental vaginal jellies nere tested 
clinically and by the rabbit test Jelly I was pre- 
pared as a blank. Jelly’ II contained 0 10% of an 
ingredient of unknown irritancy’, and Jelly III 
contained 0 25% of that ingredient 

In the ehnical test. Jelly’ I caused no detectable 
irritation, the patients reported no undue effects, 
pelvic examinations revealed no alteration in the 
v’aginal mucous membrane, and the vaginal sine irs 
revealed no change in the cy tological picture 
Jelly If caused moderate irritation, the patients com 
plained of some soreness of the labi i, pelvic cxamina 
tions revealed cry tlienia of the vaginal mucosa, and 
the vaginal smears revealed an increase in piinilent 
exudate and basal cells Jelly III caused severe 
irritation, the patients complained of considerable 
pain after only a fen applications, pelvic cvamin i- 
tions rev ealed cry tliema, excessiv c vaginal dis- 
charge, and swelling of the labia, and the vagnid 
smears revealed an increase m purulent exudate and 
basal cells 
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The experimental jellies -were tested twice by the 
rabbit test. The order of irritation, as determined 
by gross observations (see Table 1), was the same as 
that found by the elinical tests; i. e., I was less 
irritating than II, and II was less irritating than 111. 
Also, tlie results from the two series of rabbit tests 
wore found to agree tvith caeh other very satisfac- 
torily. Five proprietary vaginal jellies and two 
proprietary vaginal creams were also tested by the 
rabbit test to determine what average irritation 
count would permit a product to be considered ac- 
eeptable. The results (see Table 1) indicate that 5 
should be considered a maximum permissible aver- 
age irritation count. This agrees with the results 
from the clinical testing of the e-vperimental jellies 
in which I, having average irritation counts of 1 and 
3 in the rabbit test was acceptable and II, having 
average irritation counts of 8 in the rabbit test, was 
not acceptable. It should be kept in mind, of course, 
that the rabbit vaginal-irritation test is intended as a 
preliminary screening method and not as a substitute 
for clinical testing. 


incomplete understanding of the essentials of the 
test. 

The selection of an appropriate test procedure 
depends on the use proposed for the drug being 
evaluated. The most significant results can be ex- 
pected by the selection of a test that involves the 
same type of tissue as that to which the drug is to be 
applied in humans. Occasionally, because of con- 
venience or because of the familiarity with certain 
testing facilities, a drug is evaluated by a test in- 
volving some other type of tissue. In these in- 
stances, the method of interpreting the results is 
particularly important. A striking example is af- 
forded by the clearance that was obtained for tbe 
experimental Jelly III by the rabbit-eye test (this 
test has not been specifically recommended by Draize 
for evaluating vaginal preparations but has been 
adopted for this purpose by several testing labora- 
tories). Although Jelly III caused moderate ery- 
thema w'hich persisted for two days, the degree of 
irritation was considered insignificant because the 
eye returned to normal in three or four days. Subse- 


Table I. — Data prom Rabbit Vaginab-Irritation Test 





Total Irritation Counts per Rabbit” 



Vaginal 

Test 

„ 


— Rabbit Number 

— I. 



Preparation 

Series 

I 

2 

3 

4 

5 

G 

Average 

Experimental Jelly I 

1 

0 

0 

0 

6 

0 

0 

1 


2 

8 

0 

4 

2 

0 

3 

3 

Experimental Jelly 11 

1 

14 

5 

9 

4 

2 

12 

8 


2 

3 

17 

3 

11 

9 

2 

8 

Experimental jellj’- III 

1 

29 

20 

19 

11 

16 

12 

18 


2 

10 

25 

19 

7 

12 

17 

16 

Proprietary Jelly A 

1 

0 

0 

1 

0 

0 

0 

0 


2 

0 

3 

0 

2 

0 

0 

1 

Proprietary Jelly B 

1 

1 

2 

0 

0 

0 

0 

1 


2 

0 

4 

0 

0 

1 

2 

1 

ProprictaiT Jelly C 

1 

2 

1 

3 

3 

1 

0 

2 


2 

1 

0 

0 

3 

0 

0 

1 

Proprietarj' Jelly D 

1 

0 

9 

0 

0 

0 

5 

2 

Proprietary Jelly E 

1 

2 

2 

0 

2 

1 

2 

2 

Proprietarj’ Cream A 

1 

1 

0 

0 

0 

1 

4 

1 


2 

0 

2 

2 

2 

0 

0 

1 

Proprietarj' Cream B 

1 

3 

5 

3 

0 

5 

13 

5 


2 

4 

3 

5 

1 

8 

8 

5 


3 

13 

7 

4 

5 

0 

0 

5 


ins each of tire three tSaily applications of Icily. The counts i 
each rabbit. The highest total irritation count possible is 51. 


lays fotlow- 
r totaled for 


DISCUSSION 

Animal irritation tests involving the skin, eye, 
penis, or vagina have been used for drug evaluation 
.studies for many 3’ears. The rabbit is commonly 
used .as the lest animal because it is easy to handle 
and because its cpithclia and mucosa arc partic- 
tilarly thin and susceptible to irritants. 

The details of procedure in the rabbit vaginal- 
irritation test described above were found bj' trial 
and error to be particularly important. The appli- 
cation of the jelly to the upper vagina instead of to 
the folds of the lower vagina made the difference be- 
tween an unrcUablc test and a reliable test. The 
misleading information initially obtained fiom a 
rabbit vagina lest involving gross examination and 
tissue cross-sectioning probably resulted from an 


quent clinical trials showed that such an interpreta- 
tion was not justified for a vaginal jelly. The use- 
fulness or reliability of the Draize eye test is not 
disputed in the least. The experience described 
above emphasizes the importance of establishing a 
valid basis for interpreting test results. Such a 
basis in our rabbit vaginal-irritation test was estab- 
lished by correlating animal test results with clinical 
test results. 

Additional tests are in progress to study the effects 
of composition on the irritancy of vaginal prepara- 
tions. 




(1) Draize, J. H., Woodard, G., and Calvcrv W n 

/. P/iarmocoi. and 82, 377(1044). * 

(2) Carleton, H. M.. and Florey. H.. J. Obsiel. and Gvnnrmi 

Brtt. Empire, 38, 555(1031). ^y»aecol. 




A Kinetic Study of Acid-Catalyzed Racemization 

of Epinephrine* 

By LOUIS C. SCHROETER and TAKERU HIGUCHI 

Racemization of epinephrine follows the first order law with respect to the substrate 
and appears to be catalyzed by hydrogen ion, the rate increasing very nearly directly 
with the free ion concentration. The heat of activation of the reaction and the spe- 
cific rates at several temperatures have been determined. The results suggest that 
the racemization reaction may prove to be an important route for loss of biological 
activity of epinephrine solutions at pH values much below pH of 4. 


T OSS OF BIOLOGICAL ACTT\ iTY of aqueous solu- 
tions of /-epinephrint may occur by either 
oxidative degradation or through changes in the 
steric relationship of the abymmetric carbon atom, 
i. e., racemization. The reactions are essentially 
independent of one another but occur to varying 
degrees depending on the solution. The purpose 
of this work is to present the results from the 
investigation of the racemization reaction from 
a chemical kinetic approach. 

Although the racemization reaction of epineph- 
rine has been the subject of a number of investi- 
gations (1-4), marly all of these studies have been 
designed to sh w the stability of epinephrine 
under certain onditions and, for the most part, 
were not concerned with the kinetics of the proc- 
ess or predii tons based upon such knowledge. 
Kisbye (5 hj has investigated the rate of race- 
mization t higher temperatures and has con- 
cluded t' t the racemization is a monomolecular 
process This and our study at low pH values 
indica* that an entirely^ different mechanism 
was responsible for racemization in acid solu- 
tions 

The acid catalysis of epinephrine racemization 
is ot such a type to suggest a Snl reaction in 
w ' ich water does not stoichiometrically enter 
into the reaction. This W'ould seem to indicate 
that the carbonium ion never becomes completely 
free from the influence of the leaving w'ater 
molecule. A shielding effect occurs so that the 
incoming water molecule enters from the oppo- 
site side to give a Walden inversion effect: (See 
mechanism of reaction, page 427.) 

Bunton, et al. (7), have postulated a similar 
activated complex for optically active secondarv 
butyl alcohol in perchloric acid solutions. They 
found the rate of racemization followed Ham- 
mett’s acidity function, Ho (S), and that the 
rate of racemization was always twice the rate of 


•Recei\ed August 19o7 from School of Pharmaej', Uni- 
versity of Wisconsin, Madison 

This study was supported in part by a contract with the 
Armed SerAnce Medical Procureneral Agency', Brooklyn, 
Xew Vork and by a grant from Parke, DaMs and Co, 
Detroit, Mich. 


o.xygen exchange. The oxygen exchange was 
followed by using O'* enriched sec. butyl alcohol 
and H;0'*. The logarithms of the rates of many 
acid catalyzed reactions have been tabulated 
and found to conform to log ^ = — Lfo -f- con- 
stant (9). The log of the rate constant for 
epinephrine racemization has been found to fit 
this equation. The mechanism may be essen- 
tially 

ki kj 

1 — £p -f ’ Activated Complex ^ * 

kz ki 

m Jr i-E^ 

where water does not stoichiometrically enter 
into the equation. 

Polarimetric determination of the rate con- 
stant involves the measurement of change in 
optical activity of the /-epinephrine solution with 
respect to time. The physical measurements 
show' the epinephrine solution changing with 
time from levorotatory' ultimately to zero optical 
activity w'hen equilibrium is established. Con- 
sidering only the physical measurements in- 
volved and the equation 

k, 

1 — £p ( ' d — Ep, where kc = ki 

ki 

the follow'ing equation may be derived: 

a = aoC~‘'’‘; 

where a is the rotation at any time t and ao is the 
initial rotation, the value 2k corresponds to the 
experimentally determined rate constant. This 
equation will describe the optical activity of a 
/-epinephrine solution at any given time under 
isothermal, isohydric conditions. 

EXPERIMENTAL 

Reagents. — Synthetic /OTo-epinephrine (P-irkc, 
Davis & Companj'), reagent grade percldoric acid, 
reagent grade hydrochloric acid, reagent grade so- 
dium bisulfite, water redistilled from all-glass 
apparatus. 
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OH2 
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Apparatus.— Zeiss Winkle Polarimeter, con- 
stant temperature bath fitted with centrifugal 
pump and valves, Beckman Model G pH meter with 
a thermostat ed cell. 

PROCEDURE 

Acid Effect and Measurement of pH. — Solutions 
of epinephrine were prepared by dissolving chemi- 
cally assayed (10) /-epinephrine in standard solutions 
of perchloric or hydrochloric acid. Perchloric acid 
was employed because of its single ionization con- 
stant and nonvolatility at the e.\perimental temper- 
atures; it was compared with hydrochloric acid at 
lower temperatures to test the effect of the anion on 
the racemization and was found to give the same 
rate of racemization. 

Determination of pH of epinephrine in perchloric 
acid solution was performed at 25° ± 1° on all 
solutions using the Beckman Model G pH meter 
calibrated against standard buffers every 0.5 pH 
unit over the range employed. The pH temperature 
coefficient of the perchloric acid solutions as deter- 
mined with the glass-saturated calomel electrode 
system was found to introduce a small inherent 
error in this assumption; hmvcver, this procedure 
was found to give more reproducible results than 
that of making the determinations at the higher 
temperature of the experiment. 

Polarimefric Determinations. — Measurements 
were made at 5S9.3 ni/i (sodium D line) with the Zeiss 
Polarimeter fitted with filters and jacketed cells. 
Temperature was controlled by pumping water 
from an insulatea thermostat with a temperature 
control of ±0,05° through the jacketed polarimeter 


cells. Flow of thermostated water through the 
cells was controlled by valves to limit the initial 
temperature time lag between cell and thermostat 
to two minutes and to maintain the cell at the de- 
sired temperature within ±0.05°. Three jacketed 
cells of various lengths and of different glass com- 
position were emploj'ed in the study. The use of 
different cells served to control vessel effects. The 
use of the different cells in three determinations of a 
standard epinephrine solution gave the same rate 
constant. 

The rate of racemization of the thermostated /- 
epinephrine solutions was determined by measur- 
ing the change in rotation with respect to 
time. Typical semi-log plots of optical rotation. 
a, against time in minutes are shown in Figs. 1, 2, 
3, and 4. All of the rotations are corrected to a 
2.200-dm. polarimeter tube and represent 0.05 
molar epinephrine. The molar rotation, 
may be calculated from any plot by using the 
expression : 

/!/ falx’’ = a 1000/(2.200 dm. X 0.05 Molar) 

Effect of Epinephrine Concentration and Bisul- 
fite Concentration. — Effects of the racemization due 
to oxj'gen were minimized by using 0.1% sodium 
bisulfite in several solutions and determining the 
rate of racemization. The addition of the bisulfite 
did not significantly change the rate of any of the 
solutions under the experimental conditions of 
hydrogen ion concentration and temperature. 

The effect of the concentration of epinephrine 
on the rate of racemination was tested in several 
determinations bj' emploj’ing 0.05, 0.10, 0.20, and 
0.30 molar solutions of epinephrine. In this range 
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Fig 1 — Sejjii og plot of rotation in degrees 
against time in -qmutes Rotations corrected to 
2,20-dm tube 





Fig. 2 — Serai-log plot 
against time in minutes. 
2.20-dm. tube. 


of rotation in degrees 
Rotations corrected to 


Fig. 4. — Semi-log plot 
against time in minutes. 
2,20-din. tube. 


of rotation in degrees 
Rotations corrected to 
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of concentration tiie rate appears to be independent 
of concentration. 

RESULTS AND DISCUSSION 

The rate of racemization of 0.05 and 0.10 molar 
epinepbrine in perchloric acid and in hydrochloric 
acid solutions was determined at 43.4°, 58.8°, 
69 4°, and 73.0°. Sodium bisulfite in 0.1% con- 
centration was employed in a number of the solu- 
tions to test the effect of e.cclusion of oxygen and 
also to test the effect of the salt. Figure 5 shows 
the collected results of some of these determinations 
in which the logarithm of the rate in reciprocal min- 
utes has been plotted against the pH determined 
at 25°. The isotherms are essentially parallel and 
have a negative slope; the value of the rate constant 
in minutes decreases approximately 6.2 X 10~® 
per pH unit increase over the range studied. 

Judicious extrapolation of the rate constant to 
somewhat higher pH values offers a means of pre- 
diction of isomer concentration in regions where 
measurements of the rate change are very difficult 
due to slowness of the racemization process or where 
colored degradation products interfere. From the 
experimental data the following equation was de- 
rived; 

log Ki = log iCj — 11.21 (pH( 2 ) — pH(i))l 



Fig. 5. — Logarithmic plots of isothermal rate 
constants in reciprocal minutes against pH deter- 
mined at 25°. Perchloric and hydrochloric acid 
solutions of epinephrine employed for 43.4° iso- 
therm; perchloric acid employed exclusively in all 
others. The average slope of the lines is approxi- 
mately — 1.20S. 


where Kt is the experimentally determined rate 
constant at pH,,) and pHj is greater than pHi. 
From the equation it is possible to predict the rate 
constant at other isothermal pH values with rea- 
sonable accuracy. Determination of several iso- 
thermal rate constants will give better results inas- 
much as an average value for the rate can be deter- 
mined and the log of the slope value, - 1.21, can be 
adjusted to better fit the curve. 

Arrhenius’ plots of 0.05 and 0.10 molar epineph- 
rine solutions are shown in Fig. 6. The average 
value for the heat of activation for the process, 
AHa, as determined from the slopes of the different 
pH values is 23.19 Heal mole"'; the standard devi- 
ation of this value for the six determinations is ±0.16 
Kcal molc“h Plotting the log of the frequency 
factor, 5, from the Arrhenius relationship, log k = 
log A — AHa/2.303 RT, against pH gives Fig. 7. 
Figure 7 may be used to determine the frequency 
factor over a moderate range of high hydrogen ion 
concentration. 

Table I compares the experimentally determined 
half-lives of epinepbrine solutions with the pre- 
dicted values. Calculation of the predicted rates 
of racemization was made by utilizing Fig. 7 to ob- 
tain the log of the frequency factor and the value 
23.19 Kcal mole"’ for the heat of activation for the 
process. The same information was utilized to pre- 
pare Table II in which the predicted rates and times 
of maintenance of 95 and 90% levels of optical 
activity are tabulated. Predicted racemization 
rates above pH 4.0 should be regarded cautiously 
since this approaches the limit of reliability for the 
extrapolated value. 
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Table I — Experimental Half-Li\ es or Epi- 
nephrine AT Low pH Compared m ith Predicted 
A’alues 


Temperature °C 

pH 

Half T ife m 
By Experiment 

Minutes 

Predicted® 

43 4 

0 

77 

2 75 X 10“ 

2 75 X 

10= 


1 

27 

9 6S X 10“ 

9 67 X 

10' 

5S S 

0 

66 

4 30 X 10= 

3 79 X 

10= 


1 

30 

2 67 X 10= 

2 12 X 

10= 

09 4 

0 

51 

7 40 X 10“ 

8 35 X 

10' 


1 

04 

3 41 X 10= 

3 42 X 

10= 

73 0 

0 

54 

0 <16 X 10' 

6 54 X 

10* 


1 

40 

0 90 X 10= 

C 32 X 

10= 


° Predicted from the logarithmic form of the Arrhenius 
equation log k = log 5 — AH j 2 303 RT and the half life 
form for first order equations 


CONCLUSIONS 

1 The racemilzation of epinephrine at low 
pH values is a first order reaction The rate at 
low pH values decreases approximately 6 2 X 
10~- min per pH unit increase The isother- 
mal racemization of epinephrine at different Ion 
pH values may be calculated with reasonable 
accurac}^ using a simple equation 

2. The average heat of activation for the proc- 
ess determined from Arrhenius’ plots is 23 19 
Kcal mole^h This may be used in conjunction 
writh a plot of the Arrhenius frequency factor 


Table II — Predicted Rates and Times of Maintenance of a Minimum 95 and 90 Per Cent Optical 

Activity 





Time of Minimum 

Time of Minimum 


Predicted Rate 

95% Optical 

90% Optical 


Constant 

Min * 

Activity® 

Activity^ 

pH 2 5, 25° 

2 63 X 

10-= 

1 9 X 10= min (ca 4'/. mo ) 

4 0 X 10= min (ca 9 mo ) 

pH 2 5, 35° 

9 34 X 

10-= 

5 4 X 10' min (ca 1 mo ) 

1 1 X 10= mm (ca 2 mo ) 

pH 3 0. 25° 

6 92 X 

10 -s 

7 3 X 10= mm (ca 17 mo ) 

1 5 X 10= min (ca 35 mo ) 

pH 3 0, 35° 

2 45 X 

10-= 

2 0 X 10= mm (ca 5 mo ) 

4 3 X 10= mm (ca 10 mo ) 

pH 3 5, 25° 

1 91 X 

10-8 

2 6 X 10= mm (ca 60 mo ) 

5 5 X 10= min (ca 120 mo ) 

pH 3 5. 35° 

6 77 X 

10-8 

7 5 X 10= mm (ca 17 mo ) 

1 0 X 10= imn (ca 36 mo ) 


° Calculated fr m the folloning equation = 2 303/Ii log (100/95) 

Calculated fr ra the follow mg equation Isoq, = 2 303/A log (100/90) 



Fig 7 — A plot shotting pH against the log of the 
Arrhenius frequcnct factor, S, tthcre log 5 = 
log K -f AHa/2 303 RT 


against pH to determine the rate constants at 
different temperatures and at various low pH 
values 

3 An equation is described by which the 
degree of racemization at any time may be cal- 
culated if the initial degree of racemization and 
the rate is known 
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A Simplified Method to Determine Adrenergic 
Blocking Activity of Drugs* 

By EUGENE N. GREENBLATT and RICHARD K. THOMSt 

A method for determining adrenergic blocking activity utilizing the responses of 
rabbit isolated thoracic aortic strips to L-epinephnne and L-norepinephrme 
has been investigated. The abilities of PriscoHne, Apresohne, and Benodame to 
block L-epinephrine and L-norepinephrine contractions have been determined. In 
general, the results obtained by this procedure agree with the conclusions reached 
by other investigators concerning the peripheral actions of these drugs. 


F xmcHGorr and Bhadrakom have character- 
ized the responses of spirally cut rabbit tho- 
racic aortic strips to such compounds as L-epi- 
nephrine, L-norepinephrine, acetylcholine, and 
nitrates (1). 

From their results it appeared that this method 
might be adapted to the determination of adren- 
ergic blocking activity by observing the effects 
of drugs to be tested on contractions produced by 
L-epinephrine and L-norepinephrine. However, 
because such compounds often have diverse and 
sometimes antagonistic side actions it was be- 
lieved necessary' to test the method with known 
sympatholytic and adrenolytic drugs. Because 
of their varied potencies and side effects Apreso- 
lineS Priscoline,' and Benodaine- were the drugs 
of choice for this purpose, 

EXPERIMENTAL 

Methods. — Two spirally cut thoracic aortic strips 
excised from the same rabbit were mounted in two 
30-ral. muscle chambers to record simultaneously 
on a slow moving kymograph under the conditions 
recommended by Furchgott and Bhadrakom (1). 
Thus, experiments were carried out on L-epinephrine 
and L-norepinephrine concurrently on tissues taken 
from the same rabbit. 

All of the drugs were dissolved in normal saline. 
The solutions were kept frozen when not in use and 
kept in an ice bath during the experiment. Even 
with these precautions, solutions of L-epinephrine 
and L-norepinephrine had to be prepared weekly. 
The concentrations of the drugs were adjusted so 
that all additions to the muscle chambers were made 
in volumes of 0.2 ml. No temperature effects were 
noted. 

The arterial strips were allowed to attain a state of 
complete relaxation and then tested for their re- 
sponses to ■L-cpincplirine and L-arterenol depend- 
ing on which compound was to be used for the 
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particular preparation. The concentration of L- 
epinephrine or L-norepinephrine which produced a 
marked contraction was the one used as the test dose 
for that strip. 

Throughout the entire investigation these con- 
centrations varied from (Gm./ml. bath) to 
10“® for L-norepinephrine and from 10~® to 10~® for 
L-epinephrine. The concentrations of the drugs re- 
quired to block the contractions remained constant 
in repeated experiments. 

After relaxation from the test dose and washing, 
the drug to be tested for its inhibitory activitj' 
was added to the bath followed immediately by l- 
epinephrine or L-norepinephrine. The reversi- 
bility of the blocking actions was determined by 
adding the test doses of L-epinephrine and L-nor- 
epinephrine to the bath, again, after thorough wash- 
ing. The only exceptions to this general procedure 
occurred with Priscoiine. 

Priscoline. — ^The results of a typical experiment 
with this drug may be seen in Fig. 1. 

It was found that Priscoline itself produced con- 
tractions in the arterial strips in concentrations as 
low as 10"^. However, when Benadryl in a con- 
centration of 6 X lO"*' Was added this effect of 
Priscoline was blocked. It will be noted from Fig. 1 
that the shape of the Priscoline contractions differ 


ru$ccun vusus iKTUzkci. axp t?UTniUi£ 
— » 10-6 
L. 



F'f- Shows a normal arterenol (A) con- 

traction. B. In the presence of Benadryl fBl fi v 
10 ’, and Priscoline (P) lO'' the arterenol contrac 
Gon is partially inhibited. C. In the presence of 
Benadryl 6 X 10 ' arterenol exhibits a normal re- 
sponse. D. Shows a norma] epinephrine (E) con- 
traction. E. In the presence of Benadryl 6 X 10-1 

and Priscoline 10 epinephrine elicited a slight 
reversal, f. In the presence of Benadryl 6 X 1()-’ 
epinephrine exhibits a normal response. G. In the 
presence of a stimulating concentration of Priscoline 
10'“ the epinephrine contraction was not inhibited 
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from those of L-epinephrine and L-norepinephrine 
being slower and more sustained. 

In the presence of Benadrj’l 6 X 10 the test 
doses of L-epinephrine and L-norcpincphrine pro- 
duced normal responses, but wlun Priscoline in 
concentrations as low as 10 was also added no L- 
epinephrinc or L-norepinephrine contractions could 
be elicited. 

Responses to L-epinephrine and L-norepinephrine 
were again obtained after washing out the Prisco- 
line and Benadryl. 

These results appear to agree with the conclusions 
of other investigators which state, that in the rabbit, 
Priscoline is both histaminic and sympatholjdic 
( 2 - 0 ). 

Apresoline. — The result: of a typical experiment 
with this drug may be seen in Figs. 2 and 3. 


rcKSUS aKTKJOcl 



Fig. 2 . — A Shows a normal arterenol (A) con- 
traction. E ,C. In concentrations of 10 through 
10"* Apre' line (Ap) exhibits no effect on the 
arterenol c ■! traction. D. Apresoline 10"* partially 
blocks tl arterenol contraction. E. Apresoline 
10"* bl i ks the arterenol contraction, and after 
washint the arterenol elicits a normal response. 


ifescim rtxxs ^lETam 





Fig. 3. — A. Shows a normal epinephrine (E) re- 
sponse. B., C. In concentrations of 10"* through 
10"* Apresoline (Ap) exhibits no effect on the epi- 
nephrine contraction. D. Apresoline 10 "‘partially 
blocks the epinephrine contraction. E. Apresoline 
10"' elicits a greater inhibition of the epinephrine 
contraction. 


The fact that these eoncentrations appear high 
when compared to those of the other drugs tested 
appears to agree with the results of other investi- 
gators which indicate that -Apresoline has a rather 
low potency with regard to its svmpatholvtic ac- 
tivity (7, 8). ' ■ . 

Benodaine. — The results of a typical experiment 
with this drug may be seen in Figs. 3, 4, and R. 



Fig. 4. — A. Shows a normal arterenol (A) con- 
traction. B., C., and D. Benodaine (B) in concen- 
trations of 10"* through 10"* had no effect on 
arterenol contractions. E. Benodaine 10"* partially 
blocks the arterenol contraction. F. Benodaine 
10"* elicits total block. G. After washing, no fur- 
ther response could be elicited with arterenol. //. 
Priscoline (P) 10"' elicits a direct muscle stimula- 
tion. after apparent irreversible block of the sympa- 
thetic receptor sites with Benodaine. 



Fig. 5. — A. Shows a normal epinephrine (E) 
contraction. B. Benodaine (B) 10"* partially 
blocks the epinephrine contraction. C. Benodaine 
10"* totally blocks the epinephrine contraction. 
D., E. Subsequent addition of epinephrine after 
washing elicited no response. F. Priscoline (P) 10 
elicits a direct muscle stimulation after apparent 
irreversible block of the sj'mpathetic receptor sites 
with Benodaine. 


The contractions produced by test doses of l- 
epinephrine and L-norepinephrine were inhibited 
by a concentration of 10"* of Apresoline and were 
completely blocked by a concentration of 10"*. 
Responses to L-epinephrine and L-norepinephrine 
were again obtained after washing out the Apresoline. 


Concentrations of 10"* markedly dcprc.ssed the 
contractions produced by epinephrine and concen- 
trations of 10"* blocked them. 

Responses to norepinephrine were inhibited by a 
concentration of 10"' Benodaine and bhxikcd by a 
concentration of 10"*. 
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In both cases the blockades were irreversible, in 
that, after repeated washings the muscle would not 
respond again to the adrenergic stimulants. How- 
ever, the muscle did exhibit responses to the hista- 
minie actions of Priscoline 

The fact that a much higher concentration of Beno- 
daine is required to influence the response to nor- 
epinephrine from that to epinephrine appears to 
agree with the literature in that Benodaine will in- 
hibit circulating epinephrine, but will have little 
effect on sympathetic stimulation 
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The Polarographic Behavior of Certain Antioxidants 
at the Wax-Impregnated Graphite Electrode* 

By ROBERT A. NASH,t DONALD M. SKAUEN, and WILLIAM C. PURDY 


The anodic polarography of thirty-six phe- 
nolic compounds and nine miscellaneous 
antioxidants at the wax-impregnated graphite 
electrode is reported. Certain correlations 
have been made between ring substitution 
and half-wave potential. 

' I *he assessment of antiox'idant properties is 
a matter of considerable importance to the 
pharmacist. Since polarography is rapid and 
can be conducted at low concentrations in a wide 
variety of media, it occurred to us that a polaro- 
grajihic study of a range of compounds having 
known antioxidant properties might prove ex- 
tremely useful. 

Anodic polarography has been studied far less 
than the cathodic variety. Although useful in 
some cases, the dropping mercuiy electrode itself 
readily undergoes oxidative attack, so that the 
stationarx' or rotating platinum microelectrode 
is often more useful (1). Gaylor and her co- 
workers (2-4) have recently introduced the tech- 
nique of anodic polarography at the w’ax -impreg- 
nated graphite electrode. Lord and Rogers 
(5) found that the graphite electrode could be 
used for the anodic polarography of organic 
compounds. There is, however, limited data 
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comparing the behavior of the graphite electrode 
with that of any other xvell established electrodes. 

The purpose of this paper is to present polaro- 
graphic data for a large number of antioxidants 
and related compounds. These data will be 
obtained on the wax-impregnated graphite 
electrode. 

EXPERIMENTAL 

Method. — The method of polarography with wa\- 
iiiipregiiated graphite electrodes (3) was adapted 
for use with the Fisher "Electropode.” The 
galvanometer was calibrated in microamperes per 
scale unit at selected sensitivities by inserting 
known resistances across the instrument leads and 
noting the resulting galvanometer displacement as 
various potentials w ere applied For example, read- 
ings of 0 025i , 0 0235, and 0 0219 nA/division were 
obtained for galvanometer sensitivity settings of 
1, 10, and lOOX respectively The potential dial 
of the instrument xvas calibrated against a Leeds 
and Northrup IC2 precision potentiometer. 

Graphite electrodes’ fitted to cork stoppers were 
impregnated with Castorwax* at 100° for a period 
of two hours The electrodes were cooled to room 
temperature and their exposed surfaces were coated 
with Seal-All ’ A length of copper wire, serving as 


* Spectroscopic prade Graphite Electrodes of U-1 porosity 
and 0 25 inch diameter were obtained from the Union Carbon 
Products Co , Inc , Bay City, Mich 

* Castorvrax is a product of the Baker Castor Oil Co NVtr 
York.N Y. 

* Seal All IS manufactured b> tfic Allen Products Corpo 
ration, Detroit, Mich 
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a lead, was fitted to the top of each electrode with a 
short piece of Tj'gon tubing and was sealed in place 
with a small amount of Wood's metal This elimi- 
nated the need for a mercury contact. Fresh surfaces 
of the electrode were e.\posed for each run by cutting 
off lengths of between 0.12 and 0.2 .t inch from the 
bottom and abrading the e.xposed surfaces lightly 
with fine emery cloth. 

Procedure. — Samples of freshly prepared test 
solution were taken for each run. In the case of 
water-soluble compounds, 10-millmolar solutions 
were prepared and diluted lOfi times with standard 
Sorenson pH 7 0 phosphate buffer to obtain work- 
ing concentrations of 0.1 millimolar. Where water 
solubility was a problem, tlie stock solutions were 
made up in alcohol and d luted with an aqueous 
alcohol ( 1 '. 1 ) buffer to yield apparent pH values of 
approximately 7.1. 

Tuenty-milliliter portions of the test solution 
were placed in a Lingam H-cell fitted with a potas- 
sium chloride-agar plug and a saturated calomel 
electrode (see Fig 11 The cell was placed in a 



Fig 1 — The Lingane H-Cell with a Wa.\-Imprcg- 
nated Graphite Electrode. A. — The Lingane H- 
Cell B. — The Satimated Calomel Electrode. C. — 
A Castonvax-Impregnated Graphite Electrode. 
D. — Tygon tubing. E. — Wood’s metal seal. F. — 
Copper wire lead. 


water bath thermostated at 25 ± 0 5°. Xitrogen 
gas was bubbled through the test solutions for fif- 
teen minutes before each run and a nitrogen atmos- 
phere was maintained above the solution during the 
course of the run. Commercial tank nitrogen was 
purified by passing the gas through two solutions 
of hypovanadate and one of test buffer before enter- 


ing the H-cell. The polarograms were plotted 
manually. 

DISCUSSION OF RESULTS 

The polarographic behavior of thirty-six substi- 
tuted phenols, which have been used as antioxi- 
dants, is collected in Table I. These coinpountls 
are listed in order of decreasing half-wave potential. 
Included, also, arc the limiting currents (6) for the 
compounds, measured in a solution at pH 7.0 anti 
containing a 0.1 millimolar concentration of the 
eicctroactive material. The a-values (7) for these 
compounds are also given. 

In the case of catechol (8) and gallic acid (9), the 
results obtained in this study compare favorably 
with those obtained at a platinum electrode. Al- 
though previous studies at the graphite electrode 
were conducted at pH values other than 7.0, the re- 
sults obtained here are in line. 

The largest single class of antioxidants are the 
butylated derivatives of phenol. Their insolubility 
in water and relative lack of toxicity have made 
them ideally suited for the protection of fats and 
oils. The half-wave potentials of seven of these 
butylated phenols, (i.e., “Tetrabutyl Bisphenol A," 
2,4-dimethyl-6-/cr/-butylphenol, 2,4,G-tri-/(rr/-butyl- 
phenol, "Tenox-BHA,” 2,6-di-/crLbutylphenol, “Le- 
derlc-2246,” and "Tenox-BHT”), have been pre- 
sented in Table I along with the data on phenol. 
The half-wave potentials of w;-/cr/-butylphenol, 
o-/crf-butylphcnol, and />-/er/-butylphenol have been 
calculated to be 0.520, 0.442, and 0.4G8 volt vs. SCE 
at 7.0 (1,2). 

An inspection of these data indicates that butyl- 
ation in the orlho- and para- positions has a profound 
lowering effect on the half-wave potential. Ortho- 
butylation has a greater potential lowering effect 
than />nro-substitution. Bis structures such as 
“Tetrabutyl Bisphenol A” and "Ledcrle 224G'' 
offer no visible advantage in potential lowering to 
their monophenjd counterparts. 

In Table II arc found the polarographic data on 
nine miscellaneous antioxidants and related com- 
pounds. Again these data are in line with the work 
previously reported at the graphite electrode. 

In a subsequent paper, correlations will be drawn 
between the half-wave potential and the antioxy- 
genic efficiency. 

SUMMARY 

1 . Polarography with wax-impregnated graph- 
ite electrodes has been adapted to study a wide 
variety of antioxidants and related compounds. 
Half-wave potentials, limiting currents, and 
alpha values are reported for a total of forty-five 
compounds. 

2. Certain correlations between ring sub- 
stitution and half-wave potential for phenols 
have been drawn. 

.3. The method is rapid, can be used at low 
concentrations in a wide variety of solvents, and 
should prove extremely useful for the examina- 
tion of antioxidants. 
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Table I. — The Polarographic Behavior of Certain Substituted Phenols 


Compound 

Metliylparaben“ 

/'-Hydroxpropiopheiione 

/)-Nitrophenol 

Phenol 

Potassium guaiacol sulfonate 

Vanillin 

Resorcinol 

/j-Hydroxyphenylalanine 

Hydroquinone monomethylether 

Phloroglucinol 

“Tetrabutyl Bisplienol A”*' 

N-acetyl-p-aminophenol 

N-n-butyryl-^-aminophenol 

d-Naphthol 

2.4.6- Tritertbutylphenol 
“Tenox-BHA”' 
N-)i-pelargonyl-/)-aminophenol 
N-«-stearoyl-/)-aminophenol 
N-n-lauroyl-p-aminophenol 

2.6- Di-tert-butyIphenol 
"Tenox-BHT"'' 

‘■Lederle-2246’'« 

A-Naphtliol 

«-Tocopherol 

Catechol 

Ethyl Hydrocaff eate 

3,4-Dihydroxyphenylalanine 

Ethyl gallate 

Propyl gallate 

Nordihj'droguaiaretic acid 

/>-Aminophenol hydrochloride 

Gallic acid 

Pyrogallol 

Quercetin 

Hydroquinone 

Trihydroxybutyrophenone 


Ei /2 in mv 
vs SCE 

in #iA 

a 

SoUent S> stem 
at pH 7 0 

759 

1 28 

1 46 

Aqueous-alcohol 

745 

2 10 

0 92 

Aqueous-alcohol 

691 

3 32 

1 21 

Aqueous-alcohol 

537 

3 22 

0 81 

Aqueous 

514 

1 90 

1 10 

Aqueous 

508 

2 64 

1 03 

Aqueous 

490 

3 32 

1 05 

Aqueous 

465 

1 15 

0 88 

Aqueous 

352 

2 20 

1 25 

Aqueous-alcohol 

344 

2 26 

0 87 

Aqueous 

343 

2 06 

1 26 

Aqueous-alcohol 

333 

1 71 

1 38 

Aqueous-alcohol 

322 

1 73 

1 49 

Aqueous-alcohol 

310 

3 14 

1 26 

Aqueous-alcohol 

300 

0 86 

1 16 

Aqueous-alcohol 

275 

1 34 

1 34 

Aqueous-alcohol 

267 

1 81 

1 40 

Aqueous-alcohol 

267 

1 93 

1 44 

Aqueous-alcohol 

263 

1 40 

1 56 

Aqueous-alcohol 

208 

1 09 

1 09 

Aqueous-alcohol 

195 

1 02 

1 14 

Aqueous-alcohol 

168 

2 33 

1 28 

Aqueous-alcohol 

166 

3 39 

1 53 

Aqueous-alcohol 

140 

3 50 

2 12 

Aqueous-alcohol 

139 

1 27 

1 77 

Aqueous 

134 

1 39 

1 81 

Aqueous-alcohol 

119 

2 45 

2 03 

Aqueous 

102 

2 13 

2 18 

Aqueous-alcohol 

99 

2 38 

2 12 

Aqueous-alcohol 

94 

1 76 

2 39 

Aqueous-alcohol 

60 

1 92 

1 15 

Aqueous 

59 

3 73 

1 75 

Aqueous 

33 

5 15 

1 19 

Aqueous 

24 

6 19 

0 69 

Aqueous alcohol 

18 

2 24 

1 31 

Aqueous 

-10 

2 95 

1 10 

Aqueous-alcohol 


" Methyl p hydroxybenzoate. C P , obtained from Heyden Chemical Corporation, Neu York, N V 
b Obtained from B F Goodrich Chemical Co , C P 

® Butylated hydroxyanisole, food grade, obtained from Eastman Chemical Products Inc , Kingsport, Tennessee 
Butylated hydroxytoluene, food grade, obtained from Eastman Chemical Products Inc 
* 2,2'-methyIenebis (4 methyl 6 tertbutjlphenol), C P , obtained from American Cyanamid Co , Neu York, N Y 


Table II — The Polarographic Behavior of Some Miscellaneous Antioxidants and Related 

Compounds 


Compounds 

Ei /2 in mv 
\s see 

It 

in mA 

or 

Solvent sj stem 
at pH 7 0 

Aniline 

682 

1 46 

0 59 

Aqueous 

2,3-Diphenylindole 

552 

1 76 

1 46 

Aqueous-alcohol 

Bithionol” 

457 

1 56 

0 98 

Aqueous alcohol 

‘ ' Dichlorophene’ 

452 

2 40 

0 97 

Aqueous-alcohol 

Hexachlorophene 

406 

2 45 

1 19 

Aqueous-alcohol 

Phenothiazine 

239 

3 13 

0 95 

Aqueous-alcohol 

“Santoquin”' 

201 

1 56 

2 67 

Aqueous-alcohol 

Rutin 

199 

1 43 

3 SI 

Aqueous-alcohol 

N.N'-Diphenyl-p-phenylcnc diamine 

-5 

3 10 

1 32 

Aqueous-alcohol 


^ “Actamer,” U S P obtained from Monsanto Chemical Co , St Louis, Mo 
® Obtained from Sindar Corporation, New York, N Y CP 

^ C Ethoxy 2,2,4 lrimeth>l 1,2 dihydroquinolmc, technical obtained from Monsanto Chernica! Co 
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The Correlation of Polarographic Half-Wave 
Potentials of Antioxidants with Their 
Antioxygenic Efficiency* 

By ROBERT A. NASH.t DONALD M. SKAUEN, and WILLIAM C. PURDY 


The anodic polarography of forty-five antioxidants at the wax-impregnated graphite 
electrode has been presented in a previous paper. In this present communication, 
certain correlations between polarographic potentials and older potentiometric 
consentions for the measurement of the potential of an irreversible organic oxida- 
tion have been drawn. Furthermore, a correlation between half-wave potential and 
antioxidant activity is presented. Finally, recommendations are made for the use of 
ten antioxidants in pharmaceuticals and for eight antioxidants in commercial non- 
edible preparations. 


^ I 'here are a nujibek of ways of quantitatively' 
expressing the potential for an irreversible or- 
ganic redox reaction Conant and Pratt (1) 
introduced the A.fi P. (apparent oxidation po- 
tential) in their study of the irreversible oxida- 
tion of phenolic c impounds. The A.O.P. is de- 
fined as the pote- iial developed in thirty minutes 
by a solution ct itaining the reduced form of the 
phenol and ec]aimolar amounts of ferrocyanide 
and ferricyani 'e. Ser'cral years later, Fieser de- 
fined the normal oxidation potential (Eo) as the 
potential di' rence between a dilute solution of 
equimolar < uantities of the oxidant and the re- 
ductant, n en neither is ionized, and a hydrogen 
electrode i the same solvent (2). Subsequently, 
Fieser ( defined the critical oxidation potential 
(Ec) a die potential obtained by an extrapola- 
tion r . potential-percentage composition plot for 
the ^ iction between the phenol and a suitable 
refc,i.nce redox couple. 

The ijolarographic half-wave potential (Ay,) 
f‘ r a re\ ersiblc redox sy’stem is equal to the stand- 
. 1 oxidation potential minus a constant. This 
lationship has been shown to apply to the rc- 
crsible quinone systems (4), For irreversible 
systems, however, the half-wave potential and 
the apparent oxidation potential, normal oxida- 
tion potential, and critical oxidation potential are 
only empirical. Since the half-wave potential is 
much more readily obtainable than the latter 
three potentials, a study into the relationship 
between polarographic and potentiometric po- 
tentials for systems potentially valuable in phar- 
maceutical preparations was undertaken. 

DISCUSSION 

Sixteen compounds were selected to cover a po- 

* ReecnecI October 20, 1957, frf»m the University of Con- 
necticut, Storrs 
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Nash, the Unisersity of Connecticut, btorrs 
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tential range of 1200 millivolts. Half-wave poten- 
tials and decomposition potentials (5) were obtained 
for each compound at the wax-impregnated graphite 
electrode by the method described in a previous 
paper (6). These polarographic values were con- 
verted to potentials vs. N.H.E. by means of the fol- 
lowing formulae: 

Ap = Ay, -t- 0.059 pH - (-0.246) at 25° 

= Ad + 0.059 pH - (-0.240) at 25° 

In Table I are collected the Ep and Ei> potentials 
together with the corresponding literature values of 
Ao and A, for these sixteen compounds. The E, 
and Ec values reported are for solutions at pH = 7, 
made up in the same solvents as used in this study. 
Missing values indicate the lack of literature data 
for the particular compounds. 

An examination of Table 1 indicates a rather close 
correlation between Ep and Ec and between Ao and 
Ec. Tlie correlation between A, and A, is not 
nearly so good. The relationship between Ep and 
Ec is accepted by all investigators in the field of 
polarography. The dificrcnces between the experi- 
mentally determined Ep values and the reported A, 
values can be attributed to one or more of several 
factors, such as dificrcnces in electrode material, 
ionic strength of solutions, etc. The correlation 


Tadpe I. — The Oxidation Potentials of Sixtee.n' 
Selected Compounds 



/ — Potentials in 

mv. vs 

N.H K 

Coznpouads 

Eo 

Ep 

Ec 

EV 

p-Nitrophenol 


1350 

1433“ 

1270 

Aniline 


1342 

1135 

1173 

Phenol 

1225 

1197 

1089 

1100 

Resorcinol 

1205 

1150 

1043 

1051 

f)-Naphthol 


970 

1017 

909 

Phloroglucinol 


1004 

799 

89S 

a-NaphthoI 


826 

797 


Gallic acid 

799 

719 


022 

Catechol 

793 

799 

742 

749 

p-Aminophcnol 

733 

720 

073 

019 

Ilvdroquinone 

710 

078 

031 

034 

Pyrogallol 

713 

083 

009 

024 

a-TocopheroI 

770 

800 


701 

1,4-Naphthoquinonc 

484 

483 



/-Ascorbic acid 

390 

.300 



9,10-Anthraquinone 

154 

101 


22.3 


o Value calculated by liglofT, W al. (7). 
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bctweeen Et> and Ec could be due to the fact that 
both these potentials behave like limiting poten- 
tials. Ec represents the potential at which a com- 
pound first begins its irreversible oxidation of a re- 
versible reference redox system. Ed, on the other 
hand, is the potential at which a compound first 
undergoes reduction at an electrode surface. 

Although these correlations are not absolute and 
are subject to such factors as choice of electrode, 
solvent system, pH, and ionic strength, the results 
of this study indicate that the half-wave potential, 
determined at a wax-impregnated graphite elec- 
trode, may replace the normal oxidation potential 
for such compounds as antioxidants. Furthermore, 
the critical oxidation potential maj' be replaced by 
the decomposition potential. 

A comparison of the half-wave potential and the 
antioxygenic efficiency index for twenty-four com- 
pounds is. presented in Table II. The compounds 
are arranged in descending half-wave potential 
order. The antioxygenic efficiency index for each 
compound was taken from data published by BickoS 
(8). The index for each compound was obtained 
on carotene substrates in mineral oil at 75°. 

Table II indicates that the most effective antioxi- 
dants are found in the potential region of 30 to 330 
millivolts. Based on the results of this table, the 


Table II. — The Correlation between Antioxy- 
genic Activity and the Half-Wave Potential 


Compound 

Exit in mv. 
v$. S.C.E. 

Index 

for 

Carotene 

in 

Mineral 
Oil at 
75* 

/(-Nitrophenol 

691 

1 

Phenol 

537 

1 

Potassium guaiacol sul- 
fonate 

514 

6 

Vanillin 

508 

3 

p-fcrf-Butylphcnol 

468 

3 

Hydroquinone mono- 
methylether 

352 

46 

N-ii-butyryl-p-amiuo- 

phenol 

322 

190 

d-Naphthol 

310 

18 

2,4-Dimethyl-6-/cr/- 

butylphenol 

“Tenox-BHA”“ 

300 

188 

275 

130 

“Santoquin”*' 

"Tenox-BHT”' 

201 

112 

195 

142 

a-Naphthol 

166 

154 

a-Tocopherol 

140 

160 

Catechol 

139 

84 

Ethyl hydrocaffeate 

134 

174 

Ethyl gallate 

102 

165 

Nordiliydroguaiaretic acid 

94 

208 

/>-Aminopheuol 

60 

92 

Gallic acid 

59 

7 

Pvrogallol 

33 

155 

Hvdroquinonc 

18 

8 

2.5- Ditcrt-bulylhydro- 
quinone 

2.5- Diamylhydroquinonc 

-558 

1 

-579 

1 


" n«tylntcd liydroxyanisolc. food prade, obtained from 
Eastman Chemical Products. Inc., Kingsport. Tenn. 

0-Hthoxy-2,2,-l-trimclhyI-1.2-dihydroqiiinotinc, techni- 
cal. obtained from Monsanto Chemical Co.. St Louis, Mo. 

* nutylatctl hydroxytoluene, foo<l grade, obtained from 
Kastman Chemical Prc^ucts, Inc. 


following antioxidants are recommended for use: 

1. The “Tenoxs” (butylated hydro.xx'anisole and 
butylated hydroxytoluene) for fat soluble pharma- 
ceuticals; 2. Rutin (£i /2 = 199 mv.), ethyl gallate, 
propyl gallate (En- = 99 mv.), ethyl hydrocaffeate, 
and nordihydroguaiaretic acid for fat soluble phann- 
aceuticals in which the absence of color is not im- 
portant; 3. “Santoquin,” “Lederle-2246”^ (Ei/; = 
168 mv.), phenothiazine {Em = 239 mv.), 2,4,6- 
tritert-butylphenol (Ei/- = 300 mv.), the N-h- 
pelargonyl (Ei/. = 267 mv.), N-w-lauroyl (En- = 
263 mv.), and N-n-stearoyl (Ei/. = 267 mv.) amides 
of />-aminophenol, and 2,6-ditert-butj'lphenol {Em 
= 208 mv.) for commercial, nonedible, fat soluble 
products; 4. 3,4-Dihydroxj’phenylalanine {En- = 
119 mv.), N-acetyl {Em — 333 mv.), and N-?i- 
butyiyl />-aminophenols in aqueous systems on the 
basis of the correlation established in fat systems. 

The present study suggests that anodic polarog- 
raph 5 ’^ should be a simple and rapid general tech- 
nique for the preliminary assessment of the efficiency 
index of new potential antioxidants. 

Preliminary investigations on certain other anti- 
oxidants, chiefly sulfur-containing compounds, were 
also begun along the lines indicated above. Al- 
though qualitative agreement was obtained, the re- 
sults of these investigations were, however, more dif- 
ficult to correlate both with the older potentiometric 
data and with antioxidant efficiency. 

SUMMARY 

1. Sixteen compounds were employed to 
establish two relationships between four dif- 
ferent oxidation potentials. A correlation be- 
tween tile half-wave potential and the normal 
oxidation potential and another between tlie de- 
composition potential and the critical oxidation 
potential was demonstrated. 

2. A correlation was established between the 
half-wave potential and tlie antioxygenic effi- 
ciencj' index for twenty-four of the more im- 
portant antioxidants. The greatest antioxygenic 
index for activity is found in the half wave poten- 
tial region between 30 and 330 millivolts. 

3. Recommendations are made for tlie use of 
ten antioxidants in pharmaceuticals and for eight 
antioxidants in commercial nonediblc prepara- 
tions. These compounds are proposed on the 
basis of the potential-elliciency correlation pre- 
viously established. 

4. The ease with which half-wave potentials 
can be obtained suggests their use for tlie pre- 
diction of the efficiency index of a newh'-syn- 
thesized antioxidant. 

REFERENCES 

(1) Conant, J. B., and Pratt, M. F., J. ,lm. Ch(m. Soc., 
48, 317(H192G). 

(2) Fiescr, L. F.. ibid., 52, 4015(1930). 

(3) Fic^cr, L. F.. ihul., 52, 5201(1030). 

(4) KoUhofT, I. M., and I.inganc, J. J., “Polarograpliy,” 


* 2.2-Mclhylcncbis (4-mcthyl-G /rr/.butylpl:cnol), C. P., 
obtained from American Cyanamid Co., New York, N. V. 



4.3S 


Journal of the American Pharmaceutical Association Vol. XLVII, No. G 


2nd cd , Vol II, Intcrscicncc Publishers, New York, 1952, p. 

099 , .. 

(5) Kolthoff, I . and Lingane, J. J.. ■' Polarography. 
Second Edition. Vol I, Intersciencc Publishers, New York, 
1052, Chapt. 1 


(6) Nash, R. A.. Skauen, D. M., and Purdy, \V. C.. Tms 
Journal, 47, 433(1958). 

(7) Egloff, G., Lourj', C. D., Jr., Morrell, J. C., and Dryer 
C. G., Ind. Eu^. Chem., 25, 804(1933). 

(8) Bickoff, E. M., J. Am. Oil Cheyn. Soc., 28, 05(1951). 


The Neuromuscular Activity of a Series of 
Bis (3 -hydroxy dimethylpiperidinium Bromide) Ethers* 

By A. L. FISHERt and HUGH H. KEASLING 

The neuromuscular blocking activity of the bis(3-hydroxydimethylpipericlinium 
bromide) ethers with 5-8, 10, 12, and \4 methylene groups has been evaluated in 
the mouse, rat, and hen. The 10, 12, and 14 methylene group derivatives were 
further tested in dog, rabbit, and frog in an attempt to specify their mode of block- 
ade. Neuromuscular blocking potency increased with increase in number of methyl- 
ene groups to a maximum at 12. A qualitative change in mode of action occurred 
with the 12 and 14 methylene compounds. It was concluded that the compounds of 
this series represent a mixed type of action and that the biological tests utilized do 
not define the activity as either competitive or depolarizing in character. 


' I *iii! OBJEC '■ of this study was an evaluation of 
the neuromuscular activity, mode of action, 
and structural relationships to activit}' of a scries 
of bis(3-h rlrox}'dimeth 3 ’lpiperidinium bromide) 
ethers. ! ollowing quantitative determinations 
of the T uromuscular potency of the compounds 
in the I. a ruse, rat, and hen, the qualitative change 
in mi lie of action of certain of the compounds 
was 'ludied further. This report details the re- 
sults of this investigation. 

EXPERIMENTAL 

I'he compounds investigated were the peiila-, 
liexa-, hepta-, oeta-, deca-, dodeca-, and tetradcca- 
metliylenc bis(3 lu’droxydimethylpiperidinium bro- 
mide) ethers and the bis(3 hj'droxypiperidiniura bro- 
mide) ester of sebacie aeid. The structure of these 
materials is detailed in Fig. 1. All compounds were 
dissolved in 0.8% saline, and administered as de- 
scribed in each experimental procedure. 

Mice. — The technique of Thcsleff and Unna (1) 
was utilized. All compounds were administered by 
rapid intravenous injection into the tail vein of 
albino mice. Paralysis was indicated bj’ the in- 


ability of the mouse to cling to a screen inclined at 
60° from the horizontal. The median paralyzing 
dose was calculated by the method of probits, using 
13 mice at each dose level. 



CHj CHs CHs CHs 


R = — (CH.)„— 


n 

Name 

Code No. 

5 

Pcntamethylene 

JB3G1 

G 

Hexamethylene 

JB307 

7 

Heptamethylenc 

JB 407 

8 

Octamethylene 

JB409 

10 

Decamethylene 

JB373 

12 

Dodccamcthylene 

JB410 

14 

Tetradccamethylenc 

JB418 

R = 

— C— (CH-),— C— 

JB392 


Fig. 1. — Chemical structure of the bis (3 hydroxy- 
dimethyl piperidinium bromide) ethers. 
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Rats. — The rat sciatic ncrve-gastrocnemius muscle 
preparation as described by Van Maancn (2) was 
used with minor modifications. Onij' male hooded 
rats weighing frf>m 2.50 to 400 Gm. were utilized. 
Each rat received only a single injection of drug. 

Chickens. — Tlic sciatic nervc-gastrocneinius inusj 
cle of Wliite Leghorn hens weighing between Lo 
and 4.0 Kg. was prepared under pcntol)arhitaI 
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anesthesia (25 mg /Kg ) as described by Pelikan, 
et al (3). The tension on the muscle was usually 
200 Gm. and lield eonstant in each experiment. 
Muscle contraction was induced as described by 
TheslefI and Unna (1), using supramaximal volt- 
ages supplied by a Grass stimulator. The contrac- 
tions were recorded by a counterbalanced lever arm 
on a smoked drum. 

The drug effects were estimated as described by 
Thesleff and Unna (1). The antagonistic effects of 
edrophonium on the paralysis was investigated for 
certain of the compounds of the series by rapid in- 
travenous injection at a dosage of 200 meg /Kg. 

The deca-, dodeca-, and tctradeca-cogeners were 
investigated further by the following procedures 

Dogs. — Dogs were anesthetized with 30 mg. /Kg. 
of pentobarbital sodium. One carotid artery was 
cannulated and recordings made on a smoked drum 
via a mercury manometer The sciatic nerve was 
isolated and stimulated by supramaximal shocks 
of 0 2 millisec duration every ten seconds and the 
contraetion of the anterior tibialis muscle was re- 
corded on the smoked drum. The effects of acetyl- 
choline, histamine, epinephrine, and bilateral carotid 
occlusion were determined before and after each in- 
jection of compound 

Rabbits. — Paralysis after intravenous drug ad- 
ministration was measured by loss of the righting 
response (4). The intravenous LDso dosage was 
determined by the method of probits in groups of 13 
animals and the therapeutic index was calculated 
for the deca-, dodeca-, and tetradeca-methylcnc 
ethers. 

Cholinesterase Studies. — Cholinesterase inhibi- 
tion was measured by standard manoinetric tech- 
niques using acetyl-d-methyl choline (0 02 M) as 
substrate and Winthrop-Stcarns bovine erythrocyte 
cholinesterase (20 units/cc ) The 50% inhibitory 
level of the compounds tested was calculated by the 
method of probits. 

Results. — The relative potencies of the compounds 
in the mouse, rat, and hen are shown in Table I, 


Taule I.— -Paralyzing .\ctivitv of Bis(3- 
iiydroxypiperidinium Bromides) 




EDn 

j umoles/KR — — > 

JB No 

n 

Mouse 

Rat 

Hen 

361 

5 

2 91 

22 50 

0 98 

3G7 

G 

3 34 

10 10 

1 56 

407 

7 

2 5G 

7 GS 

0 43 

409 

S 

1 78 

7 28 

0.19 

373 

10 

0 26 

0 73 

0 14 

410 

12 

0 16 

0 24 

0 10 

418 

14 

0 31 

0 38 

0 38 

392 

Sebacic 

159 2 

39 80 

0 38 

(/-Tubocurar- 

iuc 

acid 

ester 

0 OS 

0 07 

0 69 

Dccaincthon- 

iuni 


2 1 

7 4 

0 015 


It Mill be noted that the dodecanicthylciie com- 
pound (JB 410) is the most potent in all three species 
and approaches d-lubocurarine in potency in the 
curare susceptible species (rat and mouse) and is 


more potent than d-tubocurarine in the decametho- 
nium sensitive preparation (hen). The duration 
of action of these materials was somewhat shorter 
than that of tubocurarine. The compounds having 
5 through 10 methylene groups produced a deca- 
methonium-likc contracture in the hen while the 
dodeca (JB 410) and tetradeca (jB 418) compounds 
produced a d-tubocurarine-like paralysis. 

Rabbits. — The action of the deca-, dodeca-, and 
tetradeca compounds on the loss of righting reflex 
in the rabbit was examined. As in the other species, 
the dodecamethylene was the most potent deriva- 
tive. The intravenous LDso’s for these three com- 
pounds were determined and the therapeutic index 
calculated. These data and a comparison of the 
therapeutic indices reported for d-tubocurarine and 
Laudolissin under similar experimental conditions 
are listed in Table II. 


Table II.— Righting Response and Toxicity in 
THE Rabbit 


Compound 


EDso 


Thera~ 

peatic 

No 

(CHt; n 

me /Kg 

BUso 

Index 

JB 373 

10 

0 160 

0 360 

2 2 

JB 410 

12 

0 065 

0 135 

2.1 

JB 418 
tf-Tubocu- 

14 

0 125 

0 240 

1 9 

rarine 

Laudolissin^ 




1 8“ 
1.7“ 


“ See reference (5) 

I* Decametbylenebis(l,2,3,4 tetrahydro 0,7.dimethoxjl-l- 
(3',4'-dimethoxy benzyl) 2 methyl isoqumolmium salts 


Antagonism. — The antagonistic effect of neostig- 
mine or edrophonium was tested against the deca-, 
dodeca-, and tetradccaraetliylene compounds in the 
hen and dog. In the hen, the decametliylene com- 
pound was potentiated, the dodeca not affected, and 
the tetradeca was weakly antagonized by edro- 
phonium (see Fig. 2). All three compounds were 
potentiated in the dog by neostigmine. 

In mice, the effect of neostigmine was examined 
against the deca-, dodeca-, and tetradeca-methylene 
compounds. All were potentiated by neostigmine 
(sec Tabic III). 


Table III. — Joint Action of Compounds with 
Neostigmine in the Mouse 




Ncoslig- 


Para 



DosaRc, 

mme, 

No of 

lyzeij. 

Dead 

JB No 

mg /Kg 

/Kg 

Mice 

% 

% 

373 

0 1C4 


26 

85 

8 

373 

0 104 

0 050 

13 

100 

77 

410 

0 no 


26 

SO 

0 

410 

0 no 

0 025 

13 

85 

23 

410 

0 no 

0 050 

13 

85 

38 

410 

0 no 

0 100 

13 

100 

70 

418 

0 200 


13 

54 

_S 

418 

0.200 

0 100 

13 

100 

77 
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However, when (/-tubocurarine chloride and the 
dodeca-methylene compound were tested together 
in mice, they had an additive effect as will be noted 
in Table R'. 


Table IV. — Joint Action of d-TunocuRARiNE and 
JB 410 IN the Mouse 




J-Tubo- 


Para- 


Dosa^je, 

curarine, 

Xo if 

lyzed, 

Dead, 

JB 410 

mg./Kg. 

Mkc 

% 

% 

0 

100 


1.1 

15 

0 



0.0.50 

1.3 

4G 

0 

0 

100 

0.050 

13 

100 

100 



A 




Fig. 2. — Effects of the deca-, dodeca-, and tetra- 
dcca-methylene ethers and the effect of edrophonium 
on the neuromuscular blocking activity of these com- 
pounds in the hen sciatic nervc-gastrocnemius 
muscle preparation. Injections at: A JB 373 
100 iig./Kg.— B JB 373 100 fig./Kg.—C edro- 

phonium 200 ng./Kg . — D JB 410 GO Rg./Kg. — 
E JB 410 00 iig./Kg . — F edrophonium 200 
Fg./Kg. — G JB 418 200 iig./Kg . — H edropho- 

nium 200 iJg./Kg. 


Dog Blood Pressure. — The deca- and dodeca- 
methylene compounds had no effect upon dog blood 
pre-ssure up to and including paralyzing doses. 
Both increased the depres.sor activity of acetylcho- 
line fourfold which indicated the iiossibility of 
cholinesterase inhibition. There was no effect 
upon the pressor response of epinephrine, the de- 
pressor response of histamine, nor upon the pressor 
response of carotid occlusion. 


Frogs. — The action of the dcca- and dodeca- 
methylene compounds was found to be at the 
neuromuscular junction by use of the Claude Bern- 
ard e.\pcrimcnt. After injection of these compoimd.s 
into the ventral lymph sac of frogs, the nonligated 
leg muscle was unresponsive to electrical stimulation 
of the sciatic nerve but did respond to ilirect elec- 
trical stimulation. The ligated leg muscle was 
responsive throughout the experiment to electrical 
stimulation of the sciatic nerve. 

Cholinesterase Inhibition. Maiionietrie studic.s 
of the inhibition of true cholinesterases by the deca-, 
dodeca-, and tetradeca- compounds revealed about 
Vioo the cholinesterase inhibiting activity of neo- 
stigmine. The respective molar concentrations for 
50% inhibition were dccaincthylene (JB 37.3) <1 X 
10“^ dodecamcthylenc (JB 410) 7.8 X 10“', tetra- 
dccamethylcne (JB 418) 5 X 10"' and neostigmine 
7.9 X 10“*. 


DISCUSSION 

Numerous investigations have emphasized the 
importance of chain length upon neuromuscular po- 
tency. While peak neuromuscular blocking activity 
occurs in the decamcthylcnc member frequently, 
for example, the methonium series of Barlow and 
Ing (G) and the isoquinolinium series of Collier (7), 
Smith, el at. (8), found in their series of bis-isoquino- 
liniums that the hepta- through deca- methylene 
derivatives were most potent in mice, rabbits, and 
cats but found the dodccamethylene eompound most 
potent in the frog rectus preparation. Barlow and 
Ing (G) have shown that the tridecamethylcne bis- 
triethylammonium bromide is the most potent of 
its series. In the present series the dodecametliyl- 
ene compound (JB 410) was the most potent in all 
species tested (see Fig. 3). 
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The cliange from an ether linkage to an ester 
linkage markedly reduced the neuromuscular po- 
tency. The sebacic acid bis ester of 3 hydroxy- 
dimethylpiperidinium bromide (JB 392) was about 
Vsoo as active in the mouse and rat as its corre- 
sponding ether (JB 373) but was about 'A as active 
in the hen. However, it provoked contracture in 
the hen as did JB 373. 

Of special interest was the evident change in the 
mode of action which occurred as the methylene 
chain was lengthened from the deca- to the dodeca- 
methylene compound. The deca- and shorter chain 
analogs gave a definite contracture of avian muscle 
while the dodeca- and tetradeca- did not exhibit this 
effect. Further, no fasciculations were noted in the 
rat preparation with the dodeca or tetradeca com- 
pounds while the shorter chain members of the series 
all produced initial fasciculations prior to neuro- 
muscular block. This indication of a change from 
decamethonium-like to a d-tubocurarine-Iike action 
was further confirmed by examination of the rela- 
tive potencies of the deca- and tetradeca-compounds 
in the hen and rat. The tetradeca- was only */» as 
potent as tlie decamethylene in the hen which is a 
decamethonium sensitive species, but twice as po- 
tent in the rat which is a d-tubocurarine sensitive 
species. 

Thesleff and Unna (1) reported no contracture 
resulted from the penta and hexamethylene mem- 
bers of the raethonium series on the hen sciatic 
nerve-gastrocneraius muscle preparation whereas the 
higher and lower analogs did produce contracture. 
However, in this report the lack of contracture pro- 
ducing action was accompanied by a marked de- 
crease in neuromuscular blocking activity. This 
was evidenced by the fact that the EDjo for these 
noncontracture producing agents was 30-fold that 
of the next higher analog, the tetramethonium. In 
our series, such large variations in potency did not 
occur; in fact the dodeca-, a noncontracture produc- 
ing compound, was more potent than the most po- 
tent contracture provoking drug. 

The results of Thesleff and Unna (1) indicated a 
good correlation between production of contracture 
in the hen and enhancement of paralysis by neo- 
stigmine in the mouse. In this series, this was con- 
firmed by the combination of neostigmine and the 
decamethjdene compound but not with the dode- 
camethj'lene or tetradecamethylene compounds; 
thej' stimulated no contracture yet were synergized 
by neostigmine in the mouse. 

Zaimis (9) has reported an interesting phenomenon 
regarding the activity of decamethonium which she 
regards as evidence for a dual mode of action. She 
found a decreasing sensitivity of the tibialis muscle 
of dogs to repeated doses of decamethonium. 
Further, in association with this tachyphjdaxis, the 
paralyzing effects of decamethonium were antago- 
nized by neostigmine. M’c were able to confirm her 
results in this regard with decamethonium. How- 
ever, the decamethylene compound (JB 373), the 
most potent drug in this series nhich appeared to be 
of the depolarizing type, was tested with the dog 
tibialis preparation and there was no evidence of 
tachyphyla.\is or antagonism by neostigmine. 
Further, neither of these effects were noted with the 
dodecaniethylene compound (JB 410), with the 
tetradcc.amcthylenc (JB 41S), or with 2,5-bis(<f- 


dieth 3 daminopropylamino)-benzoquinone-bis(benzyl 

chloride). 

At present, mode of neuromuscular blockade is 
generall}' divided into tno presumptive classes, 
competitive or tubocurarine-like, and persistent de- 
polarization or decamethonium-like. There is no 
method n’hich can prove conclusively the exact 
mechanism of action. Comparison of the end plate 
potential of the muscle after drug administration is 
probably the most accurate estimation at the present 
time for the differentiation of mechanism of action 
(10). Other techniques have been used, however, 
which do not require such an elaborate method. 
Those which indicate a tubocurarine-like activity 
include the use of tubocurarine sensitive animals 
such as the rat, antagonism, and reversal of neuro- 
muscular block bj^ the anticholinesterases and; of 
course, negative responses to the indications of de- 
camethonium-like activity' which include potentia- 
tion of effect by' the anticholinesterases, production 
of contracture in the hen, and initial fasciculation of 
muscle prior to the neuromuscular block. 

In this series, the penta- through deca-methylene 
compounds were decamethonium-like in that they' 
were more active in the hen than the rat or mouse, 
produced initial fasciculations in rat muscle prior to 
block; and all gave a contracture in the hen. In 
addition, the decamethy'lene compound, which was 
taken as a prototype for the shorter chain members, 
was potentiated by the anticholinesterases. The 
dodeca compound rvas active in both the rat and 
hen, was decamethonium-like in that it was poten- 
tiated by the anticholinesterases and tubocurarine- 
like in that it produced no initial fasciculations in 
rat muscle and produced no contracture in the hen. 
The tetradecamethylene compound appeared tubo- 
curarine-like with respect to the increased sensitivity 
of rats compared to hens, the lack of contracture 
provoking properties in the hen while the neuro- 
muscular block was antagonized somewhat by the 
anticholinesterases. In addition, it produced no 
fasciculations in rat muscle. However, it was de- 
camethonium-like in regard to its potentiation by' 
the anticholinesterases in mice. 

The possibility that the action was other than at 
the neuromuscular end plate teas eliminated for the 
deca- and dodeca- methylene compounds by' the 
classic Claude Bernard frog experiment. The con- 
clusion must be drawn then, that the compounds of 
this scries represent a mixed ty'pe of action and that 
no single biological test is sufficient in itself to de- 
tennine the mode of action. An examination of 
the effects of these mixed ty'pe agents on the end 
plate potentials would be of interest. 
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A Report on the Oxidative Degradation of 
Neutralized Carbopol* 

By T. W SCHWARZ and GERHARD LEVYf 


Neutralized Carbopol 934 gels undergo oxi- 
dant e degradation when exposed to daylight 
This reaction is probabh catalyzed by trace 
metals EDTA, tarious nonelectrolyte anti- 
oxidants and poly-hydroxy compounds may 
be used to retard this degradation 

A ^ IMPORTANT REQi iREMENT for pharmaceu 
tical thickening agents is viscosity retention 
on aging Carbopol i34,' a Mdrophilic colloid 
of high thickening capacity, has been described 
as an agent of outstanding viscosit 3 ' stability' 
(1-4) In the course of evaluating Carbopol 934 
gels m our laboraion , t\e have found that this 
polymer is subiect to oxidative degradation 
Carbopol 934 gils undergo a marked viscosity' 
decrease at room temperature within two to three 
w eeks if they are exposed to day light 
In this pai r, the stability characteristics of 
gels made fr m x arious salts of Carbopol 934 are 
reported me of these gels xvere exposed to 
daylight i iile others were not A number of 
antioxid ts polyhy droxy' compounds and a cbe 
lating a it were screened for their inhibitory ef 
feet on le degradation of the polymer Viscosity 


Fifty' milliliter portions of the dispersion w ere pi iccd 
in 8 ounce glass jars The inhibiton agent, dis 
solved or dispersed in 25 ml of distilled water, w is 
added A sufficient amount of base in aqueous 
solution was then added to obtain a pH of 7 0 dt 0 1 
The total solution was brought up to 100 Gin with 
distilled water 

The jars were stored at room temper iture (22 
to 25°) in day light, but protected from direct sun 
light Some of the jars w ere w rapped in aluniimim 
foil to prevent exposure to light 

The viscositv was measured at 25° with a Brook 
field Sy ncliro Lectric 4bscometcr, Model L\ f, 
spindle No 4 at 6 r p m 


RESULTS AND DISCUSSION 

Table I shows the viscosity change of gels made 
from various salts of Carbopol 934 after 17 days of 
storage While the gels which had been protected 
from light maintained their viscosity, the gels that 
were exposed to light — regardless of the neutralizing 
agent used — decreased in viscosity from 33(>( to 
51% 

Table II represents the eflcct of light on the vis 
cosity of Sodium Carbopol 934 gels in the presence 
of several antioxidants, poly' hy’droxy' compounds, 


Ta i_ I — The Effect op Davlight on the Viscosity of 0 7% Neutralized Carbopoi 934 Gnis 


Initial Viscosit> after 17 di>s in c p s I 


\eutr ilizmg Agent 

Viscositj ® 
in c p s 

Fxposed to 
Daylight 

Change 

% 

Not Cxp to 
Da> light 

Change 

% 

^ dium hydroxide 

57,000 

34,100 

-41 

58,900 

+2 

1 riethanolamine 

07,000 

45,300 

-32 

09,200 

-b3 

Ammonium hy droxide 

57 , 200 

28 000 

-51 

59,700 

4-4 

Potassium hv droxide 

50,400 

37,500 

-34 

58,000 

4-4 


° A> erage of eight samples of the sodium salt of Carbopol four samples of the other sails 
t A\ erage of four samples of the sodium salt of Carbopol two samples of the other salts 


measurements w ere used for the ev aluation of the 
added chemicals, since the oxidativ'c changes 
cause a decrease in the v iscositv of Carbopol 934 
gels 

EXPERIMENTAL 

4 14% aqueous dispersion of the acid form of 
Carbopol 934 was prepared in a Waring Blendor 


* R€rcei\ed October 10 10 j 7 from the Uni\ersitj of Cab 
forma School of Pharmac> San Francisco 22 

This stud> was conducted in part under a contract with the 
Armed Services Medical Procurement Agenc> 

t Present address Umvcrsiij of Buftalo School of Phar 
mac5 Buffalo 14 N A 

* A product of B I Goodrich Chemical Company Cle\c 
land Ohio 


and the sodiUm salt of ethylenedninnic tctr.mcctic 
acid All of these agents Ind some stabilizing cf 
feet In the presence of EDTA no viscosity (!<- 
crease occurred during storage, which suggests tint 
trace metals act as cataly sts in the oxidative dig 
radation of Carbopol 934 The lower initial vis 
cosity of the gels containing EDTA is due to tin. 
ionic deswclling which occurs when clcctroly I'-*' 
are added to neutralized Carbopol 934 (1, 2) Thn 
incompatibility of the polymer with electroly F'’ 
prevents the use of ionic antioxid.ints such as so 
dium bisulfite Nordihydroguaiarctic acid, pr'>P>* 
gallate, and ethyl hydrocafit itc had to be discarded 
as antiovidants since these compounds undergo i 
pronounced color change m the solutions of ncii 
tralized Carbopol 9J4 
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Table II.— The ErrEcr or Daylight on the Viscosity or 0.7% Sodium Carbopol 934 Gels in the 

PRrsENCE or Stabilizing Agents® 


Stabilizing Agent 

Butylated Hydroxj anisole'“ 
Monothioglycerol' 

Thiourea 
Ethanol 95% 

Glycerin 

Propylene Glycol 
EDTA 


Concenlralion, 

% 

0 05 
0 5 
0 5 
10 0 
10 0 
10 0 
0 OO-* 


Initial 
Viscosity 
in c p s 

59,900 

56,100 

59,800 

60,600 

64,300 

61,200 

42,200 


Viscosity, 
in c P s , 
after 17 days 
Exposure to 
Daylight 

53,800 

54,100 

56,300 

49,500 

55,600 

53,200 

42,000 


“ Average of tivo samples 1* "Sustane,** Universal Oil 
r “Thiovanol," Esans Chemetics, Inc , Neil York. N v 


Products Co , Chicago, HI 
rf In terms of the acid form 


Change, % 
-10 

- 4 

- 6 
-18 
-14 
-13 

0 


The results of this study show that phannaceuti- 
cal products containing neutralized Carbopol 934 
as the thickening agent undergo signiScant vis- 
cosity breakdown when exposed to light Such 
products must either be packaged in light-resistant 
containers or they must contain suitable stabilizing 
agents 
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The Formation and Structure of the Iron Salt of 
Benzyl Penicillin Procaine Using Infrared 
Spectroscopy* 

By HERMAN A. SZYMANSKI and NICHOLAS PANZICA 


' I ’he formation of coordination compounds 
may be studied using infrared spectroscopy. 
Valuable structural details may be obtained by 
analysis of the absorption bands produced bi"^ 
compound formation. This studj" W'as initiated 
to study the type of bonding and structure which 
is introduced when the metal iron is coordinated 
with ben7,yl penicillin procaine. Since this lab- 
oratotyr was also studying other simple coordina- 
tion compounds, the results could be inter- 
preted using the anal3'’sis suggested by these 
simple slnictures. 

EXPERIMENTAL 

Iron chloride solution nas prepared by adding the 
reagent to anhydrous ethyl ether until a saturated 
solution was produced Anhtdrous sodium sulfate 
Mas added and the solution was mixed nell and then 
centrifuged \Yater content nas checked using 
the Karl Fischer method (1). Iron content was 

•Rcccivci! Nosemher (>. 1S,S7, from Caniiius College, 
Chcmixtr} Depirtment, Biiffalo S, N V 

.Supported in part |iy a Ktaitt from the Research Corpora 
tion, Nc\\ York. N Y 


determined by the 1,10 orthophenanthroline method 
(2). This solution was then stored in a tightly 
stoppered bottle containing a small amount of 
anhydrous sodium sulfate. 

Benzyl penicillin procaine was obtained from the 
Charles P6zer Company, Groton, Conn., and stand- 
ardized at the Arner Company, Inc , Buffalo, 
N Y Microbiological assay was made using the 
method suggested in the Federal Register (3). 

Benzyl Penicillin Procaine Iron.— This was pre- 
pared by several methods, the most successful of 
which Was by dissolving the procaine in chloroform 
and adding ferric chloride solution described pre- 
viously Low temperature increased the yield. 
Ether W'as then added to form a precipitate and 
followed by filtration and washing with ether. 
Iron content, antibiotic activity relative to the 
starting material, melting point, and infrared spectra 
were then determined The product was then re- 
dissolved in methyl alcohol and precipitated again, 
using ether, and the phvsical properties rechcckcd 
The best analysis yielded an iron content of 4 3%, 
m p of 140-144°, and antibiotic acitivity of 105%. 

Apparatus. — The infrared spectra were deter- 
mined on a Baird-Atomic double beam model AB-2 
spectrophotometer. Spectra were run in potassium 
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bromide pellets, as mulls, and in several solvents. 

Discussion of results. — The iron salt of benzj’l 
penicillin sodium has been prepared and anal3’zed 
b\- Jadassohn (4). The iron anah’sis suggested the 
possibility of three moles of penicillin coordinating 
with one mole of iron. Calculations for the com- 
pound prepared in this work indicated that an iron 
content of 4 27'~[ would be the theoretical per cent. 
This compares favorabl3' with the 4.30% obtained 
for this compound. 

The absorption at 5.6 n for penicillin compounds 
has been correlated with antibiotic activit3’ (5), a 
strong absorption indicating large activit3'. Figure 
1 is the spectrum of the cooidmation compound and 
the high absorption at 5.6 ti agrees with the strong 
antibiotic activit3' of this compound. 

The anab’sis of this spictrum has suggested that 
the peaks at 5.93, 7.87, and 8.50 indicate the pro- 
caine portion of the mokcule and ma3' be compared 


band shifts on coordination compound fonnatioii, 
suggesting the iron may be forming an iron penicillin- 
ate. 

The doublet at 4.0 n in the coordination com- 
pound has been under intensive study by this group 
since we have obtained this same band with tertiary 
amine eompounds of arsenic and antimony tri- 
chlorides. The same doublet appears in procaine 
h3'drogen chloride and amine hydrochloride salts 
which have been determined in this laboratoia-. 
These results therefore suggest that the iron has 
produced a linkage of the t3’pe (R-NH2)3 — Fc in 
this compound as a secondary linkage. The pri- 
mary linkage being a bond between the iron and the 
acid group in the penicillin fonning a penicillinate. 
Scale models of this proposed structure indicate the 
geometry would be satisfied by this structure. 

Bands at 6.0 and 6.6 generall3’ indicate mono- 
substituted amides while disubstituted amides show 



ig 1. — Infrared spectrum of the iron salt of benZ3d penicillin procaine in potassium bromide. 



to those obtained for procaine lu'drochloride and 
benz3’l penicillin procaine (Figs. 2 and 3). 

The 6.2 /I band in Fig. 3 is probabh- made up of 
the carbovsdate C=0, pheind group absorption and 
an absorption due to the procaine molecule. This 


bands onl3' at 6.0. In benz3'l penicillin procaine as 
well as its iron compound, no 6.6 band occurs al- 
though most penicillins are monosubstituted amides. 
It is suggested that this band is missing due to h)’- 
drogen bond formation between the N-II normally 
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Fig 3 — -Infrared spectrum of benzyl penicillin procaine. 


causing this absorption at 6 6 ii, and the carbonyl 
oxygen in the ester group of the procaine molecule 
Similarly, the nonexistence of this peak in the iron 
salt suggests the procaine part of the molecule has 
not been disturbed by the iron coordination 

CONCLUSIONS 

The ability to coordinate the spectra of simple 
compounds of similar structure to more complex 


which is present in the spectra of benzyl penicillin 
procaine and its iron salt suggests that this com- 
plex has broken doivn, although the doublet at 
4.0 n is still present, suggesting some type of 
salt structure is present. Spectra of salts using 
ferrous iron and ferric salts of benzyl penicillin 
potassium are ill-defined and suggest considerable 
impurity present This work ivill be continued 
and results will be reported in a later issue. 



ones, such as the compound reported here, has 
made it possible to assign a structure to the com- 
pound. 

It is intended to further use this technique on 
other complex salts. An attempt was made to 
obtain the cobalt salt of benzyl penicillin pro- 
caine. The resulting material showed no anti- 
biotic activity and its spectra suggested some 
breakdown had occurred. The spectra is shown 
in Fig. 4. The absence of a peak at 5.75 fi 


REFERENCES 


(1) The Pharmacopeia ol the United States of America, 
15th rev , Mach Publishing Co , Easton, Pa , 1955, p 940 

(2) U S pat S.RfiO.SI.S 

(3) Fetlcral Register and the Code of Federal Regulations 
Title 2J, Chap 1, Parts HI a, b, c, d, e 

(4) Jadassohn, AV , Ho>moad, P , and Isler, H , Rev med 
Sv.tS5c romande, 67, 788(1947) 

(5) Rrande, C A , and Nachod, P C , “Determination of 
Organic Structures by Phjsjcal Methods,” Academic Press 
Inc , Kew York, 19 >'>, p 2IS 



The Pharmacology of Some 
New Cyclooctylalkylamines I.* 

Vasopressor Activity and the Effect on the Heart Rate 

By RAYMOND J. KAHL, WILLIAM E. JOHNSON, and DAVID W. O’DAY 


Cardiovascular responses to four new cyclooctylalkylamines have been determined 
using dogs as the experimental animals. The compounds tested were /3-cyclo- 
octylethylamine, N-methyl-^-cyclo6ctylethyIamine, /3-cyclooctylisopropylamine, 
and N-methyl-/3-cyclooctylisopropylamine. Epinephrine hydrochloride and two 
structural homologs, Clopane® and Benzedrex®, were used as standards for com- 
parison. The new compounds were found to be somewhat less active as vaso- 
pressor agents than Clopane and Benzedrex when compared with epinephrine 
hydrochloride. All four cyclooctylalkylamines showed an increase in heart rate. 
This increase ranged from moderate to rather marked and was sustained for at least 
four minutes. The vasodepressor activity of the new compounds was found to be 
about the same as that of Clopane and Benzedre.x when these compounds were in- 
jected following the administration of the adrenergic blocking agent Dibenamine.® 


CiNCE the appearance on the market of two 
cycloalkjdalkylamines, namel}^ cyclopenta- 
mine, Clopane containing a five-membered ring, 
and propylhexedrine, Benzedrex, containing a si.x- 
membered niig, an attempt has been made to 
further con elate cycloaliphatic ring size with 
sympathomimetic activity. McCarthy and 
Brown (1 1 prepared four compounds containing 
the sevf u-membered ring tvith the ethylamine 
and isp' lopylamine side chain and their respec- 
tive Is methyl homologs. The pharmacological 
evalu.itron of these compounds is not yet avail- 
able 

V, e are reporting herewith the first of a series 
of papers on the pharmacological evaluation of 
four new amines (2) containing the eight-mein- 


bered ring with two and three-carbon side chains: 
ethylamine (D), X-methylethylamine (E), Iso- 
opvlaminc (F), and N-methylisopropylamine 




\ 


CH — CII— R 
1 

XII— R' 


D, R = R' = H 

E, R = H. R' = CH, 

F, R = CHa, R' = H 

G, R = R' = CII, 


The work herein described dealt with the vaso- 
pressor activity of these eyclooctylalkylamines be- 
fore and after the administration of the adrenergic 
blocking agent Dibenamine. The change in 
heart rate affected by the intravenous adminis- 
tration of these compounds was also recorded. 
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EXPERIMENTAL 

Dogs that ranged from 6.6 to 16.4 Kg. in hotly 
weight and of random sex were used for blood pres- 
sure, respiration, and cardiac rate recordings The 
animals were anesthetized with 45 mg./Kg. of 
intraperitoneal pentobarbital sodium. A total of S 
male and 15 female dogs were used in the detcnniii.i- 
tion of pressor responses to the new compounds and 
to the selected standards. Heart rate recordings 
were obtained on a total of 7 dogs. 

Each anesthetized animal was secured to the op- 
erating table in a supine position. The trachea and 
left common carotid artery were exposed through a 
midline cervical incision. A cannula was inserted 
into the trachea and connected directly to an air 
tambour to record respiratory movements. A glass 
arterial cannula was secured in the exposed common 
carotid artery, and connected directly to a mercury 
manometer b)' means of a polyethylene tube that 
was filled with a 10% sodium citrate solution. The 
solution acted as an anticoagulant to prevent the 
formation of blood clots in the cannula. All the 
intravenous administrations were made tlirough a 
cannula which was secured in the femoral vein. 
The compounds were washed into the circulation 
with 5 ml. of normal saline solution from a buret 
that was connected to this cannula. The heart rate 
was determined by means of a stethoscope and was 
recorded on a rapidly turning kymograph drum. 

Epinephrine HCl in doses of 0.01 mg./Kg. was 
selected as a primary standard for comparison. It 
was administered at the beginning and at the end 
of each experiment to ascertain the reactivity of the 
animal. Clopane and Benzedrex were used as 
additional standards for comparison. Tlicj’ «ere 
administered in doses of 1.0 mg./Kg. calculated on 
the basis of the hydrochloride salt. The new 
amines were given in doses of 1.0 mg./Kg. calcu- 
lated on the basis of the free amine but were ad- 
ministered as the hydrochloride salt. 

Dibenamine in doses of 15 mg./Kg. was used as a 
sympathetic blocking agent to determine if the v.iso- 
pressor activity of the new compounds could lie 
reversed by sucli an agent. After the adiniriistr.i- 
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tion of Dibenamine, forty-five to sixty minutes were 
allowed to elapse before the injection of this amine. 
This procedure permitted sufficient time for a sj'm- 
pathetic blockade to be established. 

In all cases the blood pressure was allowed to 
return to a constant level before another test com- 
pound was administered. This level of blood pres- 
sure corresponded favorably to the normal blood 
pressure of the animal. 

RESULTS AND DISCUSSION 

Table I contains the pressor responses, showing 
the elevations in pressure, as expressed in mm. of 
Hg, that were produced in dogs by the intravenous 
administration of the new compounds and the stand- 
ards. It should be noted that all the compounds 
tested were less than 0.0072 times as active as pressor 
agents as was epinephrine HCl under the conditions 
of the e.\periments. The pressor activity of these 
compounds shows that they decrease in potency in 
the following order: epinephrine HCl, Clopane 
HCl, Benzedrcx HCl, N-methyl-d-cyclo6ctyliso- 
propylamine, /3-cyclo6ctylethylamine, N-methyl-/?- 
cyclooctylethylamine, and d'Cyclooctylisopropyla- 
mine. Figure 1 shows kymograph recordings of 
typical pressor responses that were produced on 



Fig. 1. — Tiipical pressor responses produced on 
dogs by the intravenous injection of the hydro- 
chloride salt of the following compounds: A = 
Epinephrine HCl, 0.01 mg./Kg.; B = Clopane 
HCl, 1.0 mg./Kg.; C = Benzedrex HCl, 1.0 mg./ 
Kg.; D = d-cyclooctylethylaminc HCl, 1.0 mg./ 
Kg.; E = N-methyl-fi-cyclooctylcthylaminc HCl, 
1.0 mg./Kg.; F = ^-cycloOctylisopropylamine HCl, 
1.0 mg./Kg.; and G = N-raethyl-l3-cyclo6ctyl- 
isopropylaniinc. Each division on the vertical 
scale equals 10 mm. of Hg, and each division on the 
horizontal scale is equivalent to one minute of 
elapsed time. 


dogs by the intravenous administration of these 
compounds. 

Clopane usually produced the most prolonged 
pressor responses. The duration of activitj- of the 
remaining compounds decreased in the following 
order; N-methyl-l3-c3'clo6ctylisopropylamine, Ben- 
zedrex, /3-cj'clo6ctj'lisopropj-lamine, B-c.vclo6ctyl- 
ethylamine, N-methyl-d-cj'clooctylethrdamine, and 
epinephrine HCl. Table H contains the individual 
and average readings for the duration of pressor 
action on each animal. The table also presents 
averages for each drug when tested on a number of 
animals. 

Intravenous administration of Dibenamine HCl 
reversed the pressor action of all the new com- 
pounds and the standards. This particular phase 
of the evaluation was performed on a limited num- 
ber of animals, and onlj’ a qualitative determina- 
tion can be reported. Figure 2 contains kj'mo- 



administration of the adrenergic blocking agent 
Dibenamine. A = Epinephrine HCl. 0.01 mg./Kg., 
B = Clopane HCl, 1.0 mg./Kg., C = Benzedrex 
HCl, 1.0 mg./Kg. D = (S-Ci'clo6ct}’lethj'lamine 
HCl, 1.0 mg./Kg. E = N-methyl-/3-cyclo6ct\’lethj’l- 
amine HCl, 1.0 mg./Kg., F = ^-cyclodctylisopropj'l- 
amine HCl, 1.0 mg./Kg., and G = N-methyl-j3- 
cj'clooctylisopropylamine. Each division on the 
vertical scale equals 10 ram. of Hg, and each divi- 
sion of the horizontal scale is equivalent to one 
minute of elapsed time. 


graph recordings of depressor responses that were 
obtained by the administration of the test com- 
pounds after the administration of Dibenamine 
HCl. 

Respiratory responses to the 1.0 mg./Kg. doses 
of the new compounds were not uniform. Only 
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minor variations in the respiratory rate and ampli- 
tude could be detected. 

The figures in Table I reveal a striking difference 
m tlie tachyphylaxis produced bj- the cyclodct 5 -l- 
alkrlamines when compared with Clopane and 
Benzedrex. The inability of subsequent doses to 
produce a response approximating the initial pressor 
reaction was much more pronounced in the case of 
Clopane and Benzedrex. 



Fig. 3. — Changes in heart rate produced on dogs 
by the intravenous injection of the standards and 
the cyclooctylalkj lamines. The dose in each case 
was i.O mg./Kg., except epinephrine HCl which 
was 0.01 mg /Kg. A = Epinephrine HCl, B = 
Clopane HCl, C = Benzedrex, D = /3-c}xIooctyl- 
cthylamine, E = X-methyl-3-cyc!ooctylcthylaminc, 
F = ^-eyclooctylisopropylamine, and G = X- 
methyl-0-cyclooctylisopropylamine. The horizontal 
lines aeross the figure represent the normal heart 
rate in each case. Displacement of the curves above 
and below these lines represent an increase or de- 
crease in heart rate respectively. Each division on 
the vertical scale represents a change in heart rate 
of 5 beats per minute. Each division on the hori- 
zontal scale at the bottom of the figure equals an 
elapsed time of thirty seconds 


Heart rate changes that resulted from the ad- 
ministration of the ex'aluatcd compounds are 
graphically presented in Fig. 3. P-Cyclooctyl- 
ethylamine was found to be the most potent cmdiac 
accelerator of the new compounds. Clopane and 
Benzedrex were slightly less potent. The remaining 
three cyclooctylalkylamincs were considerably less 
active than any of the other compounds that were 
tested. 


SUMMARY 

1. Certain cardioxmscular responses to four 
recently synthesized sympathomimetic amines 
(N-methyl-/3-cyclobctylethy]amine, d-c}'clooctyl- 
ethylamine, N -meth 3 d-^-cyclo 6 ct)’lisopropyl- 
amine, and /3-cyclo6ctylisopropylamine) have 
been evaluated on dogs. Epinephrine HCl, 
Clopane HCl, and Benzedrex HCl were used as 
standards for comparison. 

2. The compounds can be listed in order of 
decreasing pressor potency as epinephrine HCl, 
Clopane HCl, Benzedrex HCl, N-niethyl-^- 
C 3 'clo 6 ctylisoprop 3 ’lamine, j3-C3'clooctylethyl- 
amine, N-methyl-j 3 -cyclo 6 ct 3 'lethylamine, and j3- 
cyclo 6 ct 3 ’Hsopropylamine. 

3. When listed in order of decreasing duration 
of action, the compounds are arranged as Clo- 
pane HCl, N-methyl-jS-cyclooctylisopropylamine, 
Benzedrex HCl, ^-C 3 'clo 6 ctylisopropylamine, ^- 
cyclooctylethylamine, N -methyl-; 8 -cyclodctyl- 
eth 3 damine, and epinephrine HCl. 

4. The sympathetic blocking agent, Diben- 
amine HCl, reversed the pressor action of all the 
new compounds and the standards. 

5. The new compounds produced no signifi- 
cant changes in respiratory rate and amplitude 
in the 1.0 mg./Kg. doses that were used. 

6 . The new compounds produced consider- 
ably less tach 3 'phylactic effect on blood pressure 
than did Clopane HCl and Benzedrex HCl. 

7. In 1.0 mg./Kg. doses the compounds pro- 
duced cardiac accelerator activity in the follow- 
ing order of decreasing potency: d-cydooctyl- 
eth 3 'lamine, Clopane and Benzedrex, N- 
meth3'l-j3-c3xlodctyleth3damine, N-methyl-^-cy- 

clo6ct3disoprop3damine, and/3-c3'clo6ctylisoprop3’!- 

amine. In 0.01 mg./Kg. doses epinephrine HCl 
was about equal in cardio-accelcrator potcnc 3 ' to 
the 1.0 mg./Kg. doses of Clopane and Benzedrex. 
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Tragacanth Solutions 1. 

The Relation of Method of Preparation to the Viscosity and Stability* 

By GERHARD LEVYf and T. W. SCHWARZ 


Various factors which influence the viscosity of tragacanth solutions are discussed. 
The effects of homogenization and heat on solutions of the gum are reported. The 
degree of initial hydration of the gum is related to the viscosity changes that occur 
during aging. This viscosity may first increase and then decrease, or it may solely 
decrease. Studies of the viscosity changes that occur over relatively long periods of 
time show that the magnitude of such changes may be predicted by methods which 
are outlined in this paper. 


'^RAGACANTH is the dried gummy exudation 

from Asiatic species of Astralagiis (Fam. 
Legumiiiosae). It is a hydrophilic colloid of 
carbohydrate nature (1, 2). One of the oldest 
gums known to man, it was described by Theo- 
phrastus several centuries before Christ; and it 
has been official in every' edition of the United 
States Pharmacopeia since 1820. 

Tragacanth has a long history and even today 
it is one of the most important gums used in 
pharmacy. It is employed as a thickening, sus- 
pending, and stabilizing agent in jellies, water- 
soluble ointments, emulsions, suspensions, and 
mucilages. It is used in ephedrine sulfate jelly' 
N. F. X, in methylrosaniline chloride jelly, N. F. 
IX, in thimerosal jelly N. F. IX, and in a large 
number of nonoffidal products. The fact that 
six out of the seven contraceptive jellies listed 
in New and Nonofficial Remedies 1955' include 
tragacanth as a thickening agent, is an indication 
of its wide acceptance in industry'. The present- 
day importance of the gum is evidenced by two 
recent reports from the laboratories of major 
pharmaceutical houses (3, 4) which use it as the 
thickening and suspending agent in new drug for- 
mulations. 

Despite the time-tested qualities of tragacanth, 
it shares some of the disadvantages inherent in 
the use of all natural gums. It is a relatively 
crude natural product, whose chemical constitu- 
tion and thickening capadty' are influenced by' 
climatic changes and methods of harvesting. 
Consequently’, products that contain tragacanth 
as the thickening agent may' vary’ in consistency 
and in aging characteristics (5-10). 

Numerous investigators have reported that the 


* Received October 1-1, lOo", from the University of Cali- 
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viscosity' of tragacanth solutions is influenced by' 
the method of preparation, pH, and storage tem- 
perature. The gum appears to be composed of 
two different constituents, one soluble in water, 
the other swelling but not dissolving in water 
(11). Many investigators found that the vis- 
cosity of tragacanth solutions increases markedly' 
with time (1, 7-10, 12). Chambers (13) attrib- 
uted this viscosity increase to a slow process of 
hydration. He regarded a recently prepared 
solution as being only partially hydrated, consist- 
ing of incompletely hydrated globules, which may 
be likened to the discontinuous phase of a two- 
phase system dispersed in a continuous phase of 
dissolved and hydrated material. In time, some 
of the swollen particles of the discontinuous phase 
go into solution, while the already dissolved gum 
sloAvly undergoes degradation (14). 

The two processes, hydration and degradation, 
which occur simultaneously during aging, result 
in viscosity changes that have been difficult to 
predict and which have made the commercial 
preparation of tragacanth solutions with uniform 
properties a somewhat specialized and empirical 
endeavor. 

Since most freshly prepared tragacanth solu- 
tions are only partially hydrated, their viscosity 
rvill rise as hydration proceeds. IVhen the 
“depot” of nonhydrated gum is exhausted, no 
further viscosity increase will occur. Simul- 
taneously, the hydrated gum undergoes degrada- 
tion. As more gum goes in solution, it too un- 
dergoes degradation. Thus the viscosity de- 
crease due to breakdown gradually exceeds the 
viscosity increase due to continuing hydration. 
Wffien the rate of hydration equals that of de- 
gradation, the viscosity of- the- solution remains 
constant; and during this phase of the aging 
process the viscosity will be at its maximum. 
After tragacanth is ftilh' lydrated, the viscosity 
begins to decrease markedly because the con- 
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tinning degradation of the gum is no longer offset 
b% further In dration 

This stud^ i\as undertaken to attempt the 
e\aluation of the factors that contnbute to the 
h\ dration as \iell as to the degradation of traga- 
canth in aqueous solution Solutions in which 
the gum is completeh hj draicd )'et little decom- 
posed should evhibit the highest t iscosity Thus, 
if the degree of h) dration could be regulated with- 
out causing simultaneous degradation, it should 
be possible to prepare solutions in which the fol- 
lowing properties mai be controlled and ad- 
justed to the specific reiiairements of the product 
(a) initial i iscosity , (6) maximum i iscosity 

which the preparation will attain, (c) the time 
at which the MScosit\ is fairly constant wdiether 
initiallj , or after var\ ing periods of storage, (d) 
the length of time dunng which a minimum 
efiectne viscosiU is maintained 

These properties are of great importance in 
pharmaceutical formulation For this reason, 
the mtestigati n aimed at developing a method 
for obtaining maximum hydration of tragacanth 
with little or no simultaneous degradation Two 
mam appro hes were followed homogenization 
(mechanic"’ 1 treatment) and application of heat 

In addi m accelerated aging tests were carried 
out on ragacanth solutions prepared by dif- 
ferent r thods in order to obtain further knowl- 
edge a ut the effect of such procedures on the 
long 1 m \ iscosity changes of the gum 

EXPIRIMENTAL 

1 reparation of Samples — All samples were pre 
pared w itli tragacanth gum, U S P ribbon No 1 
1 111. Milutions Were prepared by adding the gum to 

H) ml ijortions of prescr\ ed w atcr (methj Iparabcn, 
S P , 0 1 %, prop\ Iparaben, U S P , 0 025%, 
libtillcd water q s ) contained in an eight ounce 
wide mouth glass jar The samples were then 
igitatcd bj a mechanical shaker for twentj four 
hours 

Viscosity Measurement. — Samples of the traga- 
canth solutions w ere placed in 50 ml centrifuge 
tubes and occluded air was rcmo\ed b\ centrifuga 
tion at 2,000 r p m for ten minutes The samples 
were then brought to a temperature of 25" ±0 5" 
in a constant temperature bath The Mscositj was 
determined with the Brookfield Sj nchro Lcctric 
\ iscometer. Model EVE, using spindle Iso 4 at 
0 r p m Re idmgs were taken after ten minutes 
of spindle rotation 

Homogenization — Homogenizations were cirricd 
out with a single piston li ind homogenizer- or with 
a Charlotte Colloid Mill, Model A The clearing 
111 each piece of equipment w is kept constant the 
nozzle on the hind homogenizer was kept one turn 
short of being completeh tightened and the clear 
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aiice on the colloid null was acljiistcd to OOO’i 
inches 

Stabihty Test. — Stabihte tests were nude b\ 
storing the samples in eiglit ounce gl iss jars at a 
temperature of 50° ± 1° Samples were remoied 
periodically and their Mscositj was determined 
after storing for twentj -four hours in a water bath 
at 25" 

All experiments were carried out in duplicate and 
the data in the graphs are a\ crage a alues 

RESULTS AND DISCUSSION 

The Effect of Homogenization. — A 1 5% tr iga 
canth solution prepared two dajs earlier was passed 
repcatcdlj through a hand homogenizer Samples 
were collected after each passage and the \iscosit\ 
of these samples was determined after twent) hnir 
hours, as previously described 

Another solution of 1 5% tragacanth was pissed 
repeatedly through a colloid mill Simples were 
collected after each passage and their \iscositj was 
determined tw entj -four hours later The results 
are shown 111 Fig 1 



Fig 1 — The effect of hnniogcniz ition on the us 
cositj of a 1 5% tragacanth solution 


The grajih nidicitcs the \iseositj inereise of the 
tragacanth solutions as a result of homogcni/ ition 
Both solutions ceentually reached the same us 
cositj plateau, where additional passages through 
the hand homogenizer or the colloid mill c luscd no 
further viscosity change It is significant that the 
solution which was passed through the hind ho 
mogcnizer reached a viscositj peak before attainiiig 
the constant low er viscosity lev cl 

The effect of homogeniz,ition in mere isiiig die 
Mscositj of tragacanth solutions has been prev lotislj 
reported (13, 15) but as far as the authors could 
establish, this is the first instance in which the it 
tainincnt of a viscositj pi iteau after repe ited ho 
inogcnizalions is described 

It IS iniiiortant to note th it the solution which 
underwent tre-itinent with a hind hoinogi iii/tr 
rc.ielied tlic s ime viscositj pi itcail .is the sohilion 
which was subjected to she ir bj the colloid mill 
The honiogeniz ition of tr ig ic.intli sohilions 
causes a reduction in the si/c of the disiierstil 
globules of p irti ill} hjdr.ited gum The niereised 
surface area exposed to the water brings about a 
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greater hydration of the gum and as a result the 
viscosity of the solution is increased. It has been 
found previously and follows from basic concepts of 
colloid chemistn,' that, for example, milk ana 
suspensions increase in viscosity as a result of o- 
mogenization. Philippoff (16) attributes this effect to 
a better solvation of the particle as a consequence 
of particle size reduction. It is likely that the same 
considerations apply to the effects of the homogeni- 
zation of tragacanth solutions. 

The presence of the hump in the viscosity curve 
of the solution which was passed through the hand 
homogenizer introduces an interesting problem of 
interpretation on the nature of the interaa! struc- 
ture of tragacanth solutions. Philippoff (16) states 
that mechanical treatment of gel-forming substances 
may cause a decrease in their viscosity. Such a de- 
crease may be partly reversible and partly irrevers- 
ible. He distinguishes between “labile” structural 
viscosity and “stable" structural viscosity. The 
former is sensitive to mechanieal treatment while 
the latter is not. 

The hump, which is evident in the viscosity curve 
of the solution which was passed through the hand 
homogenizer, may be an indication of "labile" 
structural viscosity. Several passages through the 
hand homogenizer were required to completel}' de- 
stroy this “labile” component. On the other hand, 
the absence of the viscosity hump in the solution 
which was passed through the colloid mill may be 
attributed to the much more severe mechanical 
treatment which that solution underwent. Evi- 
dently, the labile component was completely de- 
stroyed by the first passage through the colloid mill. 

Considering the chemical nature of tragacanth, a 
compound of high molecular weight containing many 
polar groups, it is possible that mechanical treat- 
ment maj’ cause a rupture of hydrogen-bonds which 
bind the gum molecules to each other. Once such 
bonds are broken, water molecules may replace gum 
molecules so that individual gum molecules are 
bound to water alone instead of to each other. 
After the “labile” viscosity component was thus 
destroyed, only the “stable” viscosity component 
remained, which apparently is not affected by the 
mechanical treatment and which accounts for the 
viscosity plateau. 

The Effect of Heat.— The effect of subjecting 
tragacanth solutions to graded amounts of heat in 
the course of their preparation is shown in Fig. 2. 
In this experiment, beakers containing 200 ml. of 
preserved water were placed in a boiling water bath. 
When the preserved water began to boil, the trag- 
acanth was added and the solution was agitated 
with an electric stirrer. After boiling the solutions 
for the indicated periods, they weie removed from 
the water bath and permitted to come to room tem- 
perature. The water lost by evaporation was then 
replaced, the solutions were agitated in a mechanical 
shaker for two hours, and placed in a water bath at 
25°. On the next day, the viscosity of the solutions 
was deteniiined in the usual manner. 

The graph shows that boiling for periods longer 
than fifteen minutes caused a considerable decrease 
in the viscosity of the solutions, which indicates more 
pronounced degradation than hydration. Since 
at least thirty minutes of boiling were required to 
dissolve the tragacanth ribbons, it is obvious that 
the aiiiilication of sunicieiit heat to expedite solu- 


tion results in considerable degradation of the gum. 

Tragacanth solutions subjected to graded amounts 
of heat were repeatedly passed through the hand 
homogenizer as previously described. Their vis- 
cosity was determined after each homogenization. 
The results are presented in Fig. 3. The solutions 
that had been heated for the longest period of time 
had the lowest viscosity plateau. Their initial 
viscosity hump also became less evident and dis- 
appeared entirely in the sample that was heated for 
sixty minutes. 



Fig. 2. — The effect of heat (100°) used in the prep- 
aration of 1.5% tragacanth solutions on their 
viscosity. 


These observations illustrate the effect of heat 
on both the “labile” and "stable” structural viscos- 
ity of tragacanth. Heat has probably three effects; 
it causes degradation of the gum, it ruptures hydro- 
gen bonds, and it increases the rate of hydration of 
tragacanth. Obviously, the lowering of the vis- 
cosity plateaus in the heat-treated solutions reflects 
the known chemical degradation of the gum by heat. 



Fig. 3. — The effects of heat and homogenization 
on the viscosity of 1.5% tragacanth solutions. 



454 


Journal of the American Pharjiaceutical Association 


Vol. XVLII, Xo. 0 


Gralen and Karrholm (14) were able to show this 
degradation by determining the average molecular 
weight of tragacanth in solution before and after 
boiling. They report an average molecular weight 
change from 840,000 to 550,000 in the samples 
which they had boiled for thirty minutes. After 
boiling a tragacanth solution for three hundred and 
thirty minutes, the average molecular weight was 
reduced to 350,000. 

The rupture of hydrogen bonds between gum 
molecules b>’ heat is probably responsible for the de- 
creasing prominence of the viscosity hump. 

Some reports appearing in the literature state 
that short periods of boiling, usually two to fifteen 
minutes, increase the viscosity of tragacanth solu- 
tions (14-16). These arc examples of the use of 
heat to increase the rate of hydration. It is quite 
probable that small increments of heat may pro- 
mote the hydration of tragacanth while having only 
a negligible degradative effect. However, a num- 
ber of variables must be taken into consideration 
here, such as the amount of heat applied, the ratio 
of hydrated to unh> drated gum at the time heating 
was instituted, and the volume of the solution. 
Such variables account for the almost unpredictable 
effect of heat on tragacanth solutions. 

At least one investigator (17) concluded that the 
application of heat to tragacanth mucilage to in- 
crease viscosit> must be rejected. 

The Effect of Aging. — The mechanism of the vis- 
cosity changes which tragacanth solutions undergo 
during aginc was discussed in the beginning of this 
paper. Figure 4 shows the viscosity curve for ho- 
mogenized. nonhomogenized, and “half-homogen- 



Fig. 4. — The effect of homogenization on the 
aging characteristics of 1.5% tragacanth solutions 
(storage temperature 50°). 


ized” solutions of tragacanth which were kept at 
50°. The homogenized solution was passed twice 
through a hand homogenizer to reach the viscosity 
peak. The “half-homogenized" solution was made 
by mixing in a large jar equal parts of homogenized 


and nonhomogenized gum. The graiih indicates 
that the viscosity of the homogenized solution, 
after a very small initial increase, showed veiy little 
change for about two weeks. After twenty-one 
days, the viscosity began to decrease rapidly. Since 
the initial viscosity of the solution showed very little 
further increase, it can be assumed that the gum 
was almost completely hydrated by homogenization. 

The viscositj^ of the nonhomogenized gum in- 
creased with time as expected. It reached a maxi- 
mum in thirty-one days at 50°. From then on the 
viscositj' began to decrease. 

The “half-homogenized” solution illustrates how 
controlled partial homogenization may be used to 
obtain intermediate viscosity effects. The magni- 
tude of the viscosity changes that occurred in the 
test period was much smaller with the “half-homoge- 
nized” gum than with the other two solutions. 

These observations suggest that methods for pre- 
paring aqueous tragacanth solutions may be speci- 
fically designed to obtain products of different sta- 
bility characteristics. 

Solutions intended for relatively short storage 
periods may be completely homogenized. Such 
solutions will show no significant viscosity gain and 
little viscosity decrease for some time. 

Solutions intended for long periods of storage may 
be prepared by dissolving the tragacanth in cold 
water without subsequent homogenization. Sucli 
solutions increase in viscosity on aging. A vis- 
cosity drop occurs only after relatively long periods 
of time. The approximate maximum viscosity 
which such solutions can reach, may be predicted 
by homogenization of a sample. 

Solutions intended for intermediate periods of 
storage may be partially homogenized. The vis- 
cosity changes of such solutions may be regulated by 
varying the ratio of homogenized to nonhomogenized 
gum in accordance with previously stated consider- 
ations. 
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The Role of Residual Calcium in the Viscosity 
Changes of Sodium Alginate Solutions* 

GERHARD LEVYt and T. W. SCHWARZ 


The marked viscosity increase of most sodium alginate solutions after freezing and 
thawing is due to and proportional to the aniount of residual calcium present. The 
rheological character of such solutions is also altered as a result of freezing. Se- 
auestering agents and polyols affect the initial viscosity and modify the effects of 

freezing. 


T he authors have recently reported (1) that 
solutions of a type of sodium alginate exhibit 
a marked viscosity increase after freezing and 
thawing. This behavior, which is apparent in 
most commercial types of sodium alginate, was 
found to be absent in highly purified material, 
which had a very' low calcium content (2). This 
report presents the results of an investigation of 
the role of residual calcium in the viscosity 
changes of sodium alginate solutions, especially 
after freezing and thawing. 

The mayor manufacturing processes for sodium 
alginate involve the precipitation of calcium al- 
ginate by addition of a soluble calcium salt such 
as calcium chloride to the crude algin. The cal- 
cium alginate is subsequently converted to al- 
ginic acid and then to sodium alginate (3, 4). The 
sodium alginate of commerce contains varying 
amounts of residual calcium, depending, among 
other factors, on the number of washings of the 
alginate with hydrochloric acid solution and the 
origin of the kelp. Since the severity of the ex- 
traction process required to obtain highly purified 
sodium alginate reduces the thickening capacity 
and increases cost, most commercial products 
contain appreciable amounts of residual calcium. 

EXPERIMENTAL 


Materials. — Elve types of pharmaceutical grade 
sodium alginate obtained from three different manu- 
facturers were used in this study. Since most manu- 
facturers produce several different types of sodium 
alginate, no further reference to the source is made. 

Methylparaben and propylparaben were U. S. P. 
grade, wliilc tlic remaining chemicals were of reagent 
grade. 

Preparation of Solutions. — Solutions of sodium 
alginate were prepared by sprinkling the powder on 
80% of the required amount of preserved water 
(0.1% methylparaben and 0.025% propylparaben 
in distilled water) agitated in a Waring Blcndor. 
The solutions were sheared at a definite rate for 
ten minutes. 

Any other component of the solution was dis- 
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solved in 20% of the required amount of preserved 
water and added to the sodium alginate solution. 
The samples were then placed on a mechanical 
shaker for one hour and stored for three days at 
room temperature after which the viscosity was de- 
termined. When a buffer was used, it was pre- 
dissolved in the preserved water to which the so- 
dium alginate powder was then added. 

Viscosity Determinations. — ^l^iscosity measure- 
ments were made with the Brookfield Synchro- 
Lectric Viscometer, Model LVF. A No. 4 spindle 
was used for viscosities above 5,000 c. p. s. and a 
No. 3 spindle for viscosities less than 5.000 c. p. s. 
The measurements were made at six r, p. m. after 
ten minutes of spindle rotation on samples which 
had been adjusted to a temperature of 25° ± 0.5° 
in a water bath. 

Freezing. — The solutions were stored for twenty- 
four hours in the freezing compartment of a refrig- 
erator at a temperature of —16° dr 1°. They were 
permitted to thaw at room temperature for twenty- 
foiu: hours and placed in a water bath at 25° for 
two hours before the viscosity was again determined. 

Calcium Determination.' — Calcium determina- 
tions rs'ere made with a flame spectrophotometer 
similar to one described by MacIntyre (5). Cal- 
cium absorption was measured at 423 m^j in order 
to avoid interference by sodium. All samples were 
previously digested with sulfuric and nitric acids. 
The calcium content of sodium alginate is reported 
in terms of the dried powder. 

Loss on Drying. — The procedure used was that 
of the National Formulary, Tenth Edition, for so- 
dium alginate. 

Per cent concentration of sodium alginate is re- 
ported here, however, in terms of “wet” weight, i. e., 
before drjdng. 


RESULTS AND DISCUSSION 


Table I shows the calcium content of the various 
types of sodium alginate used in this study as well 
as the viscosity changes after freezing and thawing. 
The results indicate that the viscosity increase of 
sodium alginate solutions after freezing and thaw- 
ing is proportional to the amount of calcium pres- 
ent. 


Figure 1 represents the effect of adding increasing 
amounts of sodium etliylenediamine tetraacetic 
acid solution (pH 8.3) to a l,37o solution of a type 
of sodmm alginate containing 1.3% residual cal- 
emm^ (Pr oduct A in Table I). The solution ivas 
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Table I — The Effect of Residual Calcium on the Viscosity Changes of Sodium Alginate Solutions 

AS A Result of Freezing and Thawing 



Solu 

tion 

- — Per cent Calcium Content — 

Loss on 

^ — Viscositj 

in c p s ^ 



u \ 

Manufacturer b 

Expert 


Before 

After 

After/ 

Product 

% 

Data® 

mental^ 

% 

Freezing 

Freezing 

Before 

A 

2 

1 5 

1 3 

8 7 

32,700 

87,000 

2 7 

B 

2 

1 to 1 5 

1 0 

7 5 

25,900 

50,200 

2 2 

C 

3 

0 5 

0 55 

14 0 

44,750 

78, GOO 

1 S 

D 

4 

0 2 

0 15 

12 2 

42,800 

44,200 

1 03 

E 

3 

‘‘Low Ca ’ 

0 098 

13 7 

24,400 

24,000 

0 OS 


Approximate data A and D in terms of CaO t As Catr based on dried alginate r Atcrage of four samples 
d Aterage of two determinations 


adjusted to a pH of 8 i with diethj Ibarbiturate 
buffer of 0 1 M total coiieentratton to mamtam con- 
stant sequestering cajiacity The arron on the 
graph indicates the pi int at nhich all the calcium 
should be sequestered as calculated on the basis of 
the assaj ed calcium content 

The results short tliat solutions of sodium alginate 
belott a minimal cr uccntration of unsequestered cal- 
cium undergo no \ iscositj increase due to freezing, 
and that EDTA can be used to prevent such v-is- 
cositv changes or sodium alginate solutions contain- 
ing more than the minimal amount of residual cal- 
cium The addition of sodium citrate or sodium 
he\amctapho'-i)hate instead of EDTA produced the 
same effect 

Figure 2 illustrates the effect of increasmg con- 
centrations if calcium acetate on the viscosities of a 
2'^c solutic n of a type of sodium alginate contaming 
onlj 0 09S‘ c residual calcium (Product E in Table I) 
W hile SI all amounts of added calcium have prac- 
ticallj I effect on the viscosity before freezing, they 
cause I considerable \ iscosity increase after freezing 
and thawing 

It ippears that the calcium residue in sodium 
algii ate is present partlj as calcium alginate and 
parilv in the form of soluble salts Gomez (6) was 
able to remove part of the calcium bj dialvsis. indi- 
cating the presence of calcium not bound to alginate 
On the other hand, the presence of calcium m the 
funn of calcium alginate is indicated bv the decrease 
in V iscositv with the addition of increasing amounts 
of EDTA III sodium alginate solutions containing 
residual calcium (Fig 1) This can onlj occur if the 
chelating agent substitutes sodium for the calcium 
which IS bound as alginate The result of tins sub- 
stitution is a decrease in the degree of cross-linkmg, 
which Is characteristic of calcium alginate 

The V iscositv change cannot be ascribed to an 
electrov iscous effect since the concentration of 
buffer in the solution was sufficient to obliterate this 
effect A further support for this assertion is that 
the addition of EDTA to a solution of highlv puri- 
fied, unbuffered sodium alginate (0 03‘~‘c Ca) caused 
novi'Cositv change whatsoever 

\s solutions of sodium alginate undergo freezing 
and pure ice separates from the solution, the effec- 
tiv c conccntratinn of calcium present m soluble form 
IS increased The equilibnum 

2 Xa alginate -“- Ca'^'^ ^ Ca (alginate); -f 2 Xa* 

Is shifted to the right according to the mass law 
This increase m calcium aigm itc concentr itioii 
causes a greater degree of cross linking which, m 
turn, re -lilts m a higher v e-cositv of the solution 



Fig 1 — The effect of EDTA on a 1 3% solution 
of sodium alginate containing 1 3% residual calciiini 
(Average of three samples ) 



Fig 2 — The effect of added calcium on a - /r 
solution of sodium alginate of low calciiini conteii 
(0 COS'), ) ( \v crage of four s imples ) 
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After thawing, there is a gradual reversal to the 
previous equilibrium, but this takes place at a very 
slow rate ( 1 ). 

A further indication that the viscosity increase 
as a result of freezing is due to a concentration of 
calcium can be seen in the effect which variation 
of freezing temperature has on the viscosity in- 
crease. A solution of sodium alginate which ex- 
hibited a viscosity increase of 94% after freezing 
at -16° had a viscosity increase of only 28% after 
freezing at —2 5°, a temperature at which less ice 
will crj'stallize out of solution 

In a previous paper (1), it was shoivn that the 
presence of glycerin or propylene glycol in sodium 
alginate solutions containing residual calcium re- 
sulted in a smaller or no viscosity increase after 
freezing and thawing; also, that sodium alginate 
solutions containing large amounts of added cal- 
cium salt showed a negligible viscosity change 
after freezing and thawing. In both cases there 
was an increase in the initial viscosity w’hich made 
any effect of freezing less noticeable. The presence 
of the hydrophyllic polyols results in a partial de- 
hydration of the sodium alginate, probably fol- 
lowed bv greater association of the alginate mole- 
cules with each other through hydrogen bonds 
Furthermore, the presence of polyols lowers the freez- 
ing point and; therefore, the enrichment of cal- 
cium in the solution due to separation of ice is less 
than in the absence of polyols, provided the tem- 
perature is the same. 

In the case of sodium alginate solutions contain- 
ing large added amounts of calcium, sufficient cal- 
cium alginate is formed to give a high degree of cross- 
linking of alginate molecules Thus freezing would 
have little or no further effect on the viscosity 

The formation of calcium alginate in a solution of 
sodium alginate changes not only the viscosity but 
also the rheological characteristics of the solution. 


While solutions of pure sodium alginate behave like 
pseudoplastic liquids (7), the presence of calcium 
alginate in such solutions produces a thixotropic 
system (8) 

The freezing of sodium alginate solutions con- 
taining residual calcium causes a twofold change; 
the ratio of calcium alginate to sodium alginate is 
increased; and an essentially pseudoplastic system 
becomes markedly thixotropic. Although the 
Brookfield Viscometer does not lend itself to a 
quantitative measurement of thixotropy, it w as pos- 
sible to perceive the presence of a thixotropic com- 
ponent by the decrease in the apparent xdscosity as a 
result of prolonged spindle rotation. 

It should be pointed out that the marked viscosity 
increase of sodium alginate solutions, containing re- 
sidual calcium, upon freezing and thawing cannot be 
considered a thixotropic sol-gel transformation. 
Thixotropic transition must be isothermic, yet the 
sol-gel change of the solution requires freezing 
The change is actually a chemical transformation of 
part of the sodium alginate to calcium alginate, 
which imparts the characteristic rheological be- 
havior of the latter to the system. Any interpre- 
tation of the viscosity data reported here must take 
into account this change in rheological properties. 
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Quantitative Determination of a Series of Malonic 
Esters by Gas Chromatography* 


By J. B. TEPE and H. J. WESSELMAN 


Gas chromatography offers a convenient, 
rapid, and accurate method for analyzing a 
number of malonic esters which previously 
w'ere determined less accurately by other 
physical methods. 


"pOR MANY years, the production of malonic 
esters was controlled by means of specific 
gravity or refractive index measurements. While 
these methods are reasonably satisfactory for 
pure compounds or a binary mixture, they fail 
when applied to mixtures containing three or 
more components. 

• Rcccwcd Noiembcr 29, 1957, Irom Eli Lilly and Com- 
piny, Indmnapoh*;, Ind 

^ The authors wish to thank Mr R W Bridges for prepar- 
pure samples of the malonic esters used in this work, and 
Mr L Jj Seaj for assaying the standard mixture ot malonic 


With the advent of gas chromatograph)^, it 
was found highly desirable to apply this tech- 
nique as a control in the production of malonic 
esters.* Using this method, a mLxture of sLx 
esters can be determined simultaneously. This 
technique was first introduced by James and 
Martin (1) and has been used C-xtensively and ap- 
p’ied to a wide range of compounds. Books by 
Phillips (2) and Keulemans (3) give a verj^ good 
discussion of the field of gas chromatography 


experimental 

Apparatus.-Gas Chromatograph.-Burrell 

Yomo-Tog, Mcrfei K-2. Column -150 x 0 S-cm 
glass column with integral heating coil. Column 
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packed with 20*^ ('v/w) Linde Silicone Oil L-46 
( 12,500 Centistokes) on Celite C-44857 and operated 
at 220°. Carrier Gas — Helium at an inlet pressure 
of S lb /sq in and atmospheric pressure at outlet. 
Flow rate 50 ml /min Pipette — Agla Micrometer 
Syringe, Sample size, 0 01 cc. 

Pure samples of the esters to be studied were pre- 
pared by laboratory fractional distillation These 
samples uere chromatographed on various station- 
ar>' phases Of these, petrolatum, tri-wi-cresyl 
phosphate, and silicone oil proved satisfactorj^; 
however, the relatively high temperature (220°) nec- 
essar}’ for a good separation caused the petrolatum 
and tri-;i;-cresyl phosphate to gradually bleed from 
the column. The silicone column proved to be 
very stable at this temperature and more than 
3,000 samples have been anah’zed with this column. 

The retention times of the pure esters were de- 
termined and a inLxture of equal volumes of each 
ester was then used to calibrate the instrument be- 
fore the production lots of the various esters were 
analyzed 

Results are easih’ reproduced when the operating 
conditions of the instrument remain constant. In 
routine anah-sis, it has proved advantageous to run 
the standard sample along with each lot of esters 
being anaU zed 

PROCEDURE 

The sample to be analyzed is injected into the 
column through a rubber diaphragm by means of a 
micrometer snringe After the sample has passed 
through the column and the thermal conductivity 
cell, the chart is removed from the recorder and the 
amount of each component is calculated A typi- 
cal chart for a mixture of six malonic esters is shown 
in Fig 1 

Since the retention time for each ester is specific 
under a given set of experimental conditions, each 
ester can be determined qualitatively very easily 
Similarly, the area under each peak is proportional 



Fig 1 — Retention times of six malonic esters 
using silicone column at 220°. 1 — Air, 2 — Dietlnl 

malonate, 3 — Diethyl ethyl malonate, 4 — Dietlnl 
diethj’l malonate, 5 — Diethyl isoaniyl malonate, 
6 — Diethj'l isoamyl ethyl malonate, 7 — Dietlnl 
diisoamyl malonate Sample, 0.01 cc. 

(3). When area is used for calculation of rclatiic 
composition with the assumption that the malonic 
esters have the same thermal conductivity, 
the equation becomes: 

Area of Individual Peak v inq _ 

Sum of Areas of All Peaks 

% Individual Component in Mixture 

Table I shows the results of three separate assa.Ns 
of the standard mixture of malonic esters Diethyl 
diisoamyl malonate is not included in this assay as 
it is not manufactured and does not appear in chro- 
matograms of the production lots of esters. 

SUMMARY 

A mixture containing several malonic esters 
can be assayed qualitatively and quantitatit’ely 
by means of gas chromatography. Without this 
method, the assay of such a mixture is tedious 


Table I — Typical Analysis of a Standard Mixture of Malonic Esters 


Run No 

Diethyl 

Malonate 

Area Per cent — 

Diethyl 

Ethyl 

Malonate 

Diethyl 

Diethyl 

Malonate 

Diethyl 

Isoamy! 

Malonate 

Is(nm>I 

RtlijI 

Malonate 

1 

11 0 

12 2 

19 0 

22 G 

36.0 


12 8 

13 4 

18 9 

21 5 

33.4 

,3 

12 7 

12 2 

18 9 

22 8 

33.4 

Average 

12 2 

12 7 

18 9 

22 3 

33.9 

Theory weight. % 

12 G 

12 1 

17 8 

23 1 

31 4 

Theory \ ohiitie, % 

11 8 

11 8 

17 G 

23 5 

35 3 

Theon nKile, % 

17 1 

14 0 

17 9 

22 0 

29 0 


to the amount of that constituent in the mixture 
Whether this area is proportional to weight per cent 
or mole per cent is still controversial. In actual 
practice, this discrepancy can be eliminated by cali- 
brating the s\-.teni, using either weight per cent or 
mole per cent 

The areas under the peaks can be measured with a 
planimeter, by cutting out the peak and weighing, 
by coupling an integrator to the detector output, or 
by measuring the peak heights by half-bands widths 


and time consuming, in addition to being in- 
accurate at its best. 
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Plant Microtechnique: A Note On Rapid Tissue Dehydration* 

By ARNOLD C. NEVA 


T o THE STUDENT and the research worker, current 
tissue microtomy in many instances presents 
sharp contrasts of methods. The standard refer- 
ence works on microtechnique largel 5 ' perpetuate the 
time-consuming conventional methods of dehydra- 
tion, embedding, and mounting of tissues predom- 
inantly for descriptive studies. Converselj’, and 
with noticeably greater frequency during the past 
decade, the current literature presents a variety of 
differing techniques, adaptations, improvements, 
and innovations to both operational functions and 
intent. 

Recurrent emphasis ranges from automatic sec- 
tioning and mounting (1, 2) and chelate application 
(3); to histochemical (4), and rapid one-step de- 
hj'dration and infiltration operations (5) ; and to 
dmiamic bioactivity and tissue changes rather than 
tl’.e structural make-up and organization of tissues. 

Because modern microtechnique demands an ever 
increasing number of studies with a minimum of 
undesirable solvent effects, greater simplification in 
procedures is the prevailing trend. This also holds 
true for a better interpretation of structure and or- 
ganization in tissues as well. 

For example, the rapid animal tissue dehydration 
method with modified Soxhlet extractor, as reported 
by Saiki and Kling (6), sought to circumvent the 
time-consuming serial tissue transfer in graded alco- 
hol dilutions and other varients of this long used 
process. 

Without elaborating on initial application trials 
that will be dealt with in other subsequent detailed 
reports, the method of Saiki and Kling was not found 
to be fully applicable to plant tissue work. But 
with several modifications, the basic principle of 
rapid tissue dehydration, as outlined by these 
authors, has been satisfactorily applied to plant 
tissues. 

This time-saving rapid tissue dehydration process 
can easily be carried out by the following steps, 
briefly described in the following sequence, and by, 
using whatever modifications may be necessary in' 
individual cases. 

The plant material is cut to suitable (approx. 1 
square cm.) size and aspirated for approximately 
one-half hour, or somewhat longer if necessary. 
Aspiration is carried out in a solution made up of: 
alcohol, 70 parts; glacial acetic acid, 15 or 10 parts; 
and water, 20 or 15 parts. Higher glacial acetic 
acid concentrations may be necessary with tougher 
woody plant materials; and conversel}’, it may not 
be necessary to use the acid at all when working 
with very soft plant tissues, or ordinary' animal 
tissues. 

By successive rinsings, avoiding air inclusion, the 
aspiration fluid is replaced completely with anhy- 
drous acetone, the dehydrating liquid. 

In contrast to the apparatus of Saiki and Kling, a 

* Received Ajiril 17, 1950, from Duquesne University, 
ScEootol PlraTm'.\cy, PivtsVmtKli 19, Vo. 

The writer wishes to express grnteful appreciation for the 
earlier reviews of this report by the late Dr Huzh C. Mtil- 
doon, Dean liiiieritiis, Duquesne University School of Phar- 
niacj-. and by Dr Franhlin A, Neva. Department of Tropical 
Public Health. Harvard School of Public Health, Boston. 

Mass. 


regular unmodified Soxhlet extraction apparatus is 
emploj’ed with the material for dehydration in ace- 
tone placed in a regular extraction thimble loosely 
covered with cotton. If circumstances necessitate, 
a suitable variation for a tissue holder can be im- 
provised that prevents the complete solvent run-ofl 
from tlie tissues; if for anj’ reason, this may be 
objectionable. No difficulty has been encountered 
thus far in this respect by the writer. 

The necessary volume of acetone is poured into the 
extraction chamber and after assembling, a sufficient 
excess is added to permit satisfactory continuous 
operation, and to compensate for any loss of acetone 
through volatilization. 

Approximately 200 Gm. of Drierite' is placed 
into either a 500-cc. or 1-liter receiving flask to serve 
as a dehydrating agent. The extraction unit is as- 
sembled with the receiving flask, and with a conling 
condenser. Only enough heat is used to volatilize 
the acetone, and the dehydration is carried out by 
the regular Soxhlet extraction procedure. 

Satisfactorj' dehydration of plant tissues is usually 
accomplished within a two to three-hour period, 
although certain difficultl}' dehydrated substances 
may take somewhat longer. 

After dehydration, the anhydrous acetone is re- 
placed with xylol or any of the other regularly used 
anhydrous solvents; and the microtechnique process 
is continued with the conventional paraffin embed- 
ding, or with other similar methods as desired. 

Fresh plant tissues have been satisfactorily proc- 
essed into paraffin for sectioning in one day by the 
method described. 

This significant saving of time is not the only ad- 
vantage of rapid tissue dehydration achieved, al- 
though it is the principal one. For example, inter- 
esting histochemical fixations have resulted in stud- 
ies using the acetone rapid dehj'dration method. 
Certain cell content precipitations and localizations, 
the nature of which is yet undetermined, have been 
witnessed in a particular leaf tissue. Also, just as 
other workers have used this solvent to good ad- 
vantage in previous enzyme histochemical tech- 
niques, acetone could well be tried more generally 
for work in tissue culture techniques and in other 
enzyme histochemical studies. 

Another advantage of rapid tissue dehydration, 
not particularly because of the solvent employed, is 
the retention of easily loosened and obliterated deli- 
cate structures gained by the minimum amount of 
handling of the material. 

By employing several diverse types of plant ma- 
terials that continue to be the subjects of further 
expanded studies, the rapid tissue dehydration 
method has been found suitable under the conditions 
described and should be applicable for most micro- 
technique tissue processes. 
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A Note on the Detection of Ephedrine by Spot Test* 


By FRITZ FEIGL and ERNESTO SILVA 


S POT TEST METHODS are not only just as reliable 
as the macromethods given in pharmacopeias for 
the identification of medicinal and pharmaceutical 
preparations, but also possess the great advantage 
of saving material, time, and effort. This fact has 
been mentioned previously (1) and metliods for 
identih'ing certain compounds rrhich had not pre- 
viously been noted in the pharmacopeias were pre- 
sented As a supplement to this work, a new and 
quite specific test for ephedrine is described below, 
which is of interest in the testing of pressor sub- 
stances (sympathomimetic amines). 

Since alkali easily causes an hydramine cleavage 
of ephedrine and adrenaline according to the equa- 
tions: 

CHOHCHCHj -f- 

I 

NHCH, 

COCH 2 CH 3 -1- NHjCHj (I) 


Tests for these two amines have been described 
(2), which are based on the detection of the mono- 
tnethylamine produced. The limits of detection by 
the spot test technique are Sy of ephedrine and 8y 
of adrenaline. When ephedrine alone is to be de- 
tected by the hydramine cleavage, the preliminary 
removal of adrenaline is necessary. This is easy to 
achieve, since ephedrine is very soluble in ether, 
while adrenaline is completely insoluble. In dealing 
with acid solutions of chlorides, sulfates, etc., one 
must, therefore, shake first with alkali and then 
with ether. 

It has been found that the hydramine cleavage 
of ephedrine, can be detected by making use of its 
behavior on pyrolysis in the presence of oxidizing 
agents. If ephedrine hydrochloride is evaporated 
to dryness in the presence of alkali and the drj- resi- 
due heated over an open flame after being mixed 
with MnO:, PbO;, Pb304, Mn-Oj, or C02O3, acetalde- 
hyde is split out. This is apparently the result of 
the oxidation of the phenylethyl ketone produced by 
the hydramine cleavage, according to the reaction: 


Schmidt (5) has found that phenylethyl ketone is 
split out on dry distillationo of chlorides of ephedrine 
and pscudo-ephedrine in a stream of CO; In accord 
with this, and with the oxidation according to 
(III), is the fact that ephedrine mixed only with 
excess CaO or MnO; and heated, gives off acctalclc- 
hj'de, although only in small quantities. The 
acetaldehyde formed by this pyrolytic oxid.rtinn 
can be identified in the gas phase by the test of 
Lewin (4) (blue color formation in a piperidine- 
sodium nitroprusside solution). 

Dr>' heating of ephedrine or its salts with sodium 
bismuthate (NaBiOs) has proved most suitable for 
performing the decomposition to acctaldcliydo 
and for using it analytically. This b.asic com- 
pound of pentavalent bismuth acts simultaneously 
as an alkalizer to catalyze the hydramine cleavage 
and as an oxidizing agent for the phenylethyl ketone 
produced. The acetaldehyde is detected with a 
morpholine-sodium nitroprusside solution (.3). 

Adrenaline in centigram quantities does not pro- 
duce any acetaldehy'de, and hence it may be dis- 
tinguished from ephedrine absolutely. 

Procedure. — A minimal amount of the solid 
substance to be tested, or of the dry residue from a 
drop of a solution of the base or its salts is mixed 
with several centigrams of sodium bismuthate in a 
micro test tube. A piece of filter paper which has 
been moistened with a drop of the aldehyde reagent 
is placed over the open end of the tube, and the 
bottom is heated with a microflamc. A ijositivc 
test is shown by the formation of a circular blue 
spot on the yellow reagent paper. The intensity of 
the color depends on the quantity of ephedrine. 

When ephedrine is to be detected in very dilute 
solution it is best to put some glass powder into the 
tube, and to evaporate a drop of the test solution on 
this powder, after which the sodium bismuthate is 
added and mixed in. In this way one obtains good 
contact for the pyrolytic oxidation. Limit of de- 
tection: fiy ephedrine. 

Reagent. — A freshly prepared mixture of equal 
x’olumcs of 20% water solution of morpholine and 
5% solution of sodium nitroprusside in water was 
used. 

It may be expected that Ephctonal (/i-ainiuo 
compound of ephedrine) will equally split off acet- 
aldehyde on pyrolytic oxidation. 

The user of the test described above should note 
that compounds with — OC-FIj and >XC;IIj 
groups also yield acetaldehyde on do’ heating with 
sodium bismuthate, but in smaller amounts than 
does ephedrine. 



HO 


H 



CfHsCOCjHs -f 20 ^ CeHiCOOH + CH,CHO 

(HI) 


• Recrivcl September 10. lOST, from the I.aboratorio da 
Producao Mineral, Mini-stcrio da AgrictiUura, Rio de Taneiro 
Brazil. 

Translated by Peter Oesper. Hahnemann Medical ColIeKe 
Phila .Pa 
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Synthesis and Investigation of Certain Biological 
Activities of Some Thiophosphoric Acid Derivatives* 

By MITCHELL L. BORKEf and ERNST R. KIRCH 


Two series of N-substituted phosphoroamidothioates and two phosphorocblorido- 
thioates were synthesized. Of these, eleven phosphoroamidothioates have not been 
prepared previously. The compounds were investigated for their activity in vitro 
toward cholinesterase and for their ability to inhibit the growth of certain micro- 
organisms as well as the germination of some plant species. Only the two phos- 
phorochloridothioates showed anticholinesterase activity. None of the synthesized 
compounds inhibited the growth of the microorganisms selected for this investi- 
gation or retarded the growth of roots and shoots of oats or black mustard. The 
results of the experiments were correlated with the physical properties, the steric 
configuration and the electronic structure of the investigated compounds. 


'POURING RECENT YEARS Certain organophos- 
phorus compounds have come into use as 
insecticides and fungicides, while others are classi- 
fied as “nerv'e gases." 

It was in the middle thirties that Schrader (1) 
began searching for new synthetic insecticides 
as substitutes for nicotine, rotenone, and pj'reth- 
rin which had to be imported into Germany, 
and turned his attention to certain organophos- 
phorus compounds. 

During the screening tests for insecticidal prop- 
erties Gross (1) noticed the anticholinesterase 
activity and the pharmacological action on warm- 
blooded animals of a number of organophosphorus 
compounds. 

* Received November 12, 1957, from the Department of 
Cnemistry, ColleRc of Pharmacy, University of Illinois 
ChicaRo 12. 

Abstracted in part from a thesis submitted to the Graduate 
t-ollcge of the University of Illinois by Mitchell L Borke in 
partial fulfillment of the requirements for the Degree of Doc- 
tor of Philosophy. 

t Present address* School of Pharmacy. Duquesne Uni- 
^crs^ty, Pittsburgh Ifl, Pa 


Shortly after the outbreak of World War II, 
teams were organized in Great Britain and 
charged with the development of new chemical 
warfare agents. Several of these groups con- 
centrated on organophosphorus compounds con- 
taining fluorine (2). Because certain derivatives 
looked promising as war gases, improved meth- 
ods of their preparation adaptable to a large 
scale production were worked out (3). 

Since the end of the war numerous reports con- 
cerning the organophosphorus compounds have 
appeared in the literature. The investigations 
have been related mainly to the biological ac- 
tivity of some of these substances (-1-0) and to 
the development of eflective antidotes against 
those organophosphorus compounds which could 
be used as “nerv'c gases" (7-11). 

One of the phases of the research related to the 
biological activity of the phosphonis containing 
organic compounds has l)ccn the work cfmneclcd 
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A Note on the Detection of Ephedrine by Spot Test* 

By FRITZ FEIGL and ERNESTO SILVA 


S POT TEST METHODS are HOt otilv just as reliable 
as the raacromethods given in pharmacopeias for 
the identification of medicinal and pharmaceutical 
preparations, but also possess the great advantage 
of saving material, time, and effort. This fact has 
been mentioned previously (1) and metliods for 
identifying certain compounds rvhich had not pre- 
viously been noted in tlie pharmacopeias rvere pre- 
sented As a supplement to this work, a new and 
quite specific test for ephedrine is described below, 
which is of interest in the testing of pressor sub- 
stances (sympathomimetic amines). 

Since alkali easily causes an hydramine cleavage 
of ephedrine and adrenaline according to the equa- 
tions: 


< f CHOHCHCHa 

NHCHs 

^ COCH3CH3 -f NH2CH3 (I) 

HO 



Tests for these two amines have been described 
(21, which are based on the detection of the mono- 
niethylamine produced. The limits of detection bj’ 
the spot test technique arc By of ephedrine and 8y 
of adrenaline V'hen ephedrine alone is to be de- 
tected by the hydramine cleavage, the preliminary 
removal of adrenaline is necessary. This is easy to 
achieve, since ephedrine is very soluble in ether, 
while adrenaline is completely insoluble. In dealing 
with acid solutions of chlorides, sulfates, etc., one 
must, therefore, shake first with alkali and then 
with ether. 

It has been found that the hydramine cleavage 
of ephedrine. can be detected by making use of its 
behavior on pyrolysis in the presence of oxidizing 
agents. If ephedrine hydrochloride is evaporated 
to dryness in the presence of alkali and the dry resi- 
due heated over an open flame after being mi.\cd 
with MnO;, PbO;, PbjOi, MniOj, or Co-Oj, acetalde- 
hyde is split out. This is apparently the result of 
the oxidation of the phenylethyl ketone produced by 
the hydramine cleavage, according to the reaction: 

CcHsCOCiHs -h 20 — C.HjCOOH + CHjCHO 

(III) 


• Received September 10. 1957. from the Laboratorio da 
Producao Mineral, Ministerio da Acricultura, Rio de Janeiro. 
Brazil. 

Translated by Peter Oe«per, Hahnemann Medical Collece 
Phila . Pa. 


Schmidt (5) has found that phenylethyl ketone U 
split out on dry distillationo of chlorides of ephedrine 
and pseudo-ephedrine in a stream of CO.- In accord 
with this, and with the oxidation according to 
(III), is the fact that ephedrine mixed only with 
excess CaO or MnO- and heated, gives oil acetalde- 
hyde, although only in small quantities. The 
acetaldehyde formed b}' tliis pyrolytic oxid.ition 
can be identified in the gas phase by the lest of 
Lewin (4) (blue color formation in a piperidine- 
sodium nitropriisside solution). 

Dry' heating of ephedrine or its salts with sodium 
bismuthate (NaBiOj) has proved most suitable for 
performing the decomposition to acetaldehyde 
and for using it analytically. This basic com- 
pound of pentavalent bismuth acts simultanconsly 
as an alkalizer to catalyze the hydramine cleavage 
and as an oxidizing agent for the phenylethyl ketone 
produced. The acetaldehyde is detected with a. 
morpholine-sodium nitroprusside solution (3). 

Adrenaline in centigram quantities docs not pro- 
duce any acetaldehyde, and hence it may be dis- 
tinguished from ephedrine absolutely. 

Procedure. — A minimal amount of the solid 
substance to be tested, or of the dry residue from a 
drop of a solution of the base or its salts is mixed 
with several centigrams of sodium bismuthate in a 
micro test tube. A piece of filter paper whicli has 
been moistened with a drop of the aldehyde reagent 
is placed over the open end of the tube, and the 
bottom is heated with a microflame. A positive 
test is shown by the formation of a circular blue 
spot on the yellow reagent paper. The intensity of 
the color depends on the quantity of ephedrine. 

When ephedrine is to be detected in very dilute 
solution it is best to put some glass powder into the 
tube, and to evaporate a drop of the test solution on 
this powder, after which the sodium bismuthate is 
added and mixed in. In this way one obtains good 
contact for the pyrolytic oxidation. Limit of de- 
tection : By ephedrine. 

Reagent . — A freshly prepared mixture of equal 
volumes of 20% water solution of morpholine and 
5% solution of sodium nitroprusside in water was 
used. 

It may be expected that Epheton.al (/)-aniino 
compound of ephedrine) will equally split off acet- 
aldehyde on pyrolytic oxidation. 

The user of the test described above should note 
that compounds with — OCjHs and >XC:ll! 
groups also yield acetaldehyde on dry heating with 
sodium bismuthate, but in smaller amounts than 
does ephedrine. 
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Two series of N-substituted phosphoroamidothioates and fwo phosphorochlorido- 
thioates were synthesized. Of these, eleven phosphoroamidothioates have not been 
prepared previously. The compounds were investigated for their activity in vitro 
toward cholinesterase and for their ability to inhibit the growth of certain micro- 
organisms as well as the germination of some plant species. Only the two phos- 
phorochloridothioates showed anticholinesterase aoivity. None of the synthesized 
compounds inhibited the growth of the microorganisms selected for this investi- 
gation or retarded the growth of roots and shoots of oats or black mustard. The 
results of the experiments were correlated with the physical properties, the steric 
configuration and the electronic structure of the investigated compounds. 


Touring recent years certain organophos- 
phorus compounds have come into use as 
insecticides and fungicides, while others are classi- 
fied as “nerve gases.” 

It was in the middle thirties that Schrader (1) 
began searching for new synthetic insecticides 
as substitutes for nicotine, rotenone, and pyreth- 
rin which had to be imported into Germany, 
and turned his attention to certain organophos- 
phorus compounds. 

During the screening tests for insecticidal prop- 
erties Gross (1) noticed the anticholinesterase 
activity and the pharmacological action on warm- 
blooded animals of a number of organophosphorus 
compounds. 
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Shortly after the outbreak of World War II, 
teams were organized in Great Britain and 
charged with the development of new chemical 
warfare agents. Several of these groups con- 
centrated on organophosphorus compounds con- 
taining fluorine (2). Because certain derivatives 
looked promising as war gases, improved meth- 
ods of their preparation adaptable to a large 
scale production were worked out (3). 

Since the end of the war numerous reports con- 
cerning the organophosphorus compounds have 
appeared in the literature. The investigations 
have been related mainly to the biological ac- 
tivity of some of these substances (4-6) and to 
the development of effective antidotes against 
those organophosphorus compounds which could 
be used as "nerve gases" (7-11). 

One of the phases of the research related to the 
biological activity of the phosphorus containing 
organic compounds has been the work connected 
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mth the structure activity relationship (SAR) 
III iitro as well as inino (12, 13) 

In this ln^ estigation tuo senes of N-sub- 
stituted phosphoroamidothioates and two phos- 
phorochlondothioates presented in Table I 
vere synthesized In order to determine the 
structure act^^ lU relationship of these two groups 
of organophosphorus compounds, they were 
tested for their actimt} toward acetylcholinester- 
ase (A Chase), for their action on certain micro- 
organisms and for their influence on the germina- 
tion of certain plant species 
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EXPERIMENTAL 

The preparation of the N substituted diphenjl 
and di (p tolj 1) phosphoroamidothioates was 
achieied bj a two step sjTithesis similar to that re- 
ported b} Autenneth and Hildebrand (14) for the 
s>Tithesis of diphenyl and di (p tolyl)-phosphoro- 
anilidothioates and which can be represented by the 
follow mg equations 


NaOH 

2 PSClj -f 3 CeHsOH > (C,H50).P(S)C1 -f 

t° < 50° 

(C 6 HsO)P(S)Cl 5 + -f 3NaCI -t- 3HjO (Eq 1) 
NaOH 

(CtH60).P(S)Cl -f XS CeHsNHj > 

steam 

bath 

(CJIiO).P(S)NHC,H6 -I- NaCl -1- HjO (Eq 2) 

Procedure. — Two moles (239 Gm ) of thiophos 
phorj I chloride were added m one portion to a well- 
cooled solution of 3 moles (282 Gm ) of phenol m an 
e\cess of 10% sodium hjdroNide and the mixture 
stirred for four hours Cooling was continued dur- 
ing this period so that the temperature did not rise 
aboie 50° Since the reaction mixture should be 
alkaline at all times, additional sodium hjdroxide 
solution was added when necessarj 

At the end of the four hour period, the mixture 
was extracted with seieral portions of ether, and 
the combined ether extracts washed with 10% 
sodium hjdroxide solution, then with water, and 
flnallj dried o\cr anludrous sodium sulfate The 
sohent was distilled off and the residue subjected 
to \acuum distillation in order to remove anj' un- 
reacted thiophosphorj 1 chloride and phenjl phos 
phorodichloridothioate The distillation was stopped 
at 132°/11 mm Hg 

The diphenvl phosphorochloridothioate remain- 
ing m the distilling flask solidified upon cooling and 
stirring It was recrj stalhzed from hot ethanol 
Melting point found 66-08° (uncorrected) 

Difptohl) phosphorochloridothioate was prc 
pared in a similar wav and was rccrj stalhzed from 
hot ethanol Melting point found 49-51° (un 
corrected) 

The N-siibstituted diphenvl and difptoljl) 
phosphoroamidothioates were prepared bv adding a 
calculated amount of the phosphorochloridothioate 
to an excels of the particular amine in a 10% sodium 
hvdroxide solution The ratio of the phosphoro- 
chloridothioatc to the amine was 1 4 Ml amines 
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(Eastman Kodak Co.) were purified by distillation 
prior to their use. The mixture was heated on a 
steam bath for several hours while stirred me- 
chanically. During this time samples of the mix- 
ture were withdrawn from the reaction vessel and 
tested with 0. 1 N silver nitrate solution for the pres- 
ence of chloride ion. When large amounts of it 
could be detected in the mixture as indicated by 
a heavy precipitate of silver chloride, the reaction 
was stopped by cooling to room temperature. The 
organic components were extracted with several 
portions of ether and the combined ether extracts 
washed with several- portions of dilute hj'drochloric 
acid, then with water, and finally dried over an- 
hydrous sodium sulfate. 

The solvent was removed by distillation using a 
steam bath, the residue cooled in an ice bath to 
promote crj'stallization, and the crude phosphoro- 
amidothioates recrystallized from hot ethanol. 
In several cases it was found advisable to recrystal- 
lize the compound from isoamyl alcohol. All of the 
phosphoroamidothioates were white crystalline 
solids, extremely insoluble in water but soluble in 
common organic solvents. 

The compounds were analyzed gravimetrically 
for sulfur and phosphorus (15, 16). Their nitrogen 
content was determined by a semimicro Kjeldahl 
method (17). 

Investigation of Biological Activity. — ^All of the 
fifteen compounds were tested in vitro for their 
activity toward acetylcholinesterase (AChase) by 
the use of the Hestrin colorimetric method (IS). 

Materials and Equipment . — Phosphate buffer, 
0.134 if, pH 7.2, was prepared by mixing 7 parts by 
volume of a solution of 23.8 Gm. of disodium 
hydrogen phosphate dodecahydrate (Mallinckrodt 
Chem. Works) per liter and 3 parts of a solution of 
18.2 Gm. of potassium dihydrogen phosphate 
(Merck & Co., Inc., Reagent) per liter, pH being 
adjusted to 7.2 if necessary. 

Acetylcholine, 0.04 M, 0.9045 Gm. of acetylcholine 
bromide (Eastman Kodak No. 2117) in 100 ml. 
of 0.001 Jli acetate buffer, pH 4 5. 

Acetylcholinesterase (Winthrop Laboratories), 20,- 
000 units. 

Hydroxylaminc hydrochloride, 2 M, 69.5 Gm. 
(Eastman Kodak No. 340) dissolved in distilled 
water to 500 ml. 

The above solutions as well as the acetylcholin- 
esterase preparation were stored in the refrigerator. 

Sodium hydroxide, 3.5 M, 70 Gm. of sodium hy- 
droxide pellets (Mallinckrodt Chem. Works, U. S. P. 
Grade) dissolved in distilled water to 500 ml. 


Alkaline hydroxylaminc, equal volumes of 2 M 
hydroxylaminc hydrochloride and 3.5 M sodium 
hydroxide solutions mixed shortly before use. 
The solution was made up freshly for each set of 
samples run. 

Hydrochloric acid, concentrated acid (sp.gr. 1.18) 
diluted with 2 volumes of distilled water. 

Ferric chloride, 0.37 M, 50 Gm. of ferric chloride 
hexahydrate (Baker & Adamson, Reagent) dis- 
solved in 0.1 M hydrochloric acid to 500 ml. 

Potassium chloride, 0.3 M, 22.4 Gm. of potassium 
chloride (Baker & Adamson, Reagent) dissolved in 
1 liter of distilled water. 

Trichloroacetic acid, 50%, prepared by dissolving 
50 Gm. of trichloroacetic acid (Merck & Co., Inc., 
U. S. P. Grade) in 100 ml. of distilled water. 

In the experiments designed to investigate the in 
vitro AChase inhibitory activity of the synthesized 
compounds, the substrate was prepared by diluting 
one part of the 0.04 M acetylcholine bromide stock 
solution with eight parts of the phosphate buffer 
(pH 7.2). One ml. of this solution provided 4.44 
micromoles of acetylcholine bromide, and this con- 
centration of the substrate was within the range in 
which the Hestrin method gives reproducible re- 
sults. 

It was found experimentally that 0.444 micro- 
moles of acetylcholine bromide per ml. of the final 
solution provided a suitable concentration of the 
substrate so that both in the absence of the enzyme 
and in its presence the color developed obeyed the 
Beer-Lambert Law. 

Stable AChase preparations were made by the 
adsorption of 0.05-ml. aliquots of a 1% enzyme 
solution in a stabilizing medium on Whatman No. 1 
filter paper disks and storing in a refrigerator over 
anhydrous CaClj. This procedure described by 
Fleisher, et al. (19), supplied a concentration of 
the enzyme suitable for the determinations carried 
out in this investigation, when one paper disk was 
eluted with 17 ml. of 0.3 M potassium chloride 
solution in a refrigerator for seventy-five minutes, 
and when 2 ml. of this eluate per 1 ml. of the 0.00444 
M acetylcholine bromide solution were used in the 
assay. 

These amounts also provided the optimum ratio 
of the substrate to enzjTue so that the velocity of the 
AChase catalyzed hydrolysis of acetylcholine was at 
its maximum as seen in Fig. 1. 

All determinations designed to investigate the in 
vitro AChase activity of the synthesized compounds 
were run in duplicates according to the setup pre- 
sented in Table 11. 


Table 11. — Setup for AChase Activity Determinations 


1 Ethanol (vehicle) 

No 

Enzyme 

0 2 ml. 

— Controls — 
Color 
Intcr- 
fcrcncea 

0 0 ml. 

2 Compound in ethanol 

0 0 

0 2 

3 Enzvmc eluate 

0 0 

0 0 

4 0.3 M KCl 

2 0 

2 0 

5 0.00444 M acetyl- 
choline bromide 

1 0 

1 0 


Concn tn meg /ml 


Eozyme 

Activity 

250 

50 

2,5 

10 

1 

0 2 ml. 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 2 

0 2 

0 2 

0 2 

0.2 

2 0 

2 0 

2 0 

2 0 

2 0 

2.0 

0 0 

0 0 

0 0 

0 0 

0 0 

0.0 

1 0 

1 0 

I 0 

1 

01 0 

1.0 


• 1 hi< control \va«; introduced to proxidc a chccl. of the enzyme activity in the le«:t tubes containing the 
meg /ml concentration because «;ome of them cau«:ed turbidity in the presence of the other reagents 


compounds in 250 
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^ moles acetylcholine 
Fig. 1. — Determination of optimum substrate- 
enzyme concentrations. 


Substances 1 through 4 in Table II were placed 
in the test tubes in the indicated order and incu- 
bated in a thermostatically controlled water bath 
at 37° for thirty minutes. Then 1 ml. of the sub- 
strate (reagent 5) was added to each test tube and 
the incubation continued for another thirty minutes. 
.•\t the end of the incubation period, two drops of 
trichloroacetic acid were added to each test 
tube to inactivate the enzyme. The tubes were 
removed from the water bath, the color developed 
using successively 2 ml. of alkaline hydroxjdamine, 
1 ml of hydrochloric acid (1:2), and 1 ml. of 0.37 M 
ferric chloride solution. The tubes were shaken 
thoroughly after the addition of each reagent to 
prevent the formation of gas bubbles. Distilled 
water was added to each test tube to bring the vol- 
ume to 10 ml., and the color read in a suitable in- 
strument* at 540 m^l after thirty minutes. 

Of the fifteen compounds tested i?i vitro for their 
activity toward .-VChasc only diphenyl phosphoro- 
chloridothioate and di-fp-tolyl) phosphorochlorido- 
thioate inhibited the enzyme, and their Isg^ were 2.30 
X 10 il/ and 2.60 X 10"* il/ respectively. None of 
the N-substituted phosphoroamidothioates showed 
any inhibition of .\Chase under the conditions of 
the e.xperiments. 

In order to determine the type of AChase in- 
hibition demonstrated by the two phosphorochlo- 
ridothioates, it was decided to use the method re- 
ported by .-Ickermann and Potter (20). In this 
procedure, variable amounts of the enzjTne plus or 
minus the inhibitor are plotted against the rate of 
hydrolysis of the substrate. .\ straight line re- 
sults for any given concentration of the inhibitor 
and when no inhibitor is present. In the latter case 
the line crosses the origin. When an enzyme is 
inhibited reversibly, the line also crosses the origin 
but its slope is sm.allcr than that of the control. 
If, however, the inhibition is irreversible or pseudo- 
irreversible, the slope of the line is the same or 
nearly the same as that of the control but it passes 
the abscissa to the right of the origin and at a dis- 
tance which is proportional to the amount of the 
inhibitor 


> Coleman Universal Spectrophotometer. Model II, was 
usetl in this inve^itication. 

* In is the molar concentratitm of an inhibitcir required to 
inhibit of theenryme. 


The e.\araination of Figs. 2 and 3 representing the 
plots of the rate of hydrolysis of the substrate against 
varied amounts of the enzyme eluate for 50, 10(1, 
and 250 mcg./ml. of diphenyl and di-(p-tolyl) 
phosphorochloridothioate indieates that both com- 
pounds inhibit .4Chase irreversibly or pseudoirre- 
versibly. 

The biological activity of the liescribed N-snb- 
stituted phosphoroamidothioates as well as that of 
the two phosphorochloridothioates toward living 
organisms was investigated by testing their action 
on the multiplication of certain bacteria and fungi, 
and their influence on the germination of the seeds 
of some plants. 



ML. ELUATE (ENZYME) 

Fig. 2. — Analysis of AChase inhibition by di- 
phenyl phosphorochloridothioate according to the 
procedure of Ackermann and Potter (20). A — con- 
trols; B — inhibitor present at 5 mcg./ml. final con- 
centration; C — inhibitor present at 10 mcg./ml. final 
concentration; D — inhibitor present at 25 meg./ml, 
final concentration. 



ML. ELUATE (ENZYME) 

Fig. 3. — Analysis of AChase inhibition by di-(f'- 
tolyl) phosphorochloridothioate according to the 
procedure of Ackermann and Potter (20). A — con- 
trols; B — inhibitor present at 5 mcg./ml. final con- 
centration; C — inhibitor present at 10 mcg./nih 
final concentration; D — inhibitor present at 2 j 
incg./ml. final concentration. 


.\ report was published about the inhibition oI 
growth of Aspergillus niger and Asprrigillus fliiviis 
by certain organophosphorus coinpounrl.s (21). 
Thus the synthesized thiophosphates were invest)- 
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gated for their activity toward microorganisms. 
micrococcus pyogenes var. aureus, Escherichia coJi 
and Candida albicans were used as representatives 
of the Gram-positive and Gram-negative bacteria 
and the fungi respective!}'. The agar cup method 
and the paper disk technique were chosen for this 
investigation, and three concentrations of the com- 
pounds (1 ; 10, 1 ; 100, and 1 ; 1000) were used in the 
experiments. 

For the agar cup metliod the compounds were dis- 
solved in extra heavy mineral oil (Nujol, Plough, 
Inc.) with the aid of slight heat. Due to the poor 
solubility of the compounds, all of the 1 ; 10 solutions 
yielded uniform heavy suspensions upon cooling to 
the incubation temperature (37°) and were used as 
such to fill the agar cups. A control was provided 
by filling one of the agar cups with Nujol. 

In the paper disk method the compounds were 
dissolved in chloroform (Mallinckrodt Chemical 
Works, Analytical Reagent) to yield 1:10, 1:100, 
and 1:1000 solutions (w/v). The disks, 11 ram. in 
diameter and prepared from E. & D. No. 615 filter 
paper, were immersed in the corresponding solutions 
for a few seconds and the solvent permitted to 
evaporate in the air. The disks were placed upon 
agar seeded with the appropriate microorganisms 
and incubated at 37°. A control was provided by a 
disk immersed in the solvent and treated as above. 

In both methods nutrient agar was used for Micro- 
■occus pyogenes and Escherichia coli and Sabaroud’s 
igar for Candida albicans. The plates were read 
It twenty-four hours and forty-eight hours. No in- 
hibition of growth by either the N-substituted 
phosphoroamidothioates or by the two phosphoro- 
chloridothioates which inhibited AChase, was ob- 
served. 

The effect of dialkyl anilidophosphates on the 
germination of the oat (Aocna saliva, L.) and black 
mustard seeds {Brassica nigra, L.) as representing 
the mono- and dicotyledonous plant species was 
studied by Ramaswami, el al. (22). These authors 
found some inhibition of the germination of oats 
but no effect on the germination of black mustard 
seeds. Because of the structural similarity between 
the compounds tested by Ramaswami and those 
described in this work, it was decided to investigate 
the influence of the two AChase inhibitor and two 
N-substituted phosphoroamidothioates (non-inhibi- 
tors) chosen at random on the gennination of oat 
and black mustard seeds. 

The following procedure, a slight modification of 
that described by Ramaswami, el al., was used in 
the germination experiments. A 0.5-ml. aliquot of 
the ethanolic solution of the compound correspond- 
ing to 125 meg. of it was deposited in the center 
of a filter paper disk 12.5 cm. in diameter (What- 
man No, 1). The solvent was pcrinittcd to evapo- 
rate in the air and the filter paper placed on a 5-inch 
watch glass containing 25 ml. of distilled water. 
The edge of the paper came flush with the rim of 
the watch glass. The paper was pressed down 
gently with a piece of glass rod to touch the water in 
the watch glass, and the moist area allowed to spread 
evenly throughout the paper. Thus the concentra- 
tions of the compounds tested ranged from 1.25 to 
1.70 moles in one million milliliters depending upon 
the molecular weight of the particular compound. 

Ten seeds selected on the basis of their pliysical 
appearance were placed around and within 0.5 cm. 


from the rim of the watch glass. This setup affords 
a convenient means of providing a moist paper sur- 
face upon which the seeds can be placed without let- 
ting them be immersed in the solution. .\ control 
was provided using 0.6 ml. of ethanol and treating it 
in the above described manner. The observations 
lasted four days and no effect on the germination of 
either the oat or the black mustard seeds was noticed 

DISCUSSION 

Of the fifteen compounds tested for cholinesterase 
inhibition in vitro, only diphenyl phosphorochlori- 
dothioate and di-(p-tolyl) phosphorochloridothioate 
were shown to be active against this enzyme. 

The general method for comparing inhibitors con- 
sists of the determination of the molar concentra- 
tion of the compounds required to inhibit 50Sc of the 
enzyme (Iso). The I50 value was calculated to be 
2.30 X 10”^ ill for diphenyl phosphorochlorido- 
thioate and 2.60 X 10“^ M for di(/i-to!yI) phos- 
phorochloridothioate. 

The results of the experiments performed to de- 
termine the in vitro biological activity of the com- 
pounds used in this investigation toward .-tChasc 
can be explained on the basis of the electronic 
theoiy. It is generally accepted that during a 
reaction between an alky! phosphate and cholin- 
esterase the enzyme becomes phosphorylatcd (12, 
23). There is also evidence that the phosphate is 
split in this reaction (12, 24). 

The phosphorylation of the enzyme can be ration- 
alized to proceed in a stepwise manner as represented 
in Fig. 4. 

It is evident that the success of the first step in the 
phosphor}'Iation reaction depends upon the electro- 
philic character of the phosphorus atom. In di- 
phenyl phosphorochloridothioate and di-f/i-tolyl) 
phosphorochloridothioate it is influenced primarily 
by the chlorine atom, which polarizes the P — Cl 
bond by the inductive effect (P— — Cl). 


step I; 
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Ro"-P-V 

RO 

esteratlc 

site 


H- 


4. 1 
E-P-Y 
/\ 

RO OR 


step 2: 



E-P -Y 
RO'^OR 


S 

:E-P-OR + + Y* 

RO 


Fig. 4. — Electronic mcchanimi for the phos- 
phorylation of AChase by an alkyl phosphate ty|)c 
inhibitor. F — .strongly electronegative group or 
atom. 


Since the determined Iw values for the two phos- 
phorochloridothioatcs are very close ti> each other, 
it can be concluded that the iircscncc of :i methyl 
group in di(/>-tolyl) phosphorochloridothioate does 
not influence the electrophilic character of the phos- 
phorus atom to any significant degree Further- 
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Substances 1 tliroiiKli 4 in Table II were placed 
in the lest tubes in tbe indicated order and incu- 
bated in a tlierniostatically controlled water bath 
at 37° for thirty minutes Then 1 ml r)f tbe sub- 
.stratc (reaRent o) was added to each test tube and 
the incubation continued for another thirty minutes. 
At the end of the incub.itioii jieriod. two drops of 
7)0' , trichloroacetic acid « ere added to each test 
tube to inaetitate the enryme. The tubes were 
removed from the water bath, the color developed 
using successively 2 ml of alkaline hydro'cylauiine, 
1ml of hydrochloric acid (1 2), and 1 ml of 0.37 .U 
ferric chloride solution. The tubes were shaken 
thoroughly after the addition of each reagent to 
prevent the formation of gas bubbles Distilled 
water was added to each test tube to bring the vol- 
nine to 10 ml , and the color read in a suitable in- 
strument' at 310 niR after thirty minutes. 

Of the fifteen coinpounds tested in vilra for their 
activity toward .\Chasc only diphenyl phosphoro- 
chloridothioate and di-(/i-tolyl) phosphorochlorido- 
thioate inhibited the enzyme, and their Im* were 2.30 
X 10^* jlf and2 00 X 10“‘ df respectively Xoncof 
the N-substituted phosphoroamidothio.itcs showed 
any inhibition of AChase under the conditions of 
the esperiments 

In order to determine the type of AChase in- 
hibition demonstrated by the two phosphoroclilo- 
ridothioates, it was decided to use the method re- 
ported by Ackermann and Potter (20) In this 
procedure, variable amounts of the enzjmic plus or 
minus the inhibitor arc plotted against the rate of 
hydrolysis of the substrate. A straight line re- 
sults for any given concentration of the inhibitor 
and when no inhibitor is present In the latter ease 
the line crosses the origin When an cnzyinc is 
inhibited reversibly, the line also crosses the origin 
but its slope is smaller than that of the control 
If, however, the inhibition is irreversible or pseudo- 
irreversible, the slope of the line is the same or 
nearly the same as that of the control but it passes 
tbe abscissa to the right of the origin and at a dis- 
tance which is proportional to the amount of the 
inhibitor. 


•Coleman Universal Spectrophotometer, Model II, was 
used in this investiRation. 

2 Iao is the molar concentration of an inhibitor required to 
Inhibit 50% of the enzyme. 


The e.\auiination of Pigs. 2 and 3 representing the 
plots of the rale of hydrolysis of the substrate against 
varied amounts of the enzyme eluate for .aO, 100, 
and 27)0 meg, /ml. of diphenyl and di-(/i-tolyl) 
phospliorochloridothioate indicates that both com- 
pounils inhibit AChase irreversibly or pseudoirre- 
vcrsibly. 

The biological activity of the described N-sub- 
stituted iihosphoroamidothioates as well as that of 
the two phosphorochloridothioatcs toward living 
org.aitisms was investigated by testing their action 
on the multi|)lication of certain bacteria and fungi, 
and their inlluence on the germination of the seeds 
of some plants 



MI, KI.UATi; (ONV.V.MR) 

I'ig 2 —Analysis of AChase inhibition by di- 
phenyl phospliorochloridothioate according to the 
procedure of Ackermann and Potter (20). A — con- 
trols, IS — inhibitor present at 7) meg /ml. final con- 
centration; C — inhibitor present at 10 mcg./ml. final 
concentration; D — inhibitor present at 2n mcg./ml. 
final concentration 



NtL lil.UATK (KNZVMK) 

Fig. 3. — Analysis of AChase inhibition by di-(p- 
tolyl) phospliorochloridothioate according to the 
procedure of Ackermann and Potter (20). A — con- 
trols; B — inhibitor present at 5 mcg./ml. final con- 
centration; C — inhibitor present at 10 meg./mh 
final concentration; D — inhibitor present at _o 
mcg./ml. final concentration. 


A report was published about the inhibition of 
growth of As/iergillus iiigcr and AsperigiUus flavits 
by certain organophosphorus compounds (21) 
Thus the synthesized thiophosphates were investi- 
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gated for their aetivity toward microorganisms. 
Micrococcus pyogenes var. aureus, Escherichia colt 
and Candida albicans were used as representatives 
of the Gram-positive and Gram-negative bacteria 
and the fungi respectively. The agar cup method 
and the paper disk technique were chosen for this 
investigation, and three concentrations of the com- 
pounds (1 ; 10, 1 : 100, and 1 : 1000) were used in the 
experiments. 

For the agar cup method the compounds were dis- 
solved in extra heavy mineral oil (Nujol, Plough, 
Inc.) with the aid of slight heat. Due to the poor 
solubility of the compounds, all of the 1 : 10 solutions 
yielded uniform heavy suspensions upon cooling to 
the incubation temperature (37°) and were used as 
such to fill the agar cups. A control was provided 
by filling one of the agar cups with Nujol. 

In the paper disk method the compounds were 
dissolved in chloroform (Mallinckrodt Chemical 
Works, Analj-tical Reagent) to yield 1:10, 1:100, 
and 1:1000 solutions (w/v). The disks, 11 ram. in 
diameter and prepared from E. & D. No. 615 filter 
paper, were immersed in the corresponding solutions 
for a few seconds and the solvent permitted to 
evaporate in the air. The disks were placed upon 
agar seeded with the appropriate microorganisms 
and incubated at 37°. A control was provided by a 
disk immersed in the solvent and treated as above. 

In both methods nutrient agar was used for Micro- 
occus pyogenes and Escherichia coli and Sabaroud’s 
igar for Candida albicans. The plates were read 
it twenty-four hours and forty-eight hours. No in- 
hibition of growth by either the N-substituted 
phosphoroamidothioates or by the two phosphoro- 
chloridothioates which inhibited AChase, was ob- 
served. 

The effect of dialkjd anilidophosphates on the 
germination of the oat {Avena saliva, L.) and black 
mustard seeds {Brassica nigra, L.) as representing 
the mono- and dicotyledonous plant species was 
studied by Ramaswami, ct al. (22). These authors 
found some inhibition of the germination of oats 
but no effect on the germination of black mustard 
seeds. Because of the structural similarity between 
the compounds tested by Ramaswami and those 
described in this work, it was decided to investigate 
the influence of the two AChase inhibitor and two 
N-substituted phosphoroamidothioates (non-inhibi- 
tors) chosen at random on the germination of oat 
and black mustard seeds. 

The following procedure, a slight modification of 
that described by Ramaswami, el al., was used in 
the gennination experiments. A 0.5-ml. aliquot of 
the cthanolic solution of the compound correspond- 
ing to 125 meg. of it was deposited in the center 
of a filter paper disk 12.5 cm. in diameter (What- 
man No. 1). The solvent was permitted to evapo- 
rate in the air and the filter paper placed on a 5-inch 
watch glass containing 25 ml. of distilled water. 
The edge of the paper came flush with the rim of 
the watch glass. The paper was pressed down 
gently with a piece of glass rod to touch the water in 
the watch glass, and the moist area allowed to spread 
evenly throughout the paper. Thus the concentra- 
tions of the compounds tested ranged from 1.25 to 
1.76 moles in one million milliliters depending upon 
tlic molecular weight of the particular compound. 

Ten seeds selected on the basis of their physical 
appearance were placed around and within 0.5 cm. 


from the rim of the watch glass. This setup affords 
a convenient means of providing a moist paper sur- 
face upon which the seeds can be placed without let- 
ting them be immersed in the solution. .\ control 
was provided using 0.5 ml. of ethanol and treating it 
in the above described manner. The observations 
lasted four days and no effect on the germination of 
either the oat or the black mustard seeds was noticed. 

DISCUSSION 

Of the fifteen compounds tested for cholinesterase 
inhibition in vilro, only diphenyl phosphorochlori- 
dothioate and di-(p-tolyl) phosphorochloridothioate 
were shown to be active against this enzyme. 

The general method for comparing inhibitors con- 
sists of the determination of the molar concentra- 
tion of the compounds required to inhibit SO'Tc of the 
enzjme (Iso). The Iso value was calculated to be 
2.30 X 10 M for diphenyl phosphorochlorido- 
thioate and 2.60 X 10 M for di(/J-tolyl) phos- 
phorochloridothioate. 

The results of the experiments performed to de- 
termine the in vitro biological activity of the com- 
pounds used in this investigation toward .AChase 
can be explained on the basis of the electronic 
theory. It is generally accepted that during a 
reaction between an alkyl phosphate and cholin- 
esterase the enzyme becomes phosphorylated (12, 
23). There is also evidence that the phosphate is 
split in this reaction (12, 24). 

The phosphorylation of the enzyme can be ration- 
alized to proceed in a stepwise manner as reiircscntcd 
in Fig. 4. 

It is evident that the success of the first step in the 
phosphorjdation reaction depends upon the electro- 
philic character of the phosphorus atom. In di- 
phenyl phosphorochloridothioate and di-(/)-tolyl) 
phosphorochloridothioate it is influenced primarily 
by tlie chlorine atom, which polarizes the P — Cl 
bond by the inductive effect (P— ► — Cl). 
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Fig. 4. — Electronic mechanism for the phos- 
phorylation of AChase by an alkyl phosifliatc type 
inhibitor. 1' — strongly electronegative group or 
atom. 


Since the determined I.n values for the two jihos- 
phorochloridothioatcs are very close to eaeh other, 
it can be concluded that the pre.scnce of a methyl 
group in di(p-tolyl) phosphonx:hloridothio;ite does 
not influence the electrophilic character <if the plios. 
phorus atom to any significant degree. Further- 
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(1 MOLES ACETVI.CIIOMNi: 

Fib. 1. — Dctcnniiiatiim of optiiiiuin subslralc- 
onzynii; coiiccn tint ions. 


Substances 1 tliroiiBli 4 in Table If were placed 
in the test tubes in the indicated order and incu- 
bated in a therinostatically controlled water bath 
at 37° for thirty minutes. Then I ml. of the sub- 
strate (reagent o) was added to eaeh test tube and 
the incubation continued for another thirty ininute.s. 
At the end of the incubation period, two dro|>s of 
50''! trichloroacetic acid were added to each test 
tube to inactivate the enzyme. The tubes were 
removed from the water bath, the color developed 
using successively 2 ml of alkaline hydroxylaminc, 
1 ml. of hydrochloric acid (1 2), and 1 ml. of 0.37 .\f 
ferric chloride solution. The tubes were shaken 
thoroughly after the addition of each reagent to 
prevent the formation of gas bubbles. Distilled 
water was added to each test tube to bring the vol- 
ume to U) ml., and the color read in a suitable in- 
strument' at 510 mp after thirty minutes. 

Of the fifteen compounds tested in vitro for their 
activity toward .XChase only diphenyl phosphoro- 
chloridothioatc and di-(/)-tolyl) phosphorochlorido- 
thioate inhibited the enzyme, and their Im" were 2.30 
X 10'* ilf and 2.00 X 10'* jlf respectively. Xoneof 
the X-substituted phosphoroamidothioates showed 
any inhibition of .VChase under the conditions of 
the e.xpcrimcnts. 

In order to determine the type of .^Chase in- 
hibition demonstrated by the two ])hosphorochlo- 
ridothioates, it was decided to use the method re- 
ported by Ackermann and Potter (20). In this 
procedure, variable amounts of the enzyme pins or 
minus the inhibitor are plotted against the rate of 
hydrolysis of the substrate. straight line re- 
sults for any given concentration of the inhibitor 
and when no inhibitor is present. In the latter case 
the line crosses the origin. \\'hcn an enzyme is 
inhibited reversibly, the line also crosses the origin 
but its slope is smaller than that of the control. 
If, however, the inhibition is irreversible or psendo- 
irreversible, the slope of the line is the same or 
nearly the same as that of the control but it passes 
the abscissa to the right of the origin and at a dis- 
tance which is proportional to the amount of the 
inhibitor. 


1 Coleman Universal Spectrophotometer, Model II, was 
used in this investigation. 

2 ho is the molar concentration of an inhibitor required to 
inhibit 50% of the enzyme. 


The examination of Figs. 2 and 3 representing the 
plots of the rate of hydrolysis of the substrate against 
varied amounts of the enzyme eluate for ,50, 100, 
and 2.50 meg. /ml. of diphenyl and di-(/)-tolyl) 
pliosphoroehloridothioate indicates that both com- 
pounds inhibit AChase irreversibly or pseudoirre- 
vcrsibly. 

The biological activity of the described X'-sub- 
stituted phosphoroamidothioates as well as that of 
the two phosphorochloridothioates toward living 
organisms was investigated by testing their action 
on the multiplication of certain bacteria and fungi, 
and their influence on the germination of the seeds 
of .some [ilants. 



•ML ELUATE (ENZV.ME) 

I'ig. 2. — Analysis of AChase inhibition by di- 
phenyl pliosphoroehloridothioate according to the 
procedure of Ackermann and Potter (20). A — con- 
trols; li — inhibitor present at 5 mcg./ml. final con- 
centration; C — inhibitor present at 10 mcg./ml. final 
concentration; D — inhibitor present at 25 mcg./ml. 
final concentration. 



ML. ELUATE (ENZYME) 

Fig. 3. — Analysis of AChase inhibition by di-(/>- 
tolyl) pliosphoroehloridothioate according to the 
procedure of Ackermann and Potter (20). A — con- 
trols; B — inhibitor present at 5 mcg./ml. final con- 
centration; C — inhibitor present at 10 meg./mh 
final concentration; D — inhibitor present at -o 
incg./ml. final concentration. 


A report was published about the inhibition of 
growth of Aspergillus niger and Asperigillus flavus 
by certain organophosphorus compounds (21). 
Thus the synthesized thiophosphates were investi- 
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gated for their activity toward microorganisms. 
Micrococcus pyogenes var. aureus, Escherichia colt 
and Candida albicans were used as representatives 
of the Gram-positive and Gram-negative bacteria 
and the fungi respectively. The agar cup method 
and the paper disk technique were chosen for this 
investigation, and three concentrations of the com- 
pounds (1 : 10. 1 : 100, and 1 : 1000) were used in the 
experiments. 

For the agar cup method the compounds were dis- 
solved in extra heavy mineral oil (Nujol, Plough, 
Inc.) with the aid of slight heat. Due to the poor 
solubility of the compounds, all of the 1 : 10 solutions 
yielded uniform heavy suspensions upon cooling to 
the incubation temperature (37°) and were used as 
such to fill the agar cups. A control was provided 
by filling one of the agar cups with Nujol. 

In the paper disk method the compounds were 
dissolved in chloroform (Mallinckrodt Chemical 
Works, Analytical Reagent) to yield 1:10, 1:100, 
and 1:1000 solutions (w/v). The disks, 11 mm. in 
diameter and prepared from E. & D. No. 615 filter 
paper, were immersed in the corresponding solutions 
for a few seconds and the solvent permitted to 
evaporate in the air. The disks were placed upon 
agar seeded with the appropriate microorganisms 
and incubated at 37°. A control was provided by a 
disk immersed in the solvent and treated as above. 

In both methods nutrient agar was used for Micro- 
occus pyogenes and Escherichia coU and Sabaroud’s 
igar for Candida albicans. The plates were read 
It twenty-four hours and forty-eight hours. No in- 
hibition of growth by either the N-substituted 
phosphoroamidothioates or by the two phosphoro- 
chloridothioates which inhibited AChase, was ob- 
served. 

The effect of dialkyl anilidophosphates on the 
germination of the oat (Avena saliva, L.) and black 
mustard seeds (Erassica nigra, L.) as representing 
the mono- and dicotyledonous plant species was 
studied by Ramaswami, el al. (22). These authors 
found some inhibition of the germination of oats 
but no effect on the germination of black mustard 
seeds. Because of the structural similarity between 
the compounds tested by Ramaswami and those 
described in this work, it was decided to investigate 
the influence of the two AChase inhibitors and two 
N-substituted phosphoroamidothioates (non-inhibi- 
tors) chosen at random on the germination of oat 
and black mustard seeds. 

The following procedure, a slight modification of 
that described by Ramaswami, cl al., was used in 
tile germination experiments. A 0.5-ml. aliquot of 
the cthanolic solution of the compound correspond- 
ing to 125 meg. of it was deposited in the center 
of a filter paper disk 12.5 cm. in diameter (What- 
man No. 1). The solvent was permitted to evapo- 
rate in the air and the filter paper placed on a 5-inch 
watch glass containing 25 ml. of distilled water. 
The edge of the paper came flush with the rim of 
the watch glass. The paper was pressed down 
gently with a piece of glass rod to touch the water in 
the watch glass, and the moist area allowed to spread 
evenly throughout the paper. Thus the concentra- 
tions of the compounds tested ranged from 1.25 to 
1.76 moles in one million milliliters depending upon 
the molecular weight of the particular compound. 

Ten seeds selected on the basis of their physical 
appearance were placed around and within 0.5 cm. 


from the rim of the watch glass. This setup affords 
a convenient means of providing a moist paper sur- 
face upon which the seeds can be placed without let- 
ting them be immersed in the solution. .-V control 
was provided using 0.5 ml. of ethanol and treating it 
in the above described manner. The observations 
lasted four days and no effect on the germination of 
either the oat or the black mustard seeds was noticed 

DISCUSSION 

Of the fifteen compounds tested for cholinesterase 
inhibition in vilro, only diphenyl phosphorochlori- 
dothioate and di-(p-tolyl) phosphorochloridothioate 
were shown to be active against this enzyme. 

The general method for comparing inhibitors con- 
sists of the determination of the molar concentra- 
tion of the compounds required to inhibit 50% of the 
cnzjme (Iso). The Iso value was calculated to be 
2.30 X 10~* d/ for diphenyl phosphorochlorido- 
thioate and 2.60 X 10“'" d/ for di{/;-tolyl) phos- 
phorochloridothioate. 

The results of the experiments performed to de- 
termine the in vilro biological activity of the com- 
pounds used in this investigation toward .-VChase 
can be explained on the basis of the electronic 
theory. It is generally accepted that during a 
reaction between an alkyl phosphate and cholin- 
esterase the enzyme becomes phosphorylated (12, 
23). There is also evidence that the phosphate is 
split in this reaction (12, 24). 

The phosphorylation of the enzyme can be ration- 
alized to proceed in a stepwise manner as represented 
in Fig. 4. 

It is evident that the success of the first step in the 
phosphorylation reaction depends upoji the electro- 
philic character of the phosphorus atom. In di- 
phenyl phosphorochloridothioate and di-(f>-lolyl) 
phosphorochloridothioate it is influenced primarily 
by' the chlorine atom, which polarizes the P — Cl 
bond by the inductive effect (P-* — Cl). 
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Fig. 4. — Electronic mechanism for the phos- 
phorylation of AChase by an alkyl phosphate type 
inhibitor. ]' — strongly electronegative group or 
atom. 


Since the determined To values for the two phos- 
phorochloridolhioates are very close to each other, 
it can be concluded that the presence of a methyl 
group in di(p-tolyl) phosphorochloridothioate does 
not influence the electrophilic character of the phos- 
phorus atom to any significant degree. Further- 
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more, the cliloriiic iitom in the I’ — Cl boiid exerts :i 
greater inductive effect than either tlie iihenoxy or 
the ‘1-niethyIphenoxy groups (25), and thus this 
Iiond is easily Iiroken and the chlorine expelled as the 
chloride ion. 

The ahsenee of any autieholinesterase activity 
observed in the thirteen N-substituted jihosiihoro- 
amidotbioates synlbesi/.cd iu this investigation 
suggests the inability of the.se compounds to plios- 
phorylate the enzyme. An examination of the 
electronic configuration of a iihosphoroamldotbioate 
molecule reveals that the phosphorus atom docs not 
possess an electrophilic character due to the |>rox- 
iniity of a nitrogen atom with two free electrons 
(Fig. 5). Therefore, the first step in the iihosplioryl- 
atioii reaction (I'ig 1) cannot take place and the 
inhibition of the enzyme does not occur. 

Ill the exiierimeiits designed to determine the 
activity of the compounds toward microorganisms 
no inhibition of groivth was observed. The nega- 
tive results of this part of the investigation could lie 
explained on the basis of either the extreme insolu- 
bility of these cotniiounds in water or the unfor- 
tunate choice of the lest organisms 


‘s^ s- 

^ 4 i (ROj P=N- 

H H 

Fig 5 — Resonance forms of an X-substitiited jihos- 
phori laiuidothioate 



The work of Hood and Lange (21) demonstrated 
that the sodium salts of the “half esters" of mono- 
fluorophosphoric acid inhibited the growth of /lj/<cr- 
gilliis niger and As(>crpjllus flni'us but were inactive 
toward bacteria and yeasts. It is possible, therefore, 
that Aficrococcus pyogenes van nnreiis, Eselienehia 
colt and Cundidti nihientts which were used in this 
work to investigate the biological activity of the 
prepared compounds do not possc.ss enzyme sys- 
tems affected by diphenyl phosphorochloridothioate, 
di-(/i-tolyl) phosphorochloridothioate or by either 
one of the N-substituted phosphoroainidothioatcs. 

In the germinatiou experiments it was found 
advisable to deposit a given volume of the etliaiiolic 
solution of the compound in the center of a filter 
paper disk, permit the solvent to evaporate, and 
then use the setup described by Rainaswami, cl nl. 
(22), but substitute distilled water for the dilute 
aqueous solution of the compound. This modifica- 
tion was adopted after several preliminary experi- 
ments demonstrated that even a 0.5% concentra- 
tion of the solvent (ethanol) in distilled water par- 
tially retarded the germination of both the niono- 
and the dicotyledonous plants under the experi- 
mental conditions reported by Rainaswami. 

The germination of the mono- and the dicotyle- 
donous plants used in this investigation was not 
afTccted by either the two phosphorochloridothio- 
ates or by the two phosphoromethylanilidothioatcs 
which were chosen at random out of the thirteen N- 
substituted phosphoroainidothioatcs prepared. 

In vieiy of the fact that the di.alkyl anilidophos- 
phates investigated by Rainaswami, el al , retarded 
to varied degrees the growth of the roots and the 
shoots of a monocotyledonous plant, the negative 


results obtained with diphenyl phosphoro-(m- 
toluido)-ihioate and diphenyl phosphoro-(/Moluido)- 
thioate can be attributed either to the stereo- 
elieinical differences between the above compounds 
as compared to tho.se investigated by Rainaswami 
or to the extreme insolubility of the two phosphoro- 
inclbylaiiiliflothioates in water and thus the inabil- 
ity to jirovide a high enough coiiccntratioii of the 
inhibitor. 

Since neither the two cholinesterase inhibitors; 
i.c. diphenyl anil di(/i-tolyl) pho.sphorochlorido- 
tliioalcs had any effect on the gcrniination of the 
mono- or the dicotyledonous plant li.sed in these 
experiments, it would be safe to assume that the 
insolubility in water rather than the total absence of 
a suitable enzyme system was also responsible for 
the inability of these compounds to influence the 
germination iirocess. Although hemicellulasc and 
iliastase are, iirobably, the first enzymes which 
develop fluriiig the initial phase of the germination 
jiroccss, a number of other enzymes must be re- 
sponsible for the development of the shoots and 
roots (20). 

It is highly imiirobablc that these two phosphoro- 
cliloridothioates are specific cholinesterase inhibitors 
while a miinber of closely related organophospliorus 
coniiiomids is active toward several other enzymes 
(0), .some of which arc known to be present in plant 
cells (20). 

It is concluded that the extreme insolubility in 
water of the pbosphoromcthylanilidothioatesand the 
phosphorochloridothioatcs is responsible for the 
failure of these coiniioimds to retard the growth of 
the roots and shoots of the two particular plant spe- 
cies. Nevertheless, the stereochemical difTcrcnce be- 
tween the former compounds and those tested by 
Rainaswami. el nl., should not be underestimated if 
one keejis in mind the extreme stcrcospecifieity of 
cheniical reactions in biological systems. 
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Bromide Excretion as Affected by 
Chloride Administration* 

By ANN LANGLEY CZERWINSKI 


Blood bromide concentrations in rabbits and dogs were found to be elevated follow- 
ing discontinuance of bromide, not only in animals receiving chloride, but also in 
controls. Elevation of the blood bromide level in controls was significantly greater 
than the elevation observed in those receiving chloride. Fluctuations in bromide 
levels during excretion are taken as evidence that bromide toxicity is related 
to total bromide extracellular retention rather than simply to blood chloride 

replacement. 


S INCE 1922 bromide intoxication therapy has 
generally consisted in withholding bromides, 
forcing fluids, and administering large amounts 
of sodium chloride(l). In 1930 Wagner and 
Bunbury (2) reported that as a consequence of 
chloride administration the blood bromide 
“usually rises slightly and there is an exacerba- 
tion of the toxic symptoms which may prove 
fatal,” They felt that in the presence of de- 
bility, dehydration, or a weakened condition, 
chlorides should be withheld until the bromide 
level had fallen below a dangerous level. Similar 
statements may be found in the literature on 
bromide intoxication (3-7). However, Wuth, 
Diethelm, and others find no such exacerbation 
of symptoms upon chloride administration (8-1 3). 

The present work was undertaken to determine 
whether the blood bromide level falls rapidly 
upon chloride administration, as reported by 
Wuth (8) and Diethelm (9), or rather if it is at 
least temporarily elevated, as claimed by Wagner 
and Bunburj' (2). 

EXPERIMENTAL PROCEDURES 

Test Animals. — Twelve white rabbits and seven 
dogs were used. The animals were fed the usual 
stock diet and allowed free access to water. Blood 
chloride concentrations and chloride excretion were 
determined daily until a norm had been established 
for each animal. 

Production of Bromism. — One gram of sodium 
bromide per Kg. of body weight administered in a 
10% solution by stomach tube on three successive 
days will produce a good degree of acute bromism 
without endangering the life of the experimental 
animal. Chronic bromism in rabbits was obtained 

* Received October 20, 1057, from Department of Biologi- 
cal Sciences. Creighton Univertiity School of Pharmacy, 
Omaha 2, Nchr. 
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by adding enough sodium bromide to tlie drinking 
water so that the rabbits received approximately 
1 Gm. daily. In dogs 0.3 Gm. of sodium bromide per 
Kg. of body weight will produce chronic bromism in 
two weeks. 

Chloride Administration. — When definite bro- 
misra had been obtained, whether acute or chronic, 
approximately half of the animals were placed on 
sodium chloride, the other half being reserved as 
controls. Whenever possible, upon recovery, the 
animal was again treated with bromides and the 
procedure reversed; that is, an animal previously 
treated with chloride was allowed to recover with- 
out chloride. For purposes of comparison, four 
rabbits used for acute bromism and treated with 
chloride were subsequently subjected to chronic 
bromism. Rabbits received 1 Gm, of sodium chlo- 
ride per Kg. of body weight in a 10% solution daily 
by stomach tube. Controls received an equal 
amount of distilled water by stomach tube. Dogs 
receiv'ed the same dosage administered in capsules. 

Analytical Methods. — Blood chloride or total 
halides were determined by the modified Volliard- 
Harvey titration on a protein-free filtrate (H). 
Blood bromide was determined by the Greenberg 
method, in which the bromide of deproteinized 
whole blood is oxidized to bromate and determined 
by iodomctric titration (15). Urinary chloride 
and bromide were determined by using these same 
tests on a diluted portion of urine taken from a well- 
mixed twenty-four-liour sample. Since urine and 
blood samples were collected each moniing, the 
urine represents the excretion for the total day pre- 
ceding the specific blood level set down for that day. 

RESULTS 

Effect of Chloride on Blood Bromide Level. — 
The effects of administering sodium cldoride to rab- 
bits in a state of bromide intoxication arc shown 
in Tabic I, to dogs in Table II. The last column 
gives the increase or decrease in the blood bromide 
level which occurred between the first and second 
rlays following the last dose of bromide. 

Seventy-five per cent of the animals on cliloridcs 
show a rise in bI(K>d bromide level between the first 
and second day after tlie last dose of bromide. Of 
the animals reserved as controls. 70% show a rise 
in blood bromide. Approximately 85% of the rab- 
bits show an increase in the blood bromide level ir- 
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IlbxM 

1 I tvcls 

Jlloofl ] 

Levels 

Blood Levels 

Increase!' 


<ni L 

isi Day 

on 1st 

IXlV 

f»n 2nfl Dav 

or 


^ -ofnromide' 

after Hrorriick * » < after 

Bromule'* % 

Decrease 

Rabbit 

Cl 

Hr 

Cl 

Hr 

Cl 

Br 





Acute Broinisin Not on Chloride 



A 

4 28 

0 00 

4 l.G 

2 ,3.3 

.3 .31 

4.00 

1 45 

B 

') 40 

3 02 

r> 40 

1 1.3 

.3 20 

1 71 

0 50 

E 

G 12 

0 .GO 

.5 00 

.3 .30 

4 20 

4 40 

0 90 

F 

8 13 

0 10 

8 01 

1 O'l 

4 02 

4 42 

3 33 

11 

<1 70 

0 73 

1 41 

4 (12 

.3 08 

4 22 

0 20 


0 78 

0 02 

0 .31 

1 02 

0 10 

2 4(1 

0 84 

1 

8 20 

0 31 

3 .38 

1 .3.3 

4 .32 

2 32 

-2 03 

I'; 

1 02 

2 02 

7 .37 

0 11 

0 01 

1 20 

1 09 




Anile Bromisin on Chloride 




A 

00 

2 2.G 

0 00 

1 <18 

11 40 

3 8.3 

1 87 

!•: 

7 7)8 

T .32 

10 7.3 

1 00 

8 2.8 

1 40 

0 31 

1 

7 3G 

0 00 

7 .31 

0 08 

8 17 

0 81 

-0 14 

B: 

7) 80 

1 20 

0 1 1 

0 .3<l 

.3 00 

0 SO 

0 .30 



Chronic Broiiiisiii Xot on Chloride 



C 



1 10 

1 00 

2 10 

.3 28 

1 32 

D 



.3 .3 2 

1 17 

1 28 

,3 2.3 

1 08 

E 



1 87 

2 20 

3 .3.3 

3 20 

1 00 

B. 



1 .37 

.3 88 

I 00 

1 ,30 

-2 52 

G- 

3 71 

2 00 

1 .88 

2 11 

2 .8.3 

3 .32 

1 18 




Chronic Bromisin on Chloride 




1 



.3 02 

.3 1.8 

2 02 

3 44 

0 20 

F. 



2 .31 

2 78 

.3 T-'O 

2 98 

0 20 

11; 



.3 .38 

2 .30 

.3 01 

3 18 

0 08 


' 1 txpri ss iiK'i ptr 100 nil nf 

f Avcrikc iiuriiM tti bhxid Iironndi 1(.\ cl <if r dditl'* not on clitondt . I lS.u\crti:i incrc'i''C tn blood Oromtdc lev l! of rabbits 
on clilondc 0 00 


rAIllE 11 -BlOOI) 

Er\ 1 1 s : 

IS Dons IH'Risn First Two 

Da\s or 

Withdrawal 

Period 


Blood 

I tvcls 

Blood I tvcls 

Blood Levels 



on I ist Dav 

on ls( D IV 

on 2nd Da> 

Increase! 


of Hr<nnidi ‘ — » - ifttr nrinmdc'* — • 

■ after Bromide" * 

or 

Dos ' 

LI 

Hr 

Cl Br 

Cl 

Hr 

Decrease 




Acute Bromisin Not on Chloride 



120 .3 

0,3 

0 27 

1 01 1 20 

7 00 

0 04 

-0 50 

3 

01 

0 70 

4 ,31 2 42 

2 19 

1 29 

-1 13 

121 1 

10 

2 12 

0 .34 0 SI 

4 53 

2 GO 

1 79 

,3 

12 

0 72 

4 05 2 44 

3 20 

2 82 

0 38 

122 .3 

20 

0 71 

.3 89 2 5.3 

5 S3 

0 94 

-1 01 




Acntc Bromisin on Chloride 




121 0 

11 

0 20 

4 71 2 02 

0 10 

0 S3 

-1 79 

122 .3 

2.3 

1 .30 

4 05 1 43 

4 20 

2 22 

0 79 

.3 

.33 

0 ,31 

3 .85 2 28 

3 08 

I 94 

-0 34 



Chronic Bromisin Not on Clilondc 



11.3 



3 75 1 03 

2 97 

2 74 

1 11 

110 



3 05 3 90 

2 85 

2 52 

-1 38 




Chronic Bromisin on Chloride 




117 



3 .39 1 SI 

4 04 

1 88 

0 07 

118 



.3 58 1 89 

4 17 

2 10 

0 21 


" riRurcs express meq per 100 nd of blood 

Average increase in blood bromide level of dogs not on chloride, ! 0^, average increase in blood bromide level of dogs o 
chloride, 0 i(> 


respective of chloride administration In the 
dogs, G0% of those on chloride showed an eleva- 
tion of the blood bromide, while 43% of the con- 
trols manifested a higher blood bromide 


The average increase in the blood bromide Icve s 
of the individual groups of animals is also significant 
For those rabbits on chloride, the average increase 
was 0 GO meq /lOO ml of blood; while for the con- 
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trols, the average increase was 1.18 raeq./lOO ml. — 
an increase practically twice that of the rabbits on 
chloride. The dogs on chloride showed an increase 
in the blood bromide level of 0.26 meq./lOO ml. of 
blood, while the controls showed an increase of 1.09 
meq./lOO ml. — a difference three times that of the 
animals on salt. 

Only 1 rabbit (Ba) showed an elevated blood bro- 
mide on chloride but not when used as a control. 
Thus, with rabbits, in only one case out of twelve, 
could the chloride have been said to have caused an 
elevation of the bromide level. Inspection of 
Table 11 shows that in dog No. 121 the blood bro- 
mide level was elevated twice during control periods, 
but was definitely lowered when given sodium chlo- 
ride. In the case of No. 122, there is only incon- 
clusive evidence, as the blood bromide both rose 
and fell when chloride was administered. 

Effects of Chloride on Amount of Bromide Ex- 
creted. — In rabbits chloride administration tends 
materially to aid bromide excretion (Table III). 
In acute bromism the rabbits on chloride excreted 
an average of 1.55 meq. of bromide daily as against 
0.42 meq. by the controls. In chronic bromism, 
those given chloride excreted on the average 1.53 
meq. of bromide daily, while controls excreted 0.99 
meq. of bromide. 

The same ratio prevails with dogs if the intoxica- 
tion is acute, but not if the bromism is chronic 
(Table IV). 


Table III. — Bromide Excretion in Rabbits 


Rabbit Tima in Days meq. of Bromide Excreted 

Acute Bromism not on Chloride 
A 2 0.04 

B 1 3.52 

E 2 1.71 

F 2 0,51 

H 5 0.45 

I 2 0,06 

F. 6 2.30 

Average Excretion in 24 hours 0.42 
Acute Bromism on Chloride 
A 2 3.75 

E 3 4,48 

I 3 7.S7 

B. 0 5.56 

Average Excretion in 24 Hours 1.55 
Chronic Bromism not on Chloride 
C 10 S.12 

E S 9.26 

B. 10 10,32 

Average Excretion in 24 Hours 0.99 
Chronic Bromism on Chloride 
I S 5.21 

F. 9 13.04 

H: 8 19 92 

Average Excretion in 24 Hours 1.53 


Effect of Chloride on Final Blood Bromide Level. 
— The final blood bromide level in animals receiving 
chloride was lower than that in controls. In rabbits 
with acute bromism on sodium chloride, the average 


Table IV. — Bromide Excretion in Dogs 


Dog 

Time in Days 

meq. of Bromide Excreted 


Acute Bromism Not on Chloride 

122 

2 

3. 84 

121 

5 

1.16 

120 

7 

10.32 


Average Excretion in 24 Hours 1.09 


Acute Bromism on Chloride 

122 

12 

20.41 

121 

2 

32.74 


Average Excretion 

in 24 Hours 3.S0 


Chronic Bromism Not on Chloride 

115 

10 

5.57 

116 

10 

11.77 


Average Excretion 

in 24 Hours 0.87 


Chronic Bromism on Chloride 

117 

10 

8.85 

118 

10 

9.03 


Average Excretion 

in 24 Hours 0.S9 


final blood bromide was 0.28 meq./lOO ml. of blood, 
while the average final level in controls was 0.45 
meq./lOO ml. The average final level in chloride- 
treated rabbits with chronic intoxication was 0.05 
meq./lOO ml. while controls showed 0.16 meq./lOO 
ml. of blood. Similar results were seen in the dogs. 

Effect of Potassium Nitrate. — One dog was placed 
on potassium nitrate in an attempt to distinguish 
between the salt action and the bromide-replace- 
ment action of sodium chloride. Although definite 
conclusions in this case were impossible, it seemed 
that the potassium nitrate increased the urine vol- 
ume without increasing the bromide e.xcretion. 

Course of Bromide Intoxication in Rabbits and 
Dogs — In general, as the blood bromide rises, blood 
chloride tends to fall. But the course of bromide 
e.\crction is not an orderly, gradual decline in the 
blood bromide. Thus the rise in blood bromide 
following discontinuance of bromide is followed by 
several smaller fluctuations in the blood bretnide 
as excretion occurs. Of interest also is the occurrence 
of low blood bromide levels even during periods 
when bromide dosage was Iiigli, for fluctuations 
during the production of bromide intoxication arc 
also observed. 


DISCUSSION 

In tlic present work blood bromide concentra- 
tions were found to be elevated following discon- 
tinuance of bromide not only in tiiosc animals re- 
ceiving chloride, but also in the controls. A tem- 
porary elevation of blood bromide would seem to 
be. then, part of the physiological mechanism con- 
cerned with bromide excretion, rather tlian de- 
pendent on cliloridc administration. 

During the development of bromide intoxication, 
the blood absorbs bromide from the gastrointestinal 
tract and transfers it to the tissue fluids, where it 
replaces chloride. In the meantime, the kidneys 
excrete large amounts of chloride, with accompain-- 
ing small amounts of bromide, in order to maintain 
osmotic equilibrium of blood and tissue fluids. 
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Tliiis n I'.riuliciit is csliililislu'd In'lwi'cii llic Iiloml 
inul lisstu' llliid which fiivors dcposilioii of hroiiiidc 
ill Ihc tissues. When the system Ihiidly rejielies 
eiiiiilihiimii, ns it will with imy itiveii dose, the kid- 
neys will eseiete npinositnnlely the nnionnt of liro- 
inide invested. However, minor Ihietnntions even 
dnrint; this peiiod will oeenr, dependint; prineipally 
upon the lotid hidide eoneentiiition of the Idood. 
When Inomide is diseontimied, the eipiilihrinin is 
upset, mid the ipiidient revel sed. 'I'lie hlood now 
heeonies mi eNeielion medinni, reeeivini: Inomide 
fioni the tissues. If the total halide eoneenlration 
of the hlood Is not siieli that Inomide e\eietion is 
favored, theie will lesillt a tenipoiary elevation of 
hlood Inomide. Moieovei, wheiievei diilini; the 
peiiod of withdiawal the hlood halide eoneenlration 
is loweied, snhseipieni lises in the hlood Inomide 
will he ohsei ved. 

The elevation of the hlood hioniiile in the controls 
was ohsei veil to he siitiiilieanlly piealer than the 
elevation in those leeeivini; eldoiide Thus rahhils 
lesetveil as eonliols show a lenpiorary hlood hro- 
iiiide rise praelieally twice that of ehloi ide-treated 
lahhils, while the decree of hlood hroniide elevation 
in milrealed doits is Ihiee times that of doRs on salt. 
Rather than "liheiatiiit; hroniide from the tissues 
faster than it can he eliminated hy the kidney," 
as postulated hy WaRiier ami llimhiiry ("J), the 
eldoiide would seem to hasten urinary everetiou of 
Inomide, which is heiiii; eveieted from the tissues via 
the hlood Uolh Iloiiaiisky and Modell (Id), ami 
Wolf and Radie (17), workiiiR sepaiately, have 
shown that a eomlllion in which the hlood is satu- 
rated with halide favors hiotuiile excretion The 
netioii of eldoiide, then, is to lower the hlood hro- 
iliide level hy inereasini; the total halide eoneentra- 
lion of the hlood and thus facilitate hroniide e.xere 
lion 

Much has heen wiilleii eoneeriiiiiK the toxic hlood 
hroniide level. This woik shows that neither the 
piodiielioii of Inomide intoxication nor the course 
of hroniide exeielion is lepresented hy an ordeily, 
eoiistant elevation or deeline in the hlood hroniide. 
Since the hlood hroniide level is neeessaiily a ftiiie- 
lion not only of intestinal ahsorption and kidney 
excretion, hut also of tissue llnid ahsorption ami 
seeietioii, which in turn de|)eml upon the total 
hody hromide-ehloi ide halaiiee, it would seem more 
reasonahle to consider hioniiile toxicity as related 
to total extracellular retention of hroniide rather 
than simply to hlood chloride replacement Such a 
concept could resolve niueh of the exisiiiiR confusion 
ahont the toxic hroniide level. 

I'or example, it was noted that rahhil R showed 
all the elinieal symptoms of hroniisni when the 
hlood level was l.tK) nie(i.,''ll)l) nil. There followed 
the usual teiuiiorary elevation, then a deeline Hut 
einht days later the hlood hroniide was l.-IO iiieq., 
althoiiKh the animal was much improved. It would 
seem that hroniide intoxication depends upon the 
total hroniide depot rather than upon hlood hroniide 
alone. 

Conver.sely, iIor No. I'Jl was ohsei ved to have an 
extremely low hlood hromide eonteiit followiiiR :i 
dose of O.S Gm. of hromide on the previous day, al- 
tliouRli the animal was heKiniiiiiK to show the elini- 
eal elTeels of hromide. .Siieh a pheiionienon would 
explain the ease of acute hromide poisoning re- 


ported hy Perkins (.'!), in which the hromide level 
was only Ifi mg. %, althongh the patient was coma- 
tose. Hodansky and Modell (10) have pointed out 
that iiijeclions of large amounts of hroniide pro- 
mote urinary excretion of hromide just as docs chlo- 
ride. hy raising the total hlood halide concentration. 
It may he surmised that suhsef|uent hlood hromide 
delerniinatioiis on the aforementioned patient 
would have revealed much higher hromide levels 
resnltiiig front .secretion of hromide from the tissue 
spaces into the hlood. 

Several of the animals suffered a replaceiiicnt of 
more than -11)% of hlood chloride and yet .survived. 
If I'lrich's figure of .‘10% chloride rcpiacenieiit is to 
he accepted as the toxic limit ( IS), and if Hcriiotilli’s 
figure of 111% replacement is to he regarded as fatal 
(ID), it would seem better to interpret them with 
lefeience to the total hody chloride rather than to 
hlood chloride only. This would explain such casc.s 
as that noted hy Wold (11), in which a patient 
with a level of .'itlO mg. % hroniide survived. Al- 
though this level indicated a -12% replacement of 
hlood chloride, it did not necessarily refieet the c.x- 
tent of total hody chloride replacement. 

Since hlood hromide concentrations have heen 
demonstrated in the present work to he elevated 
following iliseontinnance of hromide not only in 
those animals receiving chloride, hut also in con- 
trols; and since the degree of elevation in the con- 
trols is invariahly greater than in chloride-treated 
animals, it would seem iiiadvisahle to witliliold 
chloride for fear of elevating the hromide level. 

.SUMMARY 

1. .Xctito and elironic hnmiidc intoxication 
were iiuliiccd iti rahhils and diyRS with suitable 
elosage. 

2. The level of chloritle and hromide in hlood 
and urine of 12 rahhils and 7 dogs sliowiiig clini- 
cal evidence of hromide intoxication was detcr- 
iiiined daily for two weeks following discon- 
tiniianex.' of hromide to detcnniiic whether 
chloride administration elevated hlood hromide 
levels. 

,■>. Hlood hromitle concentrations were found 
to he elevated following discontiiniance of hro- 
mide not only in those animals receiving chloride 
hut also in the controls. Moreover, the eleva- 
tion of the hlood hromide level in the eoiitrols 
was signilieantly greater than the elevation ob- 
served in those receiving chloride. 

■1. The hlood hromide level was observed to 
lUictnate considerably during c.xcretion. This 
is taken as evidenee that hromide toxicity is 
related to total extraccllnlar hromide retention 
rather than simply to hlood chloride rcplaccincnt. 
The hlood hromide level may he considered to he 
a function not only of intestinal ahsorption and 
kitlncy excretion, hut also of tissue fluid ahsorp- 
tion and secretion, which in turn depend upon 
the total body hromide-chloride balance. 
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The Antimicrobial Activity of Perfume Oils* 

By JASPER C. MARUZZELLA and PERCIVAL A. HENRY 


One hundred perfume oils were tested for anti- 
microbial properties against a series of patho- 
genic and nonpathogenic bacteria and fungi. 
The in vitro filter paper disk method was used 
exclusively for testing activity. The perfume 
oils were found to possess remarkable anti- 
microbial properties with greater activity 
against fungi than against bacteria. It is sug- 
gested that perfume oils be incorporated more 
widely into common toilet articles applied to 
the body surfaces as well as medicaments used 
externally. 

UNDRCDS of substances are applied to the 
skin and hair of the human body for cos- 
metic and hygienic purposes Many of these 
substances are made aromatic to increase their 
ornamental value and to mask unpleasant odors. 
Yet the study of the antimicrobial activity of 
perfume oils has been somewhat neglected. In 
1924 Dyche-Teague (1) was apparently the first 
investigator to demonstrate that alcoholic per- 
fumes exhibited an antibacterial effect. He util- 
ized the phenol coefficient method and as the test 
organism a mixed culture of bacteria obtained 
from the nose consisting essentially' of Micrococcus 
caiarrhalis. In that same year Bry'ant (2) con- 
firmed the work of Dyche-Teague on the bacterial 
activity of alcoholic perfumes using as the test 
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organism a pure culture of B coli communis. 
Recently Lord and Husa (3) found that some per- 
fume oils inhibited mold growth in very' low con- 
centrations. These investigators suggested that 
perfumery materials might be used as preserx’a- 
tives. This report describes the in vitro anti- 
microbial activity of perfume oils against patho- 
genic and nonpathogenic bacteria and fungi. 

MATERIALS AND METHODS 

The detection of the antimicrobial activity of 100 
perfume oils was made by observing their effects on 
growing cultures of ten bacteria and ten fungi The 
test organisms used were: Pseudomonas aeruginosa, 
Erwima caralovora, Eschencina colt, Scrralia mar- 
ccscens, Mierococcus pyogenes var aureus, Mycobac- 
terium phlet. Neisseria perflaxa. Bacillus suhtihs. 
Salmonella typhosa, Candida albicans, Candida 
tropicalis, Candida kriisci, Strcptoniyccs venczuelac, 
Saccliaromyccs ccrcviscac, Aspergillus niger. Crypto- 
coccus rliodobenliani, Nigrospora pantci, Miicor 
miiccdo, and Pcnicilhum notatum. All of the bac- 
teria were cultivated in nutrient agar and nutrient 
broth (Difco) for twenty-four hours at 37° with the 
exception of E caratoiora which was cultivated in 
nutrient agar and broth at room temperature for 
forty-eight hours and ill plilci which was cultivated 
in glucose yeast infusion agar and broth lor forty- 
eight hours at room temperature All of the fungi 
were cultivated in Sabotiraud dextrose agar and 
broth (Difco) for forty-eight hours at room tem- 
perature with the exception of C rliodobenliani, N. 
panic! , and M mucedo which were incubated for 
one week at room temperature The niold-hke 
bacterium 5 icnczuclae was cultixatcd on nutrient 
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The Antimicrobial Activity of Perfume Oils* 

By JASPER C. MARUZZELLA and PERCIVAL A. HENRY 


One hundred perfume oils were tested for anti- 
microbial properties against a series of patho- 
genic and nonpathogenic bacteria and fungi. 
The in vitro filter paper disk method was used 
exclusively for testing activity. The perfume 
oils were found to possess remarkable anti- 
microbial properties with greater activity 
against fungi than against bacteria. It is sug- 
gested that perfume oils be incorporated more 
widely into common toilet articles applied to 
the body surfaces as well as medicaments used 
externally. 

"LJundreds of substances are applied to the 
skin and hair of the human body for cos- 
metic and hygienic purposes. Many of these 
substances are made aromatic to increase their 
ornamental value and to mask unpleasant odors. 
Yet the study of the antimicrobial activity' of 
perfume oils has been somewhat neglected. In 
1924 Dyche-Teague (1) was apparently the first 
investigator to demonstrate that alcoholic per- 
fumes exhibited an antibacterial effect. He util- 
ized the phenol coefficient method and as the test 
organism a mixed culture of bacteria obtained 
from the nose consisting essentially of Aficrococcus 
calarrhalis. In that same year Brj'ant (2) con- 
firmed the work of Dyclie-Teague on the bacterial 
activity of alcoholic perfumes using as the test 
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organism a pure culture of B. colt communis. 
Recently Lord and Husa (3) found that some per- 
fume oils inhibited mold growth in verj' low con- 
centrations. These investigators suggested that 
perfumer)' materials might be used as preserv'a- 
tives. This report describes the in vitro anti- 
microbial activity of perfume oils against patho- 
genic and nonpathogenic bacteria and fungi. 

MATERIALS AND METHODS 

The detection of the antimicrobial activity of 100 
perfume oils was made by observing their effects on 
grow ing cultures of ten bacteria and ten fungi. The 
test organisms used vere: Pseudomonas aeruginosa, 
Erwtnta caratovora, Escherichia colt, Scrralta mar- 
ccsccns. Micrococcus pyogenes var aureus, Mycobac- 
terium phtei. Neisseria perflava. Bacillus siibtilis, 
SalmoneUa typhosa, Candida albicans, Candida 
tropicalis, Candida kriisci, Slrcptomyccs vcnczuclac, 
Saccharomyccs ccrcviscac, Aspergillus ingcr. Crypto- 
coccus rhodobenham, Nigrospora panici, Miicor 
inucedo, and Pcnicilliiim nolatum. .411 of the bac- 
teria were cultivated in nutrient agar and nutrient 
broth (Difeo) for twenty-four hours at .37° v ith the 
exception of E caratovora which was cultivated in 
nutrient agar and broth at room temperature for 
forty-eight hours and ^1/ phlci which was cultivated 
in glucose yeast infusion agar and broth for forty- 
eight hours at room temperature All of the fungi 
were cultiv.atcd in Sabouraud dextrose ag.ir and 
broth (Difeo) for forty-eight hours at room tem- 
pcniturc with the exception of C rhodobenham, N. 
panici, and -V inucedo which were incubated for 
one week at room temperature The mold-like 
bacterium 5 icncziiclac was cultivated on nutrient 
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Thus a gradient is cstablislied between tlie blood 
and tissue fluid which favors deposition of bromide 
in the tissues. When the system finally reaches 
equilibrium, as it will with any given dose, the kid- 
neys will c.xerete approximately the amount of bro- 
mide ingested. However, minor fluctuations even 
during this period will occur, depending principally 
upon the total halide concentration of the blood. 
When bromide is discontinued, the equilibrium is 
upset, and the gradient reversed. The blood now 
becomes an excretion medium, receiving bromide 
from the tissues. If the total halide concentration 
of the blood is not such that bromide excretion is 
favored, there will result a temporary elevation of 
blood bromide. Moreover, whenever {hiring the 
period of withdrawal the blood halide coucentralioii 
is lowered, subsequent rises in the blood bromide 
will be observed. 

The elevation of the blood bromide in the controls 
was observed to be significantly greater than the 
elevation in those receiving chloride. Thus rabbits 
reserved as controls show a temponiry blood bro- 
mide rise practically twice that of chloride-treated 
rabbits, while the degree of blood bromide elevation 
in untreated dogs is three times that of dogs on salt. 
Rather than "liberating bromide from the tissues 
faster than it can be eliminated by the kidney,” 
as postulated by Wagner and Bunbury (2), the 
chloride would seem to hasten urinary excretion of 
bromide, which is being excreted from the tissues via 
the blood. Doth Bodansky and Modell (10), and 
Wolf and Eadie (17), working sejiarately, have 
shown that a condition in which the blood is satu- 
rated with halide favors bromide excretion. The 
action of chloride, then, is to lower the blood bro- 
mide level by increasing the total halide concentni- 
tion of the blood and thus facilitate bromide cxcre 
tion. 

Much has been written concerning the toxic blood 
bromide level. This work shows that neither the 
production of bromide intoxication nor the course 
of bromide excretion is represented by an orderl)', 
constant elevation or decline in the blood bromide. 
Since the blood bromide level is necessarily a func- 
tion not only of intestinal absorption and kidney 
exeretion, but also of tissue fluid absorption and 
secretion, which in turn depend upon the total 
body bromide-chloride balance, it would seem more 
reasonable to consider bromide toxicity as rchited 
to total extracellular retention of bromide rather 
than simply to blood chloride replacement. Such a 
concept could resolve much of the existing confusion 
about the toxic bromide level. 

For example, it was noted that rabbit E showed 
all the clinical symptoms of bromism when the 
blood level was 1.00 meq./lOO ml. There followed 
the usual temporary elevation, then a decline. But 
eight days later the blood bromide was 1.40 mcq., 
although the aiumal was much improved. It would 
seem that bromide intoxication depends upon the 
total bromide depot rather than upon blood bromide 
alone. 

Conversely, dog No. 121 was observed to have an 
extremely low blood bromide content following a 
dose of 6.8 Gm. of bromide on the previous daj% al- 
though the animal was beginning to show the clini- 
cal effects of bromide. Such a phenomenon would 
explain the case of acute bromide poisoning re- 


ported by Perkins (.8), in which the bromide level 
was only lb mg. %, although the patient was coma- 
tose. Bodansky and Modell (10) have pointed out 
that injeetions of large amounts of bromide pro- 
mote urinary excretion of bromide just as does chlo- 
ride, by raising the total blood halide coneentration. 
It may be surmised that subsequent blood bromide 
determinations on the aforementioned patient 
would have revealed much higher bromide levels 
resulting from secretion of bromide from the tissue 
spaces into the blood. 

Several of the animals suffered a replacement of 
more than 40% of blood chloride and yet survived. 
If Ulrich's figure of .‘10% chloride replacement is to 
be accepted as the toxic limit ( 18), and if Bernoulli's 
figure of 40% replacement is to be regarded as fatal 
(19), it would seem better to interpret them with 
reference to the total body chloride rather than to 
blood chloride only. This would explain such cases 
as that noted by Wohl (11), in which a patient 
with a level of 500 mg. % bromide survived. Al- 
though this level indicated a 42% replacement of 
blood chloride, it did not neccssaril}' reflect the ex- 
tent of total body chloride replacement. 

Since blood bromide concentrations have been 
demonstrated in the present work to be elevated 
following discontinuance of bromide not only in 
those animals receiving chloride, but also in con- 
trols; and since the degree of elevation in the con- 
trols is invariably greater than in chloride-treated 
animals, it would seem inadvisable to withhold 
chloride for fear of elevating the bromide level. 

SUMMARY 

1. Acute and chronic bromide intoxication 
were induced in rabbits and dogs witli suitable 
dosage, 

2. The level of chloride and bromide in blood 
and urine of 12 rabbits and 7 dogs showing clini- 
cal evidence of bromide intoxication was deter- 
mined daily for two weeks following discon- 
tinuance of bromide to detenninc whether 
chloride administration elevated blood bromide 
levels. 

3. Blood bromide concentrations were found 
to be elevated following discontinuance of bro- 
mide not only in those animals receiving chloride 
but also in the controls. Aloreovcr, the eleva- 
tion of the blood bromide level in the controls 
was significantly greater than the elevation ob- 
served in those receiving chloride. 

4. The blood bromide level was observed to 
fluctuate considerably during excretion. This 
is taken as evidence that bromide toxicity is 
related to total extracellular bromide retention 
rather than simpl}' to blood chloride replacement. 
The blood bromide level may be considered to be 
a function not only of intestinal absorption and 
kidney excretion, but also of tissue fluid absorp- 
tion and secretion, which in turn depend upon 
the total body bromide-chloride balance. 
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The Antimicrobial Activity of Perfume Oils"^ 

By JASPER C. MARUZZELLA and PERCIVAL A. HENRY 


One hundred perfume oils were tested for anti- 
microbial properties against a series of patho- 
genic and nonpathogenic bacteria and fungi. 
The in vitro filter paper disk method was used 
exclusively for testing activity. The perfume 
oils were found to possess remarkable anti- 
microbial properties with greater activity 
against fungi than against bacteria. It is sug- 
gested that perfume oils be incorporated more 
widely into common toilet articles applied to 
the body surfaces as well as medicaments used 
externally. 

TLTundreds of substances are applied to the 
-*■ -*■ skin and hair of the human body for cos- 
metic and hygienic purposes. Many of these 
substances are made aromatic to increase tlieir 
ornamental value and to mask unpleasant odors 
Yet the study of the antimicrobial activity of 
perfume oils has been somewhat neglected. In 
1924 Dj'che-Teaguc (1) was apparently the first 
investigator to demonstrate that alcoholic per- 
fumes exhibited an antibacterial effect. He util- 
ized the phenol coefficient method and as the test 
organism a mixed culture of bacteria obtained 
from the nose consisting essentially of ^ficrococcns 
catarrJmlis In that same year Brj’ant (2) con- 
firmed the work of Dyche-Teague on the bacterial 
activity of alcoholic perfumes using as the test 
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organism a pure culture of B coU commtmis. 
Recently Lord and Husa (3) found that some per- 
fume oils inhibited mold growth m very' low con- 
centrations. These investigators suggested that 
perfumer}^ materials might be used as presen-a- 
tives. This report describes the in vitro anti- 
microbial activity of perfume oils against patho- 
genic and nonpathogenic bacteria and fungi. 

MATERIALS AND METHODS 

The detection of the antimicrobial activity of 100 
perfume oils vas made by observing their effects on 
growing cultures of ten bacteria and ten fungi Tlie 
test organisms used were Pseudomonas aeruginosa, 
Erwinta caratovora, Escherichia call, Scrratia mar- 
ccsccns, Micrococcus pyogenes lar aureus, Mycobac- 
Icnuiii phlci. Neisseria pcrflaia. Bacillus sublilis. 
Salmonella lyphosa, Candida albicans, Candida 
tropicalis, Candida kriisci, Slrcplomyccs icnczuclac, 
Saccharomyccs ccrciiscac, Aspergillus nigcr. Crypto- 
coccus rhodobcnhani, Nigrospora pantci, Mucor 
niuccdo, and Pcnicilliitni nolatum. .\11 of the bac- 
teria were cultivated in nutrient agar and nutrient 
broth (Difeo) for twenty-four hours at 37° with the 
exception of E. earatenora which was cultivated m 
nutrient agar and broth at room temperature for 
forty-eight hours and ^1/ phtci wliich was cultivated 
in glucose yeast infusion agar and broth for forty- 
eight flours at room temperature All of the fungi 
were cultivated in Sabouraud dextrose agar and 
broth (Difco) for forty-eight liours at room tem- 
perature with tlie exception of C rhodobcnhani, N. 
pitntct, and . 1 / niuccdo wbicli were incubated for 
one week at room temperature Tlie iiiold-like 
bacterium 5. iciiczudac was cultivated on nutrient 



470 


Journal oi the American PiiARMAccuncAL Association 


Vol XLVII, No 7 


Thus a gradient is established between the blood 
and tissue fluid uhieh favors deposition of bromide 
in the tissues When the s> stem finally rcaehes 
equilibrium, as it will with any given dose, the kid 
neys will excrete approximatclj the amount of bro- 
mide ingested However, minor fluctuations even 
during this period will occur, depending principall} 
upon the total halide concentration of the blood 
When bromide is discontinued, the equilibrium is 
upset, and the gradient rexersed The blood now 
becomes an excretion medium, receiving bromide 
from the tissues If the total halide concentration 
of the blood is not such that bromide excretion is 
favored, there will result t temporary elevation of 
blood bromide Moreover, whenever during the 
period of withdraw il the blood halide coiicciitration 
IS lowered, subsequent rises in the blood bromide 
vv ill be observed 

The elevation of the blood bromide m the controls 
was observed to be significantlj greater than the 
elev ation m those rcceiv ing chloride Thus r dibits 
reserved as controls show a temporarv blood bro 
inidc rise practically twice that of chloride tre itcd 
rabbits, while the degree of blood bromide elevation 
in untreated dogs is three tunes that of dogs on salt 
Rather than ‘ liberating bromide from the tissues 
faster than it can be eliminated by the kidney ," 
as postulated by Wagner and Bunbury (2), the 
chloride would seem to hasten urinary excretion of 
bromide, which is being excreted from the tissues v la 
the blood Both Bodansky and Modcll (IG), and 
Wolf and Eadic (17), working sep irately, have 
shown that a condition in which the blood is satu 
rated with halide favors bromide excretion The 
action of chloride, then, is to lower the blood bro 
mide level by increasing the total halide concciilra- 
tion of the blood and thus facilitate bromide cxcrc 
tion 

Much has been written concerning the toxic blood 
bromide level This work shows that neither tilt 
production of bromide intoxication nor the course 
of bromide excretion is represented bv an orderly . 
constant elevation or decline in the blood broiiiidt 
Since the blood bromide lev cl is ntccss irilv a fuiic 
tion not only of intestinal absorption and kidiity 
excretion, but also of tissue fluid absorption and 
secretion, which in turn depend upon the total 
body bromide chloride balance, it would seem more 
reasonable to consider bromide toxicity as related 
to total extracellular retention of bromide rather 
than simply to blood chloride replacement Such a 
concept could rcsolv e much of the existing confusion 
about the toxic bromide lev cl 

For example, it was noted that rabbit E showed 
all the clinical symptoms of bromism when the 
blood level was 1 00 nieq /lOO ml There followed 
the usual temporary elev ation, then a decline But 
eight days later the blood bromide was 1 40 iiicq , 
although the animal was much improv ed It would 
seem that bromide intoxication depends upon the 
total bromide depot rather than upon blood bromide 
alone 

Conv'ersely', dog No 121 was observed to have an 
extremely low blood bromide content following a 
dose of 6 8 Gm of bromide on the previous day, al 
though the animal was beginning to show the chin 
cal effects of bromide Such a phenomenon would 
explain the case of acute bromide potsoning re- 


ported by Perkins (3), in which the bromide level 
was only 15 mg %, although the patient was coma 
tosc Bodansky and Modell (IG) have pointed out 
that injections of large amounts of bromide pro 
mote urinary excretion of bromide just as does chlo 
ride, by raising the total blood halide concentration 
It m ly be surmised that subsequent blood bromide 
determinations on the aforementioned patient 
would have revealed much higher bromide levels 
resulting from secretion of bromide from the tissue 
spaces into the blood 

Several of the animals suffered a replacement of 
more than 10% of blood chloride and yet survived 
If Ulrich's figure of 30% chloride replacement is to 
be accepted as the toxic limit (18), and if Bernoulli s 
figure of 10% replacement is to be regarded as fatal 
(19), It would seem better to interpret them with 
reference to the total body chloride rather than to 
blood chloride only This would explain such cases 
as th it noted by Wohl (11), in which a patient 
with a level of 500 mg % bromide survived Al 
though this level indicated a 42% replacement of 
blood chloride, it did not necessarily reflect the e\ 
tent of total body chloride replacement 

Since blood bromide concentrations have been 
demonstrated in the present work to be elevated 
following discontinuance of bromide not only in 
those animals rcceiv mg chloride, but also in con 
trols, and since the degree of elevation in the con 
trols IS invariably greater than m chloride treated 
aiiiin.tls. It would seem inadvisable to withhold 
chloride for fear of elevating the bromide level 

SUMMARY 

1 Acute and chronic bromide intoxication 
were induced in rabbits and dogs with suitable 
dosage 

2 1 he lev cl of chlonde and bromide m blood 
and urine of 12 rabbits and 7 dogs showang dim 
cal cvudcnce of bromide intoxication was deter 
mined dailv for two weeks following discon 
timiancc of bromide to detenmne whether 
chloride administration clex'ated blood bromide 
levels 

3 Blood bromide concentrations were found 
to be elevated following discontinuance of bro 
mide not only in those animals receivang chlonde 
but also in the controls Moreoxmr, the elev a 
tion of the blood bromide level in the controls 
was significantly greater than the elevmtion oh 
serv'cd in those receiving chlonde 

4 The blood bromide level was observed to 
fluctuate considerably' dunng excretion This 
IS taken as ev'idence that bromide toxicity is 
related to total extracellular bromide retention 
rather than simply' to blood chlonde replacement 
The blood bromide lev'el may' be considered to be 
a function not only' of intestinal absorption and 
kidney' excretion, but also of tissue fluid absorp 
tion and secretion, which in turn depend upon 
the total body' bromide chlonde balance 
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The Antimicrobial Activity of Perfume Oils* 

By JASPER C. MARUZZELLA and PERCIVAL A. HENRY 


One hundred perfume oils were tested for anti- 
microbial properties against a series of patho- 
genic and nonpathogenic bacteria and fungi. 
The in vitro filter paper disk method was used 
exclusively for testing activity. The perfume 
oils were found to possess remarkable anti- 
microbial properties with greater activity 
against fungi than against bacteria. It is sug- 
gested that perfume oils be incorporated more 
widely into common toilet articles applied to 
the body surfaces as well as medicaments used 
externally. 

UNDREDS of substances are applied to the 
skin and hair of the human body for cos- 
metic and hygienic purposes. Many of these 
substances are made aromatic to increase their 
ornamental value and to mask unpleasant odors 
Yet the study of the antimicrobial activity of 
perfume oils has been somewhat neglected. In 
1924 Dyche-Teague (1) was apparently the first 
investigator to demonstrate that alcoholic per- 
fumes exhibited an antibacterial effect. He util- 
ized the phenol coefficient method and as the test 
organism a mixed culture of bacteria obtained 
from the nose consisting essentiallj’’ of Alicrococcus 
calarrhalis. In that same year Brj’ant (2) con- 
firmed the work of D 3 'che-Teaguc on the bacterial 
activity of alcoholic perfumes using as the test 
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organism a pure culture of B coU communis. 
Recently Lord and Husa (3) found that some per- 
fume oils inhibited mold growth m very low con- 
centrations These investigators suggested that 
perfumery materials might be used as presenm- 
tives. This report describes the tn intro anti- 
microbial activity of perfume oils against patho- 
genic and nonpathogenic bacteria and fungi. 

MATERIALS AND METHODS 

The detection of the antimicrobial activity of 100 
perfume oils vas made by obseiving their effects on 
growing cultures of ten bacteria and ten fungi. The 
test organisms used were. Pseudomonas aeruginosa, 
Envinta caratowra, Escherichia call, Scrralia mar- 
ccsccns. Micrococcus pyogenes lar aureus, !i[ycohac- 
Icriiim phici. Neisseria pcrflaia. Bacillus siiblilts, 
SalnioiieUa typhosa, Candida albicans, Candida 
Iropicalts, Candida kritsci, Strcptoniyccs icnezuelac, 
Saccharoinyccs cerreiscac, Aspergillus niger, Cryplo- 
coccus rhodobciihant, Nigrospora panict, Mticor 
miiccdo, and Pcnicilliitni notalum All of the bac- 
teria were cultivated in nutrient agar and nutrient 
broth (Difco) for twenty-four hours at 37° with the 
exception of E caratovora which was cultivated in 
nutrient agar and broth at room temperature for 
forty-eight hours and .1/ phlci which was cultivated 
in glucose yeast infusion agar and broth for fortv- 
cight hours at room temperature All of the fungi 
were cultivated in Sabouraud dexlrose agar and 
broth (Difco) for forty-eight hours at room tem- 
perature with the exception of C rhodobenhani, N. 
panict, and M tnucedo which were incubated for 
one week at room temperature The mold-like 
bactenmn 5 icncsuclac was cultivated on nutrient 
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agar and broth for forty eight hours at room tem- 
perature Stock cultures of all organisms \tcrc sub- 
cultured on fresh agar slants every seven days 

The method used for determining the presence or 
absence of antimicrobial activity was a slight modi 
fication of Vincent’s (4) qualitative filter paper disk 
diffusion plate method In this method small 
sterile disks of filter paper (12 7 mm diameter) 
Mere thoroughly moistened in the oil to be tested 
and placed on the agar plates (100 mm diameter) 
Minch had been previously seeded Mith 1 cc of the 
broth culture of the organibin llic plates Mitli 
bacteria Mere incubated at 37° for tMtnty-four 
hours except E camtovora and phlci mIiicIi Merc 
incubated at room temperature for fortj -eight hours 
The plates Mitli the fungi Mere incubated at room 
temperature for fortj eight hours Mith the exception 
of C rhodobciiliam, iV /xiwici, and viuccJo wUicli 
Merc incubated for one Meek at room temperature 

The presence of i definite zone of inhibition of aiij’ 
size surrounding the p iper disks indieated anti- 
microbial activitv The zones of inhibition Mere 
measured to the nearest inin bj means of a metric 
ruler and an illuminated Quebec colonj counter 
All tests Mere conducted m triplicate Mith three 
disks (sometimes tMo) per dish Therefore the 
measurement of e.ich zone of inhibition represents 
the mean value of at least six recordings In some 
instances the oils produced completely clear dishes 
When tins occurred larger dishes (150 mm diameter) 
Mere used m repeating the experiment In no m 
stance did the oils produce complete cltuirmg of the 
larger dishes 

All of the zones of inhibition m ere tested to ascer 
tarn M hether the acti\ itj m as microbicidal or micro 
bistatic This Mas accomplished bj making trans 
fers from the clear zones into broths and incubating 
for four dijs or more GroMth m the tubes Mas 
indicatix e of microbistatic actn itj m hile no groM th 
indic ited microbicidal actn itj 

4s the oils arrived at the laboratorj thej Mere 
immedi itelj placed into sterile bottles and tested 
for sterihtj The test for stcrihtj consisted of 
streaking each oil on nutrient agar and S ibouraiid 
dextrose agar si ints The nutrient agar slants Merc 
incubated at 37° for three to four daj s mIiiIc the 
Sabouraud dcstrosc agar slints Mere meubited for 
one Meek or more at room temperature All of the 
perfume oils Mere found to be free of microorgan- 
isms 

RESULTS AND DISCUSSION 

Of the 100 perfume oils tested, all Merc found to 
exhibit antibacterial actnity on at least tMo of the 
ten organisms employed Table I lists these oils 
M itli their antibacterial actn itj and zones of mhibi 
tion From Table I it mav be observed that 75% 
of the perfume oils tested Mere found to be bacteri 
cidal, the remainder bacteriostatie It is interesting 
to note that 60% of the oils tested against B sub 
Hits and B brevis proved to be bacteriostatic m con- 
trast to the remaining organisms where 10 to 25% 
of the oils exhibited baeteriostatic activ itj' Whj 
the spore forming organisms B sublilis and B 
brevis should resist being killed bj' the perfume oils 
IS not known The answer may he in the faet that 
these organisms were found to produce many spores 
after tw entj' four hours of grow th Thus the oil 


may not be able to penetrate the spore wall as 
readily as the vegetative cell wall 
Table II lists one hundred perfume oils and their 
antifungal activity and zones of inhibition These 
arc the identical oils tested against bacteria in 
Table I From Table II it may be observed that 
all of the perfume oils exhibited antifungal activity 
on at least six of the ten organisms tested From 
Table II it may be observed that more than 80% 
of the oils tested against fungi were found to be fun 
gicidal while the remainder were fungistatic Bj 
a comparison of the data from Tables I and II 40% 
of the oils show some antibacterial activity on the 10 
bacteria w liilc 84% of the oils exhibited some anti 
fungal activity on the 10 fungi This seems to in 
dicatc that fungi arc more vulnerable to perfume 
oils than bacteria Table III lists the most eflec 
ti\ c perfume oils against each test organism Thus 
Almond S exhibits maximum effectiveness against 
E camtovora, S leiiczuclae, C rhodobenham, and 
M mucedo, Cinnamon against N perjlaia, M 
plilet, and C kriisci, Citrus Odor No 50 B against 
B brevis, S ccrcviscac, and A niger, and Lemon 
Bouquet No 58 against N panici, P notaiiim, and 
C tropicalis 

There appears to be little doubt that common 
toilet articles treated with perfume oils (or their 
constituents) such as soaps, creams, shampoos, 
lotions, ointments, powders, sprajs, and other such 
prep irations which are applied eocternallj for van 
ous hygienic purposes, would also kill microbes in 
the areas applied It seems rather fitting that 
those perfume oils which possess marked antimicro 
bial properties might be incorporated more widely 
into medicaments used externallj to ehnance then 
aesthetic and gcnnicidal properties as well as to 
mask unpleasant odors 


CONCLUSIONS 

1 The antimicrobial activity of 100 perfume 
oils was tested against growing cultures of 10 
bactena and 10 fungi vv itli the tin tiro filter paper 
disk method 

2 The perfume oils whicli exhibited the 
greatest antimicrobial activity were Almond S 
against E caratovora, S icnczuelac, C rlwdoben 
ham, and M mucedo, Cinnamon against M 
pitict, N perflava, and C krusei, Citrus Odor 
No 50 B against B brevis, S cereviscae, and A 
niger. Lemon Bouquet No 58 against C tropi- 
calis, P notatiim, and N pantet. Compounded 
Fruit Odor No 1285 against E colt and 5 
marcescetis, Wisteria against Ps aeruginosa, 
Pine Bouquet Supreme against M aureus, Neu 
tralizerF A against 11/ plilet. Pine Bouquet Swiss 
Type against B subtilis. Orange Blossom ‘ N 
against 5 lypliosa, Allspiee against P notatum, 
Cologne “F” European Type against C albicans, 
and Lilac Water against C krusei 

3 All of tlie oils were found to possess anti- 
microbial activity on at least two of the ten 
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Table 1 — Inhibitory Activity of Perfume Oils on Bacteria 


A\erage Zone of Inhibition in mm i 



Ps 

aeru- 

B 

E 

carato- 

E 

S 

marcc- 

M 

.1/ 

N 

per- 

B 

sub 

S 

0- 

Oils 

ginosa 

breits 

vora 

colt 

scens 

aureus 

phlei 

fiava 

ttUs 

phosa 

Allspice 

Q’- 

12‘ 

13 

10 

0 

7 

27 

12 

11 

0 

Almond S 

0 

0 

73 

0 

0 

0 

16 

0 

0 

0 

Apple Blossom No 200 

1 

7 

20 

6 

1 

3 

15 

6 

10 

7 

Apple Blossom B S 

1 

5 

23 

6 

s 

2 

12 

0 

6 

5 

Arabian "N” 

1 

4 

27 

3 

4 

4 

7 

4 

8 

5 

Ashton Villa No 6 

2 

4 

11 

4 

3 

5 

13 

3 

8 

5 

Bay Rum Essence 

3 

8 

12 

8 

10 

7 

29 

6 

8 

9 

Blue Bell Bouquet 

2 

7 

20 

6 

3 

4 

18 

4 

7 

5 

Bluestone Bouquet 

2 

S 

24 

5 

4 

9 

8 

3 

3 

4 

Bouquet No. 21 

0 

9 

38 

7 

5 

13 

24 

7 

17 

8 

Bouquet No 22 

0 

2 

10 

2 

1 

6 

8 

0 

4 

2 

Bouquet 821 Lemon Odor 

0 

11 

12 

8 

4 

10 

10 

8 

15 

8 

Bouquet B L S 

0 

7 

15 

7 

1 

5 

10 

6 

10 

10 

Carnation No 1162 

3 

4 

15 

3 

6 

4 

6 

3 

5 

3 

Chypre, French Tj^pe 

1 

3 

7 

2 

3 

3 

5 

1 

2 

3 

Chypre G6D 

0 

2 

35 

0 

0 

2 

2 

0 

2 

0 

Cinnamon 

2 

0 

28 

0 

0 

8 

35 

23 

15 

0 

Citrus Odor No SOB 

0 

20 

5 

0 

0 

0 

20 

0 

24 

0 

Cologne, American 

Cologne “F,” European Type 

3 

10 

21 

3 

4 

9 

10 

3 

4 

5 

0 

8 

43 

3 

3 

7 

15 

3 

3 

4 

Colonial Bouquet 

0 

3 

10 

0 

0 

0 

15 

2 

6 

4 

Compounded Fruit Odor, No 1285 

5 

13 

15 

12 

21 

6 

30 

8 

IT 

11 

Carylopsis No. 602 

3 

4 

12 

4 

5 

0 

14 

5 

5 

5 

Carylopsis No. 604 

3 

5 

25 

5 

5 

6 

8 

4 

4 

5 

Crab Apple Blossom 

3 

5 

15 

2 

3 

5 

8 

2 

3 

5 

Eau de Cologne "S" 

0 

5 

3 

3 

0 

3 

15 

0 

20 

2 

Eau de Quinine M.O. 

0 

4 

5 

5 

3 

4 

7 

3 

2 

4 

Elder Buds 

2 

4 

24 

4 

4 

3 

30 

0 

9 

6 

Evergreen Bouquet 

0 

2 

25 

0 

0 

0 

10 

0 

3 

0 

Florida Water 

2 

9 

33 

6 

2 

5 

8 

3 

9 

4 

Fougere No 966 

0 

3 

8 

3 

1 

3 

7 

2 

5 

2 

Fragipanni 

3 

7 

15 

4 

0 

6 

9 

4 

8 

5 

Gardenia No. 1500 

2 

8 

34 

6 

3 

5 

20 

3 

9 

5 

Gardenia G H. 

0 

3 

15 

3 

3 

3 

6 

3 

4 

0 

Gardenia J.M. 

Gardenia "S” 

1 

5 

13 

3 

4 

3 

7 

0 

7 

5 

2 

6 

29 

7 

0 

9 

7 

7 

11 

8 

Geranium Bouquet 

0 

4 

8 

2 

2 

4 

8 

2 

2 

2 

Heliotrope 

3 

5 

30 

0 

4 

6 

8 

4 

5 

4 

Honey Suckle 

5 

3 

20 

5 

5 

4 

6 

4 

6 

6 

Hyacinth “N” 

0 

4 

14 

0 

4 

0 

13 

3 

5 

0 

Jasmine No. 11347 

2 

6 

26 

5 

0 

2 

8 

5 

9 

9 

Jasmine No 679 

0 

3 

25 

2 

2 

3 

5 

2 

2 

2 

Jasmine “N” 

2 

10 

27 

0 

10 

8 

15 

10 

12 

7 

Jasmine Ordinary 

2 

3 

7 

3 

3 

2 

8 

2 

4 

4 

Jockey Club 

1 

4 

24 

3 

2 

6 

10 

2 

5 

4 

Lavender “Y” 

0 

3 

24 

4 

2 

8 

6 

2 

11 

4 

Lavender Bouquet D R 

0 

5 

15 

3 

2 

10 

11 

2 

9 

4 

Lemon Bouquet No 58 

0 

0 

12 

0 

3 

0 

10 

0 

20 

3 

Lemon Bouquet No 62 

0 

0 

10 

5 

0 

4 

26 

3 

9 

4 

Lemon L M. 

0 

6 

5 

5 

0 

3 

18 

2 

6 

3 

Lilac Royal 

3 

7 

20 

10 

10 

5 

16 

7 

10 

6 

Lilac Water 

3 

6 

17 

0 

0 

0 

11 

3 

7 

5 

Lilas Blanc 

2 

5 

15 

0 

1 

0 

15 

3 

6 

3 

Lilas Blanc L S. 

3 

6 

14 

8 

7 

7 

30 

6 

10 

7 

Lilas Yegital 

2 

10 

21 

10 

8 

7 

25 

7 

10 

8 

Lilly of the Vallej', Supreme 

2 

7 

15 

8 

9 

8 

20 

8 

10 

5 

Lotus Blossom 

3 

7 

10 

10 

8 

10 

30 

7 

8 

8 

Magnolia 

2 

5 

14 

8 

6 

6 

6 

5 

7 

7 

May Apple Blossom 

4 

7 

22 

5 

7 

4 

20 

4 

9 

6 

Mille Fleurs 

3 

8 

13 

8 

8 

8 

22 

5 

10 

12 

Mimosa No 11548 

3 

10 

17 

7 

10 

3 

15 

5 

11 

9 

Mint Bouquet No 122 

0 

5 

12 

6 

5 

6 

18 

3 

6 

5 

Narcissus 

3 

9 

10 

8 

9 

5 

23 

6 

8 

10 

Neroli Artificial 

0 

5 

12 

0 

1 

0 

20 

3 

7 

3 

Neutralizer, F A 

4 

15 

27 

10 

11 

13 

35 

10 

18 

12 

New Mown Hay, No. 100 

4 

7 

12 

8 

6 

7 

20 

5 

7 

8 

Orange Blossom “N” 

0 

4 

14 

12 

5 

6 

25 

5 

10 

19 

Oriental Bouquet No 225 

0 

4 

15 

4 

2 

5 

12 

3 

0 

0 

Oshcana 

0 

*? 

16 

I 

1 

3 

16 

1 

3 

2 

Palma Bouquet 

0 

3 

10 

4 

3 

0 

12 

2 

4 

3 

Piny Needle Bouquet No. 400 

0 

0 

3 

2 

0 

0 

23 

0 

0 

0 
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Taiii.e I. {continued) 



Ps 

Oeru- 

li 

Average Zone of Inhibition 
li S 

carato- li mnree- Af 

in mm 

M. 

<1 

per- 

sub- 

s 

ty. 

Oils 

^luosa 

bretis 

vora 

£oU 

sceus 

aureus 

phlei 

Jlaia 

hits 

phosa 

Pine Needle Bouquet V H. 

0 

0 

2 

0 

0 

0 

15 

0 

0 

0 

Pine Bouquet, Supreme 

0 

3 

7 

4 

2 

15 

15 

2 


3 

Pine Bouquet, Swiss Type 

0 

4 

5 

5 

0 

4 

8 

2 

2!) 

3 

Rose No. 81412, Otto Type 

0 

4 

8 

3 

1 

3 

12 

2 

0 

3 

Rose D.B. 

0 

5 

15 

0 

7 

3 

8 

G 

4 

4 

Rose Bleue 

3 

8 

17 

0 

10 

3 

18 

4 

9 

5 

Rose Briar 

0 

5 

17 

5 

3 

3 

12 

2 

ii 

5 

Rose Gladis 

2 

0 

22 

3 

G 

4 

33 

5 

11 

1 

Rose Odorata 

0 

8 

10 

5 

0 

0 

14 

5 

9 

G 

Rose Red 

4 

9 

33 

4 

0 

7 

17 

7 

11 

7 

Roxul Bouquet 

0 

4 

5 

n 

2 

2 

G 

2 

5 

e 

Rose No 22,5 

0 

5 

9 

3 

1 

1 

14 

2 

4 

3 

Rosesol 

0 

0 

4 

1 

1 

0 

3 

0 

2 

0 

Russian Leather 

0 

8 

14 

3 

0 

3 

3 

I 

4 

2 

Sandalwood A-.3 

3 

6 

10 

7 

9 

10 

13 

7 

9 

10 

Spring Flower Bouquet 

G 

10 

10 

7 

0 

9 

G 

G 

10 

8 

Sweet Grass 

0 

4 

43 

5 

3 

5 

25 

0 

5 

0 

Sweet Pea 

2 

10 

11 

9 

5 

G 

10 

G 

13 

7 

Trefle 

0 


25 

r, 

0 

G 

G 

2 

9 

5 

Tuberose 

5 

10 

12 

9 

10 

7 

35 

7 

70 

8 

Vanilla K-GOO 

0 

3 

8 

3 

2 

3 

o 

2 

2 

5 

Violet No 23 

3 

5 

17 

0 

G 

G 

8 

G 

8 

G 

Violet No 257 

3 

,7 

13 

5 

i) 

G 

15 

4 

5 

C 

Violet "F" 

2 

2 

10 

3 

3 

5 

11 

2 

3 

0 

Violet F D 

5 

8 

11 

8 

5 

8 

5 

7 

10 

8 

Violet de Luxe 

1 

4 

5 

3 

3 

3 

7 

2 

G 

3 

Violet, Supreme 

1 

G 

10 

5 

3 

4 

8 

3 

9 

4 

Wisteria 

Cl 

8 

10 

11 

12 

9 

5 

8 

10 

10 

Viang Ylang, Artificial 

0 

4 

3 

4 

2 

0 

2 

0 

3 

4 


® Measurement from disk edge to zone c<1kc 
b Zone of inhibition absent 

‘ Zones inhibition in italic; indicate bacteriostatic activity All other zones in the table indicate bactericidal activity. 


Tadle II. — iNiiiniTORV Activity or Perfume Oils o.v Fungi 


Avcraec Zone of Inhibition in mm ** 



C 

c 


5 

A' 


c 


.11. 

P 


albt- 

tropt- 

C 

ri’Mir- 

cfrc- 

A 

rhodo- 

X 

mu- 

nola- 

Oils 

<ans 

cahs 

Uuset 

ziir/ar 

rtscae 

ntger 

benhant panici 

C€(l0 

ttiin 

Allspice 

12 

0 

5 

2 

12 

27 

24 

20 

27 

50 

Almond S 

O’' 

0 

5 

40 

9 

22 

90' 

45 

78 

29 

Apple Blossom, No. 200 

5 

7 

5 

4 

11 

75 

15 

18 

IG 

15 

Apple Blossom, B.S. 

G 

7 

3 

5 

7 

8 

10 

70 

7 

72 

Arabian "N” 

8 

5 

5 

9 

7 

75 

12 

24 

11 

12 

Ashton Villa No. G 

5 

10 

5 

8 

5 

15 

10 

25 

7 

15 

Bay Rum Essence 

9 

7 

7 

8 

11 

IS 

20 

20 

12 

20 

Blue Bell Bouquet 

7 

10 

8 

10 

18 

15 

14 

2G 

12 

20 

Bluestone Bouquet 

8 

10 

0 

10 

12 

27 

14 

38 

20 

20 

Bouquet No. 21 

8 

8 

4 

10 

70 

17 

33 

22 

4 

21 

Bouquet No. 22 

3 

5 

2 

9 

2 

7 

10 

G 

6 

10 

Bouquet 821 Lemon Odor 

15 

0 

7 

17 

12 

20 

2G 

22 

20 

20 

Bouquet B.L.S. 

10 

7 

7 

9 

5 

20 

20 

30 

7 

20 

Carnation No. 11G2 

5 

0 

5 

G 

8 

20 

14 

20 

10 

15 

Chypre, French Type 

5 

5 

5 

7 

7 

77 

G 

9 

7 

10 

Chypre GG D 

0 

1 

2 

3 

2 

5 

6 

4 

2 

6 

Cinnamon 

9 

7 

10 

11 

25 

15 

20 

38 

23 

20 

Citrus Odor No. 50 B 

3 

15 

5 

25 

30 

35 

4 

25 

4 

45 

Cologne, American 

5 

G 

8 

13 

10 

18 

12 

25 

20 

15 

Cologne “F,” European Type 

20 

9 

5 

14 

10 

20 

9 

25 

25 

13 

Colonial Bouquet 

7 

8 

8 

12 

12 

20 

8 

40 

0 

20 

Compounded Fruit Odor 1285 

8 

7 

7 

12 

12 

S 

25 

25 

3 

14 

Carylopsis No. G02 

G 

10 

8 

11 

15 

IG 

10 

32 

16 

20 

Carylopsis No. G04 

7 

10 

5 

11 

10 

15 

12 

20 

15 

15 

Crab Apple Blossom 

8 

10 

5 

8 

8 

21 

15 

30 

10 

18 

Eau de Cologne “S” 

4 

3 

2 

4 

5 

3 

7 

25 

10 

3 

Eau de Quinine, M.O. 

7 

4 

3 

10 

4 

20 

12 

18 

15 

75 

Elder Buds 

9 

7 

4 

12 

12 

IG 

12 

18 

20 

20 

Evergreen Bouquet 

0 

3 

0 

10 

0 

8 

7 

7 

3 

15 

Florida Water 

8 

5 

5 

5 

11 

18 

12 

17 

14 

15 

Fougere No. 96G, 

0 

3 

3 

2 

3 

10 

12 

20 

6 

15 

Fragipanni 

5 

5 

0 

9 

13 

14 

14 

17 

10 

15 
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Table II. (^conltttucd) 


Average Zone of Inhibition in mm ** 



C 

c 


s 

5 


C rbo- 


M 

P 


albi- 

fropt- 

C 

vene- 

cere- 

A 

doben- 

K 


nola- 

Oils 

cans 

calts 

kruset 

zuelae 

viscae 

ntser 

ham 

pantet 

cedo 

ttim 

Gardenia No 1500 

0 

6 

5 

9 

9 

15 

12 

20 

9 

15 

Gardenia, G H 

6 

7 

8 

10 

15 

13 

10 

20 

10 

20 

Gardenia, J M 

5 

6 

0 

8 

9 

15 

14 

17 

11 

IS 

Gardenia “S” 

8 

7 

5 

10 

14 

10 

17 

30 

15 

20 

Geranium Bouquet 

8 

5 

3 

13 

4 

15 

10 

25 

13 

20 

Heliotrope 

6 

7 

7 

10 

10 

14 

15 

30 

10 

IS 

Honey Suckle 

7 

5 

7 

9 

7 

15 

10 

25 

5 

IS 

Hyacinth “N” 

5 

8 

7 

10 

12 

14 

11 

20 

14 

20 

Jasmine No 11347 

6 

7 

7 

10 

6 

15 

12 

20 

15 

15 

Jasmine No 679 

Jasmine “N” 

3 

5 

2 

7 

4 

12 

6 

11 

5 

10 

5 

8 

0 

10 

17 

15 

14 

22 

17 

IS 

Jasmine Ordinary 

2 

6 

3 

8 

6 

20 

6 

7 

9 

20 

Jockey Club 

5 

6 

5 

10 

12 

16 

15 

20 

IS 

15 

Lavender “Y” 

14 

7 

0 

10 

8 

25 

15 

26 

15 

20 

Lavender Bouquet D.R 

8 

3 

3 

12 

10 

15 

11 

25 

15 

15 

Lemon Bouquet No 58 

5 

10 

7 

12 

10 

25 

30 

50 

8 

50 

Lemon Bouquet No 62 

S 

3 

3 

8 

7 

S 

9 

8 

3 

15 

Lemon L M 

7 

6 

3 

5 

4 

8 

11 

20 

5 

17 

Lilac Royal 

10 

6 

6 

8 

20 

13 

10 

25 

6 

IS 

Lilac Water 

8 

10 

10 

13 

20 

20 

15 

34 

22 

15 

Lilas Blanc 

6 

10 

9 

12 

20 

23 

17 

35 

5 

20 

Lilas Blanc, L S. 

S 

10 

8 

11 

7 

17 

20 

25 

5 

15 

Lilas Vegital 

10 

10 

5 

5 

14 

15 

17 

30 

6 

15 

Lilly of the Valley, Supreme 

5 

8 

6 

4 

10 

14 

21 

30 

9 

15 

Lotus Blossom 

9 

8 

4 

10 

8 

12 

15 

20 

6 

IS 

Magnolia 

7 

6 

3 

10 

8 

6 

12 

8 

5 

13 

May Apple Blossom 

5 

6 

5 

8 

25 

10 

10 

15 

6 

15 

Mille Fleurs 

4 

6 

4 

4 

8 

9 

20 

8 

16 

17 

Mimosa No. 11548 

6 

7 

3 

9 

10 

10 

9 

20 

4 

13 

Mint Bouquet No. 122 

7 

8 

3 

3 

8 

10 

17 

16 

4 

15 

Narcissus 

6 

7 

5 

4 

24 

12 

14 

8 

5 

15 

Neroli, Artificial 

0 

7 

8 

12 

11 

23 

20 

35 

7 

15 

Neutralizer F.A 

15 

12 

8 

20 

20 

22 

23 

42 

15 

20 

New Mown Hay, No. 100 

5 

9 

5 

8 

10 

10 

11 

17 

5 

15 

Orange Blossom “N” 

0 

6 

4 

7 

5 

15 

20 

35 

11 

30 

Oriental Bouquet No 225 

5 

10 

5 

9 

10 

35 

14 

40 

6 

20 

Osheana 

3 

3 

2 

5 

2 

5 

5 

7 

3 

10 

Palma Bouquet 

3 

8 

5 

10 

15 

20 

13 

32 

10 

25 

Pine Needle Bouquet No 400 

0 

0 

0 

16 

15 

5 

5 

2 

15 

10 

Pine Needle Bouquet, V H 

0 

0 

0 

3 

3 

3 

2 

0 

5 

2 

Pine Bouquet, Supreme 

3 

4 

2 

14 

3 

15 

10 

10 

15 

20 

Pine Bouquet, Swiss Type 

0 

0 

0 

8 

7 

3 

10 

10 

7 

10 

Rose No 81412, Otto Type 

3 

S 

3 

8 

5 

12 

9 

22 

3 

25 

Rose D B 

6 

6 

0 

8 

10 

15 

14 

30 

15 

18 

Rose Bleue 

6 

5 

4 

5 

6 

10 

12 

15 

5 

20 

Rose Briar 

4 

7 

4 

13 

10 

20 

14 

33 

15 

20 

Rose Gladis 

9 

6 

4 

3 

10 

12 

20 

7 

8 

25 

Rose Odorata 

7 

10 

5 

8 

8 

10 

14 

25 

12 

20 

Rose Red 

10 

10 

7 

9 

10 

14 

18 

35 

10 

20 

Ro\ul Bouquet 

5 

4 

2 

9 

3 

12 

7 

10 

4 

20 

Rose No 225 

2 

3 

3 

4 

8 

6 

5 

5 

3 

15 

Rosesol 

3 

0 

1 

4 

3 

5 

2 

0 

0 

5 

Russian Leather 

3 

4 

2 

4 

8 

5 

7 

5 

3 

9 

Sandalwood A-3 

2 

4 

3 

4 

10 

7 

3 

10 

8 

10 

Spring Flower Bouquet 

7 

7 

5 

10 

12 

11 

14 

20 

9 

7 

Sweet Grass 

3 

S 

6 

11 

10 

24 

10 

37 

21 

20 

Sweet Pea 

8 

6 

5 

10 

22 

14 

15 

23 

13 

15 

Trefle L H 

7 

5 

3 

8 

7 

10 

11 

20 

9 

15 

Tuberose 

6 

7 

6 

10 

11 

15 

14 

22 

10 

17 

Vanilla K-000 

4 

5 

4 

8 

10 

10 

8 

10 

10 

11 

Violet No 23 

5 

3 

3 

9 

12 

8 

8 

10 

6 

10 

Violet No 257 

3 

3 

3 

9 

10 

5 

8 

12 

7 

10 

Violet “F” 

3 

5 

4 

8 

10 

10 

8 

10 

10 

11 

Violet F D 

8 

S 

5 

8 

12 

12 

15 

19 

5 

15 

Violet de Lu\c 

2 

2 

2 

5 

5 

o 

5 

4 

3 

5 

Violet, Supreme 

3 

o 

3 

8 

4 

5 

7 

10 

6 

10 

Wisteria 

8 

6 

6 

10 

12 

17 

15 

25 

3 

16 

Ylang Ylang, Artificial 

4 

3 

2 

0 

2 

6 

2 

4 

2 

10 


" Measurement from disk edge to rone edge 
^ Zone of inliibition absent 

' Zones of inhibition in italics indicate fungistatic actitity. All other rones in the table indicate fungiadal actmty 
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Taele III — The Effectiveness op Perfume Oils on Individual Organisms” 


Pi acrngtnosu 

(1) Wisteria*' 

(2) Spring Flower Bouquet 

(3) Coinpoundcd Fruit Odor No 1285, Honey 
Suckle, Tuberose, and Violet F D 

B brevis 

(1) Citrus Odor No 50 B 

(2) Neutralizer F A 

(3) Compounded Fruit Odor No 1285 

E caratovora 

(1) Almond vS 

(2) Cologne "F” European Tjpe and Siiett Grass 

(3) Bouquet No 21 

E coh 

(1) Compounded Fruit Odor No 1285 and Orange 
Blossom "N” 

(2) Wisteria 

(3) Lilac Royal, Lilas Vcgital, Lotus Blossom, and 
Neutralizer, F A 

S marccsccns 

(1) Compounded Fruit Odor No 1285 

(2) Wisteria 

(3) Neutralizer F A 

ill aureus 

(1) Pine Bouquet Supreme 

(2) Bouquet No 21 and Neutralizer F A 

(3) Bouquet 821 Lemon Odor, Lavender Bouquet 
D R . Lotus Blossom, and Sandalwood A-3 

M plilci 

(1) Cinnamon, Neutralizer F A , and Tuberose 

(2) Rose Gladis 

(3) Compounded Fruit Odor No 1285, Elder 
Buds, Lilas Blanc L S , and Lotus Blossom 

N perfliha 

(1) Cinnamon 

(2) Neutralizer F A and Jasinuie N 

(3) Bouquet 821 Lemon Odor, Compounded 
Fruit Odor No 1285, and Lillj of the Valley 
Supreme 

B sublilis 

( 1 ) Pine Bouquet Sw iss T} pe 

(2) Citrus Odor No 50 B 

(3) Eau de Cologne “S” and Lemon Bouquet No 
58 

S typhosa 

(1) Orange Blossom "N” 

(2) Mille Fleurs and Neutralizer F A 
(31 Compounded Fruit Odor No. 1285 

C albicans 

(1) Cologne “F” European Tjpe 


(2) Bouquet 821 Lemon Odor and Neutralizer 
F.A. 

(3) Lavender "Y” 

C. Iropicalis 

(1) Citrus Odor No. 50 B 

(2) Neutralizer F A 

(3) Ashton Villa No. 0, Blue Bell Bouquet, Blue- 
stone Bouquet, Carylopsis No C04, Crab 
Apple Blossom, Lemon Bouquet No 68 
Lilac Water, Lilas Blanc L S , Lilas Vegital, 
Oriental Bouquet No. 225, Rose Odoratai 
and Rose Red 

C. krusci 

(1) Cinnaiiioii and Lilac Water 

(2) Lila!) Blanc 

(3) Blue Bell Bouquet, Cologne American, 
Colonial Bouquet, Car 5 'lopsis No 602, Gar- 
denia G H , Lilas Blanc L S , Neroli Artificial, 
and Neutralizer F A. 

.9 vcnccuclac 

(1 ) Almond S 

(2) Citrus Odor No 50 B 

(3) Neutralizer F.A. 

S ccrcvtscac 

(1) Citrus Odor No ,50 B 

(2) Cinnamon and May Apple Blossom 

(3) Narcissus 

A titger 

(1) Citrus Odor No 50 B and Oriental Bouquet 
No 225 

(2) Allspice and Bluestone Bouquet 

(3) Lavender "Y” and Lemon Bouquet No 58 

C rlwdobcuhani 

(1) Almond S 

(2) Bouquet No 21 

(3) Lemon Bouquet No 58 

A' panici 

(1) Lemon Bouquet No 58 

(2) Almond S 

(3) Neutralizer F A. 

M mveedo 

(1) Almond S 

(2) Allspice 

(3) Cologne “F” European Type 
P votatum 

(1) Allspice, and Lemon Bouquet No 58 

(2) Citrus Odor No 50 B 

(3) Orange Blossom "N” 


” D.'ita taken from Tables I and II 
” Oils arranged in the order of decreasing activity. 


bacteria used and at least six of the ten fungi 
employed 

4. The most resistant bacterium was Pseudo- 
monas aeruginosa while the most vulnerable was 
Erwinia caratovora Candida kritsei was found 
to be the most resistant fungus while the most 
susceptible was Nigrospora panici. 

5. More tlian 70% of the perfume oils pro- 
duced microbicidal activity. 

6. The antifungal activity of perfume oils 


does not parallel its antibacterial properties. 

7 Fungi are almost twice as vulnerable to 
perfume oils as bacteria. 
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A Comparison of Human Serum Levels of 
Acetylsalicylic Acid, Salicylamide, and 
N-Acetyl-^-Aminopheuol Following 
Oral Administration* 

By JOHN H. WEIKEL, Jr. 


Comparative blood levels of acetylsalicylic acid, salicylamide, and N-acetyl-/'-araino- 
phenol were obtained from the same human subjects following the oral administra- 
tion of 1.0 gram of each drug. A peak level of 7 mg. per cent was demonstrated 
for acetylsalicylic acid three hours after ingestion of the drug. No detectable free 
salicylamide was found in serum, but conjugated salicylamide reached a peak concen- 
tration of 2 mg. per cent at one hour. N-Acetyl-^-aminophenol showed a peak 
concentration of about 1 mg. per cent at one hour which was well maintained for 
the five-hour observation period. These data suggest that, since N-acetyl-/>-amino- 
phenol exists in its free form, lower blood levels are required for therapeutic effec- 
tiveness than with acetylsalicylic acid and salicylamide. 


"Doth clinical (1-3) and experimental (3, 4) 
studies have demonstrated that acetyl- 
salicylic acid, salicylamide, and N-acetyl-^- 
aminophenol exert their antipyretic-analgetic 
effectiveness with similar oral dosages. A pre- 
cise and objective measure of this pharmacologic 
effect is difficult to obtain. However, a com- 
parison of the data on antipyretic or analgetic 
efficacy ivith the blood levels of the agents should 
permit their more definitive characterization. A 
number of reports on the metabolism of these 
three drugs appeared in the literature but none of 
them gives a direct quantitative comparison of 
the blood concentrations of these antipyretic 
agents. The various studies on each of the 
several agents have employed different doses, 
species, time intervals for blood samples, and 
experimental procedures. 

The following study was instituted to obtain a 
direct comparison of the blood levels following 
oral administration of equal quantities of acetyl- 
salicjdic acid, salicydamide, and N-acetyl-/)- 
aminophcnol which might permit a correlation 
between blood level and pharmacological efficacy. 
Blood concentrations were detennined in human 
subjects each of whom had ingested each of the 
drags on three different days. 

EXPERIMENTAL 

Six normal, healtlij’ men weighing 153.5 to 195 
pounds were used as subjects. Each individual re- 
ceived three '/z-Gm. capsules of cither acetylsal- 
icylic acid (ASA), salicylamide (SAM), or N-acetyl- 

• Received November 15, 1857, from the Department 
ol Pharmacolocy, Research Division, Mead Johnson & Com- 
l)any, livansvillc, Ind. 


/)-aminophenol (NAPAP) two hours following a light 
standardized hospital breakfast. Blood samples 
were obtained at one-half, one, two, three, and five 
hours after ingestion of the drag. The serum (2-3 
ml.) was immediately separated and then stored 
under aseptic conditions for subsequent assay. 
The experiment was repeated at three- or four-day 
intervals until all subjects had received each of the 
three drugs. 

Although conflicting evidence has been presented 
as to the presence of salicylate in the acetylated form 
in the serum following oral administration (5, 6), it 
is quite evident that any such nonhj’drolyzed acid 
makes only a minor contribution to the total salic- 
ylate concentration. Therefore, the serum levels 
of acetylsalicylic acid were determined and calcu- 
lated as salicylic acid by means of the ferric ion- 
salicylate color reaction following an ethjdene di- 
cliloride extraction (6, 7). Early reports showed 
that the serum levels of salicylamide, which is not 
converted to salicylate, were low and not pro- 
longed (3, 8, 9) but Crampton and Voss (10) con- 
tended that this drug was present in the serum of 
the rabbit as a conjugate and that this conjugate 
was detectable in the serum longer than was free 
salicylamide. These data indicated that total 
salicylamide concentrations might be more signifi- 
cant and the serum levels were determined by the 
method of Crampton and Voss (10). The blood of 
the subjects which received NAPAP was assayed 
for free K-acctyl-p-.aminophenol by hydrolysis of 
the N-acetyl group followed by diazotization and 
coupling with a-naphthol (11). 

Acetylsalicylic Acid. — Only barely detectable 
salicylate levels were present in the serum one-half 
hour following the ingestion of acetylsalicylic acid. 
The concentration of salicylate in the serum then 
increased to a peak of about 7 mg. per cent in from 
two to three hours. The peak average concentra- 
tion of the six serums was at three hours, but two of 
the six subjects showed their highest levels at two 
hours. A slow decline in serum salicj’Iate concen- 
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tration was shown by the fact that at five hours the 
levels were approximately equal to the two-hour 
concentration The complete results of the blood 
serum analyses are given in Table I. 


cfiicacy. The answer probably lies in the relation- 
ship between measured serum level and effective 
scrum level. 

It can be assumed that following administration 


Table I — Blood Serum Concentrations of Acetvlsalicyltc Acid, Salicvlamide, and N-Acetyl-^- 

AMINOPIIENOL IN HUMAN SUBJECTS AFTER A 1-GM. OrAL DoSE OF EaCII DrUG" 


‘A Hour 1 Hour 


2 Hour*? 


3 Hour*? 


o Hours 


Subject 

ASA 

SAM NAPAP 

ASA 

SAM 

NAPAP 

ASA SAM 

NAPAP 

ASA 

SAM 

NAPAP 

ASA SAM NAPAP 

To 

1 3 

0 

0 1 

3 2 

1 1 


3 8 

0 

0 C 

4 2 

1 0 

0 0 

0.0 

1.4 

0 

Me 

3 0 

2 4 

0 n 

0 r» 

3 2 

0 4 

7 1 

3 2 


7 4 

0 

1 0 

4 1 

0 

0 8 

Ak 

1 5 

2 1 

0 4 

i 2 

3 2 

0 5 

G 0 

1 8 

1 0 

10 2 

2 2 

1 2 

0 0 

1.5 

0 8 

Wh 

3 0 


O.G 

n 0 

1 2 

0 r> 

0 0 

1 r» 

1 0 

fi 3 


0 8 

5.0 

0 

0 0 

Hu 

1 2 

0 

1 2 

G 7 

0 3 

1 4 

7 1 

1 8 

1 1 

0 7 

1 G 

0 8 

G.3 

O.ft 

0 C 

Je 

2 0 

0 

1 5 

2 0 

2 0 

1 0 

4 2 

2 0 

0 ft 

0 8 

0 2 

1 0 

0 5 

0.4 

0 5 

Avernpe 

2 1 

1 0 

0 7 

4 7 

1 ft 

0 ft 

G 7 

1 7 

0 0 

ft ft 

1 1 

0 ft 

5 5 

0.7 

0 7 

S E 

0 \ 

0 0 

0 7 

0 8 

0 5 

0 8 

0 0 

0 1 

0 3 

0 r, 

0 1 

0 G 

0 4 

0.3 

0 3 


^ In mg per 100 ml of scrum 


Salicyamide — The scrum levels of salicylamidc 
were much lower than those observed with acetyl- 
salicylic acid The serum of two subjects was ex- 
amined for free salicylamidc, but no free drug was 
detected. It can thus be assumed that following 
1.0 Gm. of SAM there was less than 0.3 mg. of free 
salicylamidc in each 100 ml. of scrum at any of the 
time intervals examined in this study. When the 
serum was subjected to acid hydrolysis to free con- 
jugated SAM, low but measurable levels of salicyl- 
amide were found. The total salicylamidc concen- 
tration rose to an average peak of 1.9 mg. % at one 
hour. The concentration of salicylamidc tlicn de- 
clined to barely detectable levels of 0.7 mg % at five 
hours It should be noted that the sensitivity of 
this method is such that 0.2-0. 5 mg. % is the limit 
of detection and that its accuracy below 1.0 mg. % 
is poor 

N-Acetyl-p-aminophenol. — The scrum concentra- 
tion of NAPAP following oralad ministration was 
different from that found with eitlicr of the other 
agents A peak concentration of about 1.0 mg.% 
was reached even more rapidly than with salicyl- 
amide, and in contrast to salicylamidc, this peak 
represents unconjugated drug. The blood level re- 
mained rather constant at this peak from the first 
to third hour and then declined slowly. Although 
the concentrations determined at one-half hour and 
one hour showed considerable variation, the later 
values were quite consistent among the six subjects. 

DISCUSSION 

Examination of the data obtained in this study 
shows that the serum levels obtained by equal doses 
of acetylsalicylic acid, salicylamidc, and N-acetyl-/>- 
aminophenol, which are also approximately equal in 
relationship to the therapeutic dose, arc at great 
variance. Acetylsalicylic acid gives the highest 
serum concentration of total measured drug but 
requires the longest period of time to reach the peak 
level. Salicylamidc reaches a considerably lower 
peak earlier, while N-acetyl-/>-aminophenol reaches 
its highest concentration most quicklj^ but never 
attains the level of the other two drugs. The ques- 
tion arises concerning the apparent discrepancy 
between serum concentration and therapeutic 


of a drug a dynamic equilibrium of the drug between 
the blood and the tissues and beUvecn the tissues 
and the effector sites is established . If the blood and 
tissue levels of the drug arc equal, a measure of the 
blood concentration of that drug ivill give an esti- 
mate of the amount available to exert its effect. 
If only a portion of the drug in the serum is available 
to combine with the tissues, the blood level is a less 
reliable measure of an effective concentration. 

In the case of NAPAP the measured concentra 
tion in the scrum represents only free NAPAP ard 
should be an index to the therapeutically active 
concentration. This supposition is strengthened 
by the observation of Brodie and Axelrod (12) that 
the concentration of NAPAP in serum water equaled 
that in brain water. Additional evidence of the 
importance of the ratio of free to bound or con- 
jugated drug is furnished by the data by Bovill, 
Nash, and Wheeler (4) on antipyretic potency and 
duration of activity. 

The parallel between serum levels and phanna- 
cologic activity is less certain in the case of salicjl- 
amide. The values determined here represent total 
salicylamidc and this total is, within the limits of 
detection, all as a conjugated form. Althougli life 
conjugated salicylamidc may be in equilibrium uid 
an active drug, it is questionable that it is active f-'t 
sc. Seeberg, el a/. (9), showed that the brain and 
scrum salicylamidc concentrations were nearb 
equal up to 1 hour, but that the brain concentra- 
tions then declined even more rapidly than did the 
serum concentrations. 

Smith, el al. (6), showed that with acetylsalieylic 
acid the concentration of salicylate in the brain was 
less than half that of the serum. Seeberg, el al. (9), 
obtained even greater serum to brain ratios ranging 
from 17 : 1 at one-half hour to 8 : 1 at five hours. One 
possible explanation of this phenomenon is the high 
percentage of scrum protein bound salicylate (6). 

It would seem from the data presented here and 
that from other literature that scrum levels of N- 
acetyl-/>-aminophenol represent a good measurt 
of tissue levels, and hence are indicative of thera- 
peutically eflective drug. The serum levels of 
acetylsalicylic acid and salicylamidc may be a func- 
tion of the therapeutic levels but cannot be com- 
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pared directly with those of N-acetyl-/>-amino- 
phenol. 

SUMMARY 

1 Human blood levels of acetylsalicylic acid, 
salicylamide and N-acetyl-^-aminophenol have 
been compared in the same subjects following 
an oral dose of 1 gram of each drug. 

2 Acetylsalicylic acid exhibited the highest 
serum concentration (7 mg.%) which was reached 
most slowly and maintained for the longest period 
of time 

3 No free salicylamide could be detected in 
the blood serum. Total or conjugated salicyl- 
amide was present in the blood serum at a 
peak concentration of about 2 mg %. 

4. The peak concentration of N-acetyl-/)- 
aminophenol of about 1 mg.% was reached most 
quickly. 

5. The serum levels of N-acetyl-^-amino- 


phenol which are reported here represent free 
drug while the levels of acetylsalic 3 ’lic acid and 
salicjdamide do not. The implications of this 
difference are discussed in terms of blood level- 
pharmacologic effect relationships. 
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Comparative Pharmacological and Toxicological 
Evaluation of N- Acetyl-/?- Aminophenol, 
Salicylamide, and Acetylsalicylic Acid* 


By GALE C. BOXILL, CLINTON B. NASH, and ALLAN G. WHEELER 

Acute toxicity studies on N-acetyl-/(-aminophenol (NAPAP), salicylamide (SAM), 
and acetylsalicylic acid (ASA) revealed that NAPAP was least toxic (LDsd) in rats 
and guinea pigs while SAM was least toxic in mice. As antipyretic agents NAPAP 
and ASA were approximately equivalent in potency and both were more effective 
than SAM. A consideration of the ratio of the minimum neurological deficit doseso 
(TDso) and the minimum effective antipyretic dose indicated that NAPAP and ASA 
had a wider safety margin than SAM. ASA produced tachycardia, pyrexia, polypnea, 
and an increase in tidal volume. NAPAP and SAM produced little change in blood 
pH, tidal volume, respiratory rate, and heart rate. Myocardial depression was seen 
with ASA and SAM but not with NAPAP. 


HD NUMBER of reports which have recentl}’^ 
appeared in the literature dealing ivith ac- 
cumulation (1), sensitivity (2), and toxicit}’^ (3-5) 
of the salicylates initiated a search for drugs 
which could replace them as antipj-retics. 
Among those drugs considered as possible sub- 
stitutes were N-acetvl-/>-aminophenol and sal- 
icjdamidc. Although the analgetic or antipj’- 


* Rccei\c(l Non ember 14, 1057, from the Department of 
Pharmacology, Research DiMSion, ^fead Johnson and Co , 
LNansviIlc, Ind 

The valuable technical assistance of R Elmore Mr I 
beager Mr C Hawkins Mr G Caslcn, Mr J Schmid, and 
Mrs V Drinnon is gratefull> acknowledged 


retie activities of these compounds are well 
documented (6-10), other pharmacological and 
toxicological actions are less well known. 

It was observed during the preliminary studies 
in this laboratory' that the toxicological manifes- 
tations of N-acetj'l-/* aminophenol differed from 
those reported for salicylamide and aspirin. 
Because of these differences in toxicit)' and the 
lack of adequate phannacological and toxicolog- 
ical information, a comparative study of N- 
acetj’l-p-aminophenol (NAPAP, Tempra)’, sali- 

* Mead Johnson and Compan> trade mark for N acctjl /»- 
aminophenol 
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cylamide (SAM), and acelylsalicylic acid (A.SA) 
was undertaken 

EXPERIMENTAL 

Acute Toxicity. — The tlircc compounds used for 
these evaluations were each admiiiistcrcd to mice, 
rats, and guinea pigs m a 10% gum acacia suspen 
sion The volumes of the suspensions administered 
ranged from 10-30 ml /kg for miec, 10-20 ml /Kg 
for rats, and 10 ml /Kg for guinea pigs F.isted 
animals were deprived of food from fifteen to seven 
teen hours prior to drug administration while the 
nonfasted groups had access to food until the time 
of the experiment All animals had access to water 
ad libitum except during the six hour observation 
period that immediately followed intubation Am 
mals were housed in rooms that were maiiitaiiicd 
at 70-78° F and had access to food and water 
Ihroughout the rem iiiinig 102 hours of observation 

Ten male albino mice (17-30 Gm , Hamilton 
Laboratorj animals II L A strain), ten male albino 
rats (95-180 Gm , H L A strain) and ten guinea pigs 
(180-310 Gm ) were employ eel at evch elosc level 
The LDoo V lines were determined in a maimer 
advocated bv Leliman, cl nl (11), and computed 
according to the method of Litchfield and Wilcoxon 
( 12 ) 

The toxic effects from these compounds were 
manifested m some tv [le of neurologic il abiiorm ditv 
and were expressed as the minimal neurologic d de 
ficit dose I (TD n) The end point for the 1 Dw, was 
determined bv the method of Swmvard, nrovvn, and 
Goodman (13) 

Antipyretic Activity. — The activ itv of NAPAP, 
ASA, and SAM was comp ired m male albino rats b> 
i modificition of the method of Smith and ILani 
bourger (11) One hundred .md ciglilv adult male 
rits (2()l)-250 Gm , H L A strain) which had been 
fasted for approximatclv sixteen hours were rendered 
febrile bv the subcutaneous injection of a 15% 
aqueous suspension of brew er’s j east ■ Animals 
with a normal resting temperature ol less than 
98 5° F or more than 100° F were excluded from 
the experiment Each animal received 1 0 ml /lOO 
Gm of bodv weight of veast Animals which did 
not show more than 1° F increase in rectal tem- 
perature five hours after the veast adnmiistration, 
designated as 0 hour, were eliminated from the ex 
periment All drugs were adinmistercd pcrorallv 
five hours after the jeast injection as a suspension 
m 10% gum acacia in a volume of 10 ml /Kg The 
doses tested for each drug were 100 mg /Kg , 125 
mg /Kg , and 150 mg /Kg Rectal temperatures 
were taken by a Tele thermometer 0 5, 10, 2 0, 

3 0, 4 0, and 5 0 hours after the animals had re- 
ceived the antipyretic drug 

Anticonvulsant Activity. — The anticonvulsant ac- 
tivity of the three compounds was assay cd by two of 
the battery' of tests reported by Sw my ard and asso 
ciates (13) maximal electroshock seizure pattern 
(MES), metrazol seizure threshold test (Met) 

The test compounds were suspended in 10% gum 
acacia and administered perorally in a volume of 
10 ml /Kg to nonfasted male albino mice (H L A 
strain) that weighed 18-25 Gin 


* Appreciation is expressed to Dr R D Seelej Anheuser 
Busch Inc , St Louis Mo , for furnishing tlie yeast used in 
this study 


E.ich dose level was studied on 25 animals of 
which 20 received the drug and 5, the controls, 
received the vehicle only' The convulsive seizures 
were produced by 50 niA of current being applied 
for 0 2 second’s duration through Spiegel corneal 
electrodes Five dilTcrcnt drug animals were 
shocked at 0 5, 1 0, 2 0, and 4 0 hours 

The mmiber of animals and the method of ad 
ministration of the test dnigs were the same as that 
describcfl above for the MES test Five different 
animals w ere challenged with 85 mg /Kg (S C ) of 
metnirol 0 5, 1 0, 2 0, and 4 0 hours after receiving 
the test drug The animals were observed for 
clonic convulsions for one hour after being dial 
Icnged with metrazol If a clonic convulsion 
which lasted for five seconds occurred, the drug was 
considered to have offered no jirotcction to that 
anini.il 

Prolongation of Sleeping Time. — A modification 
of the method of Remhard (15) was used tocvaluate 
mild central nervous system activity of NAPAP, 
SAM and ASA Doses of the compound to be 
tested were adinmistercd orally' as a suspension in 
10% gum acaci i m a volunic of 10 ml /Kg to groups 
of 111 , lie albino mice (17-24 Gm , H L A strain) 
which had been fasted for approximately sixteen 
hours Thirty minutes later the animals were in 
jeeted, mtraperitoncally , w ith C5 mg /Kg of pento 
birbilal sothuin Each dose level consisted of 10 
mice 

The aver.igc sleeping time of each group of the test 
animals vv ns compared to the average sleeping time 
of the control animals and tested for significance bv 
the student’s "t” test The smallest dose which 
differed sigmficantlv (P = 0 05) from the controls 
was detennmed for each drug 

Cardiovascular and Respiratory Studies — Cardio 
vascular and respiratory studies were made on 
mongrel dogs of cither sex anesthetized with barbital 
sodium, 275 mg /Kg , IV Blood pressure was 
measured w itli a mercury manometer and respiration 
recorded by the Anderson inspirometer (16) In 
order to emphasize the differences m action betw een 
these three compounds, a fixed dose of 250 mg /Kg 
suspended m 0 5% AlcthoccI 400 w as given by 
mtragastric injection follow mg laparotomy Blood 
s.implcs were taken under oil just prior to and at 
hourlv intervals following the drug injection and 
blood pH w as measured w ith a Beckman blodel 
H-2 meter Young cats furnished the hearts for 
the Langendorff isolated heart studies employing 
the Anderson Graver technique (17) and perfusion 
fluid (18) was used as the drug solvent in these 
experiments 


RESULTS 

Acute Toxicity. — Species v anation to drug sensi 
tivity' was illustrated by our findings NAPAP 
elicited a significantly' low er mortality level in rats 
and guinea pigs vv hile SAM produced a low er mor- 
tality' in mice The LDso did not differ significantly 
between NAPAP and ASA m nonfasted mice or be- 
tween ASA and SAM m rats The LDm values 
were the lowest for NAPAP in fasted mice and for 
ASA m guinea pigs 

The TDso’s were significantly lower for SAM than 
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for ASA in rats and mice or NAPAP in rats and 
fasted mice Values did not differ significantly 
between SAM and NAPAP in nonfasted mice or 


between ASA and NAPAP in eitlier species 
The results of the toxicity studies are summa- 
ri 2 ed in Tables I and II 


Table I. — Comparison of the LDso Values of N-Acetyl-p-Aminophenol, Salicx lamide, and Acetyl- 

salicylic Acid 




Nutritional 

Status 

F« 

No of 
Animals 

Mean 

Body 

Weight, 

— LDm m ms /Kg with 95% conBdence limits . 

Druff 

Species 

NEt 

Used* 

Gm 

24 Hr 

48 Hr 

90 Hr 

1U8 Hr 

NAPAP 

Mouse 

F 

60 

20 6 

570 (430- 
756) 

525(392- 

703) 

525 (392- 
703) 

467 (348- 
626) 


Mouse 

NF 

90 

22 3 

1020 

(833- 

1248) 

980 (839- 
1144) 

850 (720- 
1002) 

850 (720- 
1002) 


Rat 

F 

40 

122 5 

4450 

(3973- 

4984) 

4400 

(3928- 

4928) 

4400 

(3928- 

4928) 

3700 

(3189- 

4292) 


Guinea pig 

F 

GO 

254 3 

3500 

(3163- 

3885) 

3000 

(2600- 

3450) 

2750 

2620 

SAM 

Mouse 

F 

40 

18 7 

1210 

(1077- 

1355) 

1200 

(1090- 

1321) 

1200 

(1090- 

1321) 

1200 

(1090- 

1321) 


Mouse 

NF 

60 

19 4 

1590 

(1355- 

1867) 

1509 

(1355- 

1867) 

1590 

(1355- 

1867) 

1500 

(1340- 

1679) 


Rat 

F 

50 

150 0 

1100 

(921- 

1310) 

1100 

(921- 

1310) 

1020 

(842- 

1234) 

980 (817- 
1176) 


Guinea pig 

F 

100 

235 0 

1800 

(1556- 

2082) 

1750 

(1511- 

2025) 

1730 

(1516- 

1974) 

1730 

(1516- 

1974) 

ASA 

Mouse 

F 

00 

20 9 

900 (872- 
997) 

960 (872- 
997) 

960 (872- 
997) 

960 (872- 
997) 


Mouse 

NF 

50 

20 8 

1000 

(909- 

1110) 

1000 

(909- 

1110) 

1000 

(909- 

1110) 

1000 

(909- 

ino) 


Rat 

F 

40 

121.9 

1600 

(1194- 

2144) 

1600 

(1194- 

2144) 

1430 

(1065- 

1921) 

1430 

(1005- 

1921) 


Guinea pig 

F 

GO 

238 7 

1095 

(972- 

1238) 

1075 

(948- 

1219) 

1075 

(948- 

1219) 

1076 

(948- 

1219) 


“ Tasted animals were deprived of food for fifteen to seventeen hours prior to and for six hours foIloumK intubation 
Nonfasted animals ere deprived of food for only six hours imrpediatel> follo'vinK intubation 
® Ten animals N\ere the minimum number utilized on each dosele\el 


Table II — Comparison or the TDw Values or N-Acetyl-p-aminophenol, Salicylamide, and Acetyl- 

salicylic Acid 


Drug 

Species 

Nutritional 

Status 

ra 

NFl» 

No of 
Aiiimals 
Usedr 

Mean 

Bodl 

Weight, 

Gm 

TDm mg /Kg 
With 

Confidence Limits, 
24 Hr 

NAPAP 

Mouse 

F 

40 

20 3 

144 (121-171) 


Mouse 

nE 

30 

21 8 

185(151-226) 


Rat 

F 

30 

132 3 

268 (213-338) 

SAM 

Rat 


40 

214 0 

342 (282-400) 

Mouse 

F 

30 

20 7 

87 (59 0-120 7) 
142(107 7-187) 


Mouse 

NF 

30 

20 8 


Rat 

F 

30 

139 8 

71 (59-84 5) 

ASA 

Rat 

F 

30 

208 8 

82 (61-110) 

Mouse 

F 

30 

18 6 

158 (129-194) 


Mouse 

NF 

30 

22 1 

205 (175-240) 


Rat 

F 

40 

106 1 

220 (149-323) 


Rat 

F 

30 

213 8 

312 (230-412) 


I nsted nniiml-? were dtpn\cd of food for fifteen tosc\cntccn hours prior to and for six hours follow ine 
^onfasted nnim ils ucrc deprived of food for onlj six hours tmractli'itelj followinR intubation 
1 cii nninnis were the minimum number utilized on each dose lev el 


intubation 
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In all species studied the signs of to.xicity noted 
following the administration of NAPAP were hypo- 
activity and depression accompanied by a decreased 
respiratory rate Slight tremors were noted in 
guinea pigs during a depressed slate that occurred 
prior to a loss of righting reflex Rats were slightly 
hyperirritable to audible stimuli during the absence 
of the righting reflex which occurred at only lethal 
dose levels Some animals recovered completely 
from the CNS depression. Death was due to respir- 
atory failure 

The initial toxic cficcts from SAM on the three 
species studied were ataxia and depression which 
progressed to a state of hypnosis in accordance 
with a dosage increase Labored rcspir.ition and 
cyanosis ensued prior to death which was apparently 
the result of respiratory failure In mice, cither .a 
prolonged period of depression or a period of inter- 
mittent episodes of hyperactivity, coarse tremors 
and a running type of convulsion occurred folloning 
recovery from h\ pnosis Occasionally the SAM ani- 


mals displayed bizarre motions characterized by 
rapid movements of the head in a vertical or hori- 
zontal plane and a rapid circular locomotion. No 
recovery from these later effects was noted during 
a three ivccks’ observation period. Those animals 
which did not display the biazarre activity and sur- 
vived exhibited a complete recovery from drug effects 

An initial depression accompanied by a decrease 
in respirator}' rate and ataxia were produced with 
ASA, Mice and guinea pigs were prone to exhibit 
liyperirritability to audible and tactile stimulation 
These signs of intoxication were followed by tremors, 
Straub’s reaction (mice and rats) and clonic con- 
vulsions. Saliv.ition was especially evident in mice 
Deaths w ere the result of respiratory failure follow ing 
repeated convulsive seizures. No after effects from 
the drug were noted in surviving animals. 

Antipyretic Activity. — The results of the antipy- 
retic action of 100 mg /Kg., 12.5 ing./Kg., and 150 
mg /Kg , i)crorally, of NAPAP, SAM, and ASA are 
presented in Table III. 


Tadle III — Antipyretic Activity or N-Acetyl-p-amikopiienol, Salicylamide, and Acetvlsalicylic 

Acid 


Drug" 

No 

Animals 

Dose 
mg 'Kg 

Control 
— u 

NAPAP 

19 

loO 

98 9 

NAPAP 

18 

125 

zb 

0 lOO'- 
99 0 

NAPAP 

8 

100 

A: 

0 108 
99 4 

SAM 

18 

150 

zb 

0 173 
99 0 

SAM 

18 

125 

zb 

0 132 
99 0 

SAM 

9 

100 

zb 

0 134 
99 3 

ASA 

19 

150 

zb 

0 173 
98 7 

ASA 

16 

125 

zb 

0 151 
98 9 

ASA 

10 

100 

zb 

0 090 
99.0 

Fevered 

19 

Tested with 

zb 

0 167 
99 0 

con- 

trols 

Fevered 

19 

150 mg./Kg. 
animals 
Tested with 

zb 

0 no 

99 1 

con- 

trols 

Fevered 

7 

125 mg /Kg 
animals 
Tested with 

zb 

0 135 
99 4 

con- 

trols 


100 mg./Kg. 
animals 

± 

0 181 


AxcraRc TcmRcraliirc After DruR (Hr ), ®F. 


0 

1/2 

1 

2 

3 

100 3 

99 7 

99 2 

98.4 

99.0 

± 

zb 

dz 

dz 

dz 

0 158 

0 150 

0 209 

0 20 

0.200 

100 3 

100 8 

100.2 

99 1 

99.9 

zb 

zb 

dz 

dz 

dz 

0 175 

0 144 

0 118 

0.12’ 

7 0 191 

100 7 

100 4 

99 5 

99 7 

100 3 

zb 

zb 

dz 

zb 

dz 

0 205 

0 244 

0 290 

0 220 

0 314 

100 6 

99 1 

99 4 

100 9 

100 9 

dz 

zb 

zb 

zb 

dz 

0 181 

0.100 

0 191 

0 188 

0.148 

100 4 

100 4 

100 2 

101.1 

101 0 

zb 

zb 

zb 

zb 

dz 

0 120 

0 148 

0 141 

0 113 

0 115 

100 5 

100 0 

100 9 

101.4 

100.7 

zb 

zb 

zb 

zb 

dz 

0 183 

0 240 

0 100 

0 230 

0 310 

100 1 

101 0 

100.7 

99.3 

99.1 

zb 

dz 

zb 

dz 

zb 

0 165 

0.153 

0 133 

0 158 

0 185 

100.5 

101 3 

100.9 

99.6 

99.0 

zb 

zb 

dz 

zb 

zb 

0 162 

0 157 

0 102 

0 207 

0.110 

99.9 

100 3 

100.1 

99.5 

99.4 

dz 

zt 

zb 

dz 

zb 

0 224 

0 177 

0.180 

0 215 

0 158 

100 4 

101.4 

101 G 

101 4 

101.1 

dz 

zb 

± 

dz 

zb 

0 192 

0 190 

0.183 

0.151 

0.165 

100 3 

101 4 

101 8 

101 6 

101 4 

zb 

zb 

dz 

zb 

dz 

0 119 

0 158 

0.126 

0.126 

0 133 

100 2 

100 8 

100 9 

100 5 

100.6 

dz 

zb 

zb 

dz 

zb 

0 377 

0 400 

0 479 

0.384 

0.200 


4 


99.9 

± 

0.204 

100.8 

0.163 

100.8 

± 

0 219 

100.7 

1 

0.172 

100.7 
zh 

0.103 

100.9 

zfc 

0.316 

99.1 

0.217 

99.7 
zfc 

0.137 

99.4 

zfc: 

0.126 

100.9 

0 176 
101 1 

0 153 
100 0 

0 309 


5 

100.4 

0 156 
100.4 
± 

0 106 

100 3 

zh 

0 162 
100 6 

0.150 

100.7 

± 

0.153 

100.6 

± 

0.200 
99 3 
± 

0 176 
99.9 

zb 

0 125 
99.3 

0.234 

100.7 

zb 

0 172 

101 2 
zb 

0.135 

99.9 

dz 

0 286 


“ Rat — Oral Administration 


t S E = j/VA' 
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It was observed that SAM was the least potent, 
most rapid in onset, and had the briefest duration of 
antipyretic activity of the three compounds tested 
(Figs. 1, 2, 3). NAPAP differed from aspirin in that 
it had a more rapid onset and a briefer duration of 
action. NAPAP and ASA were equally potent, 
for 100 mg./Kg. of either compound returned the 
temperature of the febrile rats to the prefebrile 
readings (see Table III). 

Since toxic manifestations or side effects are al- 
ways of importance in the final evaluation of a 
drug, a comparison of the ratio of the minimal 
neurological deficit doseso (TDjo) to the minimal 
antipyretic dose (min. ED = the lowest dose which 
reduced the temperature of febrile rats to approxi- 
mately normal; TDm/niin. ED) reveals; NAPAP = 
342/100 = 3.42; SAM = 82/150 = 0.54; ASA = 
312/100 = 3.12. 



TIME AFTER DRUG ADMINISTRATION (HOURS) 
Fig. 1. — AntipjTetic activity of 100 mg./Kg. of 
NAPAP, SAM, and ASA. O O = Fever con- 
trols, A A = NAPAP, X X = SAM, • • 

= ASA. 


Anticonvulsant Activity. — Doses as large as 25% 
of the LDso of NAPAP, SAM, and ASA were in- 
effective in abolishing the hind limb extensor com- 
ponent of the maximal electroshock seizures in the 
mouse. There was some indication that NAPAP 
and SAM prolonged the postictal depression while 
aspirin was without any apparent effect. This 
aspect of the convulsive pattern was not explored 
in greater detail in the present study. 

NAPAP, SAM, and ASA in doses as large as 
25% of the LDm did not have significant anti- 
mctrazol activity. 

Prolongation of Sleeping Time. — The results of 
oral administration of NAPAP, ASA, and SAM on 
the sleeping time of pentobarbitalized mice are 
presented in Table IV. 


In mildly sedating doses, NAPAP significantly 
prolonged the sleeping time of pentobarbitalized 
mice while ASA had no significant activity. 

Salics'lamide had some action in prolonging the 
sleeping time. However, the dose required to ob- 
tain this effect was lethal to 50% of the animals. 



TIME AFTER DRUG ADMINISTRATION (HOURS) 
Fig. 2. — Antipyretic activity of 125 mg./Kg. of 
NAPAP, SAM, and ASA. O O = Fever con- 
trols, A A = NAPAP, X X = SAM, • • 

= ASA. 



^ 

Fig. 3.— Antipyretic activity of 150 mg./Ke of 

NAPAP, SAM, and ASA. C3 O = Fev^ mn 

trols,^A A = NAPAP, X X = SAM. •— « 
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Tadi e IV — Ei I ECT or Orally Administerfd N-AcrTYL-i’-AMiNoriiENOL, Salicylamide, and Acetyl 
SALICYLIC Acid on Tiir Si elping Time op Pentodarditalized Mice 


Conipniin<l 

No 

Mice 

Dose 
mL /K(, 

J Dso 

7i 

Tncrc lac 

Over Controls, % 

P Value 

Symptoms Prior to 
Pentobarbital Na 

NAPAP 

10 

.335 0 

50 

.50 75 

<0 01 

Sedation 

NAPAP 

10 

107 5 

25 

30 8 

>0 02-<0 05 

Sedation 

NAPAP 

10 

100 5 

15 

2 1 

>0 05 

None 

SAM 

10 

795 0 

50 

54 0 

0 oi- 

Ataxia, ptosis 5/10 died 

SAM 

10 

397 5 

25 

13 2 

>0 05 

Ataxia, ptosis depression 

SAM 

10 

238 5 

15 

-9 0 

>0 05 

Atixia, sedation 

ASA 

10 

395 0 

50 

-2 35 

>0 05 

Sensitive to noise 

ASA 

10 

197 5 

25 

23 27 

>0 05 

None 

ASA 

10 

118 5 

15 

1 5 

>0 05 

None 


Computed on the b isi', of tile fie e rcnuiiniuK iniiU'iK 


Respiratory Effects. — The results arc stiinnnnzctl 
in T.ablc V Rcspiratorj r itcs and tidal \ oliiines 
were virtually uncliaiigcd bj NAPAP and oiih 
slightlj increased bj SAM In contrast, the most 
obvious effect of ASA u.is oii respirator} rate 
ASA induced a niarlecd increase in rate uliicli be- 
came prominent in .ipproxiniatel} four hours .mtl 
increased sli irpl} for the iic\t t\\ o hours to .i peak 
of 522% of control Tidal voluinc increased pan 
passu M itli the rate indicating that the primart re- 
spirator} effect of ASA was a change in rale The 
inaxnnum increase in respirator} cNchange at si\ 
hours was 532% of control Tidal volume, respir- 
ator} rate, and heart rate increased graduall} and 
inodcratcl} for the first three hours At appro\i- 
niatel} four hours after ASA all three measurements 
begin to show a sharp increase that estended over 
the ne\t tw o hours 


Cardiovascular Effects. — NAPAP produced a 
small but consistent rise in blood pressure in contrast 
to SAM and ASA both of which caused a decline m 
pressure At the end of si\ hours dogs receiving 
NAPAP had the same heart rate as their controls 
while SAM evoked an 8% and ASA a 77% increase 
111 r.itt Rectal temperature was decreased 1 3°C 
by NAPAP, increased 0 8°C b} SAM and increased 
more than 4“C b} ASA The elevation in temper 
attire inducetl b} ASA began about one and one- 
half hours after the drug and follow ed a steadil} ns 
mg course for the duration of the experiment 
NAPAP was the only one of these agents that pro 
dticed Its customar} depression of temperature at 
these high dose levels Blood pH values did not 
var} inarkedl} nor correlate w ell w itli other obser- 
vations The v.ilucs remained within the normal 
range for tlogs throughout the experimental period 


Tadle \ 

— Comparatue 

Respiratory and Cardiovascui ar Eppects op 
Sai icy I amide, and Acety lsalicy Lie Acid" 

N-Acetyl-p-aminophesol, 

Hr After 

p p 

11 Kate 

Rectal Temp 

Resp Rate 

Tidnl Y ol 

Blood 

Drug Inj 

mm Ilg 

per Mill 


per Mm 

Control ‘I. 

pH 



N Acet} 1 p ammophcnol, 250 iiig /Kg nitrag istric 



Control 

127 

14G 

30 7 

23 

100 

7 40 

1 

142 

1G2 

.30 0 

30 

132 

7 44 

2 

148 

153 

35 5 

20 

98 

7 50 

3 

151 

154 

35 4 

20 

95 

7 46 

4 

151 

147 

35 5 

19 

112 

7 44 

5 

149 

144 

35 9 

24 

130 

7 46 

0 

143 

148 

3G 3 

22 

125 

7 44 



SahcY Hiiiidc, 250 mg /Kg 

intragastnc 



Control 

138 

IGO 

37 2 

30 

100 

7 42 

1 

132 

153 

30 8 

27 

91 

7 39 

2 

130 

151 

30 8 

27 

95 

7 46 

3 

129 

157 

37 1 

29 

93 

7 40 

4 

129 

154 

37 5 

31 

127 

7 42 

5 

128 

1G2 

37 8 

33 

129 

7 30 

G 

123 

173 

38 0 

34 

103 

7 40 



AcetY Is ihc} he Acid, 250 mg /Kg intragastnc 



Control 

147 

144 

37 0 

18 

100 

7 46 

1 

141 

154 

37 2 

27 

145 

7 42 

2 

140 

170 

38 1 

29 

180 

7 46 

3 

145 

180 

39 0 

33 

218 

7 43 

4 

134 

195 

39 8 

41 

204 

7 42 

5 

125 

222 

40 5 

09 

390 

7 38 

G 

IIG 

253 

41 1 

94 

532 

7 41 


° Mean ^ alues from o dogs on each dntg 
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{ 19). In the isolated heart studies the effects of the 
three drugs at a constant dose of 2 mg. total were 
compared as to heart rate, myocardial contraction, 
and coronary flow. ASA produced a definite de- 
pression of contraction, a slight reduction in heart 
rate, and a moderate decrease in coronary flow. 
SAM elicited a depression of contraction, an in- 
crease in coronary flow, and no change in heart 
rate. NAPAP slightly increased myocardial con- 
traction, caused a moderate increase in coronary 
flow, and a slight increase in heart rate. These 
data are summarized in Table VI. 


Table VI. — Maximum Effects of N-Acetvl-p 

AMINOPHBNOL, SaLICVLAMIDE, AND AcETYLSALI- 

CYLic Acid on Isolated Cat Hearts" 


Drug 

Ampli- 
tude of 
of Beat 
Dose Control, 
mg. % 

Coronary 

Flow 

Control, 

% 

Change 
in H. R. 
Beats/ 
Min. 

NAPAP 

2 

101 

137 

-b6 

Salicylamide 

2 

70 

191 

+2 

Acetylsalicylic 

acid 

2 

61 

84 

-4 


® Mean of 5 experiraents 


DISCUSSION 

It was difficult to compare the LDso values ob- 
tained for NAPAP, SAM, and ASA in this labor- 
atory with those of other investigators. The ex- 
perimental conditions utilized in the different labor- 
atories varied as to animal weight, age, sex, and nu- 
tritional state or the experimental background of 


the tests %vere uncertain. Listed in Table VII are 
the toxicity values and conditions under which the 
tests were conducted as reported by several authors. 

The antipyretic activity of NAPAP (6), SAM (9, 
10), and ASA (10) have been reported bj- several in- 
vestigators. However, a surve 3 ’ of the literature 
does not reveal a comparative studj' of NAPAP, 
SAM, and ASA under the same experimental con- 
ditions. 

The results of NAPAP antipj’retic activitj' as re- 
ported by Boreus and Sandberg (0) and those 
found in this laboratory are similar as to time of on- 
set and duration: onset, 0.5-1. 0 hour; duration 
of 3-4 hours. 

The tests completed in this laboratory have shown 
that SAM had a very brief antipyretic activity. 
The onset of this activitj' occurred within one-half 
hour after administration and had completely dis- 
appeared within two hours. Furthermore, SAM 
produced a neurological deficit in doses below the 
minimum effective antipyretic dose. This has not 
been reported by other observers in their antipyretic 
studies. The failure to notice this toxicitj' might 
be the result of the physical state of the animals, 
for during the febrile period the animals remain 
relatively inactive which tends to mask signs of 
mild toxicitj', e.g., ataxia, central depression. There 
is a difference in the minimum effective dose of SAM 
as reported by Bavin (9) and Bullet (10) and that 
determined in this laboratory. Those authors re- 
ported that 50 mg./Kg., perorally, had a brief but 
observable antipyretic effect. The lowest minimal 
antipj'retic dose observed in our studies was 160 
mg./Kg. The cause of this difference is unknown; 
however, it might be attributable to the difference 
in the fever-producing agent, strain of the rats or 
the greater predrug temperature produced by their 
pyretic agent as compared to ours. 


Table VII. — Reported LDm Values for N-AcETYL-p-AMtNOPiiENOL, Salicvlamide, and Acetyl- 

salicylic Acid 


Drug 

NAPAP 

SAM 

Sperics 

Rat 

Mouse 

Mouse 

Rat 

Rat 

Nutritional 

Status, 

F = fasted 

F~18 hr. 

7 

? 

} 

No. of 
Animals 
Used per 
Dose Level 

2-3 

10-20 

15 

15 

15 


Rat 

? 


ASA 

Mouse 

F 

5 


Mouse 

? 

15 


Rat 

F— 18 hr. 

182 total 


Rat 


15 

Rat 

> 

15 

Rat 


15 

Rat 

} 


Body 

LDw mg./Kg. 
with Toxicity 


Weight, 

Observation 


Gm. 

Period 

Remarks 

250-350 

3200"— 48 hr. 

Clark (24) 

18-25 

1590 — 4 day 

Bavin (9) 


1400“ — !8 hr. 

Hart (20) 


1400— 48 hr. 

Hart (20) 


1830“— 24 hr. 

Unchanged at 7 days 

50-80 

1200—48 hr. 

Ichniowski (22) 
Male & Female- 

18-25 

1300 — 4 daj' 

Wistar Way (25) 
Male animals used 


1100“— 48hrs. 

Bavin (9) 

Male animals used 

120-200 

1360 — 7 day 

Hart (20) 

1 auimal/cagc 


Temp. 78-80“ F. 
Male Wistar rats 
Eagle & Carlson (21) 


1500—48 hr. 
1850“— 24 hr. 

Hart (20) 
Ichniowski 

(22) 

1100" — 7 daj' 

Ichniowski 

^2) 

1750“— 

Grass (23) 


Approximate LDw values. 
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The anUpjrctic activity of ASA was quite biinilar 
to that reported by Buller (10) inaxiiiiiiiii .ictivily 
around two hours, duration of action > four hours 
and a iiiiiiiinuiii oral antipyretic dose of 100 mg /Kg 

These findings correlate well with tlic effective 
blood levels of NAPAP, SAM and ASA recently dc 
terinined by Wcikcl (2b) This author showed 
that in humans free SAM, the active antipyretic 
substance, was rapidly conjugated This appar- 
ently accounted for its brief duration of antipj retie 
activity NAPAP differed in that its unbound 
active form was detectable in the pi isiiia within one 
hour and was well maintained for approximately 
five hours ASA took longest to obtain its in i\i 
mum effect due to the longer time required to ob 
tain peak plasma and tissue levels 

It vas unexpected that NAPAP was capable of 
prolonging the sleeping time of peiitobarbitalued 
mice in moderately depressant doses uhilc SAM was 
inactive except at a dose wliieli was fatal to '/: tl>c 
animals It has been observed by this laboratory 
and others (27) tint SAM is capable of producing 
hypnosis m nonlethal doses while NAPAP had this 
activity only in lethal doses Because of the dif- 
ference 111 hypnotic activity of the two coiiipounds 
it would be expected that SAM would be symergetic 
with pentobarbit d more re.idily than NAPAP 
The reason for the laek of prolongation by SAM can- 
not be explained with our present knowledge 

The findings of this laboratory on respiratory cf 
fccts arc ditficull to compare with the literature 
since most previous work dealt with intravenous 
doses of sodium salicy late or w itli oral doses of ASA 
111 unanesthctizcd animals The delay of four hours 
m onset of polypnea with ASA is somewhat sur- 
prising in view of other reports indicating that re- 
spiratory effects occurred rather promptly (28-.I2) 
Although there was a small increase in depth of 
respiration, the major portion of the increase in 
respiratory exchange with ASA was due to the m 
crease in rate In agreement with Wright (33) and 
Graham and Parker (31) it was found that bilateral 
vagotomy performed during the period of poly piica 
from ASA would eliinmate most of the stiiniilation 
and bring respiration to near iiornial, suggesting 
the possibility of a central reflex stiinul itioii over 
vagal afferents 

These data indicate clearly' tint ASA had far 
more respiratory' effects than tlie other two anti 
py reties There was no marked change in respir- 
atory rate or tidal volume w itli NAPAP or SAM 

The experimental and clinical literature b irely 
mentions the effect of ASA on heart rate Graham 
and Parker (31) gave a rather complete list of clini 
cal symptoms m sahcy'latc poisoning, but did not 
list tachycardia It is apparent from data re- 
ported here that there was a marked tachycardia 
associated with ASA poisoning, the development 
of which paralleled that of the respiratory eh iiiges 
Only minor fluctuations m heart rate were found 
with NAPAP and SAM 

References to the direct effect of salicylates on 
the ray'ocardium are scarce Clark (24) reported 
that doses of NAPAP from 2 to 25 mg had little 
effect on contraction or heart rate iii isolated rabbit 
hearts, although it did produce a significant increase 
m coronary flow Data obtained in cat hearts con 
firm Clark’s report for NAPAP and establish ASA 


as being the most depressant to the myocardium 
with SAM next The actions of ASA and NAPAP 
•ire contrasted by the fact that the former produced 
a definite depression while the latter caused a mild 
increase in all 3 p irameters studied (Table VI ) The 
gre Iter myocardi.il toxicity of ASA was illustrated 
by the de.ith of two out of five isolated heart prep 
arations from a 2 mg dose Coronary flow in- 
creased to 137% of eontrol with NAPAP without 
important changes in heart rate or myocardial con 
traction Interpretation of the increased flow with 
SAM was complicated by the myocardial depression 
which accompanied it From these data it would 
appe.ir that there is little danger of myocardial 
effects from NAPAP while cardiac depression must 
be considered as a possibility with toxic amounts 
of SAM and ASA 

SUMMARY 

1 Acute toxicity studies on the three anti 
pyretic agents, N acetyl p aminophenol (NA 
PAP), sahcylaiiude (SAM), and acetylsahcylic 
acid (ASA) revealed that NAPAP was the least 
toxic (LDio) in rats and guinea pigs while SAM 
exhibited the least toxieitv in mice 

2 A neurological deficit (TDio) was produced 
by vSAM at lower doses than NAPAP and aec 
tjlsahcyhc acid (AvSA) in rats and mice 

3 All three compounds produce an initial 
CNS depression Only NAPAP failed to pro 
duce convulsions at higher dose levels 

4 NAPAP and ASA were approximately 
equivalent in potency’ and more effectne than 
%SAM as antipy rctic agents 

o The antipy rcsis produced by NAPAP ivas 
more rapid in onset than that of ASA but did not 
have as long a duration of action 

0 Consideration of the minium neurological 
doscji/cffcctiy'c antipyretic dose indicated that 
NAPAP and ASA had a wider margin of safety 
than SAM. 

7 NAPAP jirolongcd the sleeping time of 
pcnlobarbitahzcd mice iii nonlethal doses In 
contrast, SAM was cffcctiy'c only in doses yvhieli 
killed 50% of the animals ASA had no demon 
strablc effect on sleeping time 

8 NAPAP, SAM, and ASA were ineffective 
as anticony'ulsants 

9 ASA produced tachycardia, pyrexia, 
marked poly’pnca, and an increase in tidal volume 
of over 500% of control 

10 NAPAP and SAM induced little change 
in blood pH, tidal y'olumc, respiratory’ rate, or 
heart rate 

1 1 Myocardial depression yvas seen ivith 
ASA and SAM, but not yvitli NAPAP 

12 NAPAP produced a moderate increase 
in coronary' floyv yvithout a significant change in 
force of beat or heart rate 
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Amberlite Resin XE-88 as a Tablet Disintegrant* 

By N. J. VAN ABBE and J. T. REES 

The characteristics of Amberlite Resin XE-88 are described and experimental results 
are given to illustrate its use as a tablet disintegrant. Amberlite XE-88 is effective, 
in certain cases, at lower les els than are needed with maize starch; the action is rela- 
tively unaffected by magnesium stearate or by prolonged storage. 


/^OMPRESSED TABLETS are convenient for the 
administration of medicaments in correct 
dosage but, since they are often swallowed whole, 
it is essential to make sure either that solution 
occurs rapidly in the digestive juices or that the 
tablets break up into small fragments. Further, 
the active constituents need to be made avail- 
able for absorption at an appropriate time during 
passage through the alimentarj' canal 
When the constituents of a tablet are such 
tliat rapid solution does not occur, a substance 
known as a disintegrating agent or disintegrant 
has to be included in the formula, the tablet 
then breaks up into relatively line particles in 
water or gastric juice Varieties of starch 
(maize, potato, arrowroot, rice) are widely used, 

* Rcccued October 21, 1'1",7, from the Pharmoceuticil 
De\clopment Department Gcn'itosan Limited, Louglibor 
ough I cicestcrshire, England 

1 lie niitbors ^^lsll 1 » * .• -'of Mr A R 

Webster in the early the technic il 

assistance of Mr K the Directors 

of Genatosan Liraitcc the results 

The work reported in this paper is the subject of British 
Patent Patent No 791. 2Sl 


though many other potential disintegrants have 
been described (1-4). Laboratory examination 
of a variety of substances suggested that ion- 
exchange resins would have disintegrant proper- 
ties. 

A considerable field of usage for synthetic ion- 
e.\change resins has developed since 1935, how- 
ever, the property of exchanging cations or anions 
is not relevant to the present work e-xcept from 
tlie standpoint of compatibility with other tablet 
ingredients The present study was confined to 
resins already used in medicine, as it was known 
that the proposed dosages would exhibit negli- 
gible pharmacological effects (5-7). The choice 
was also limited to those resins which w^ere not 
strongly colored and which were obtainable in a 
state of fine subdivision 

Of those resins tested, best results were ob- 
tained with Amberlite XE-88,‘ the potassium 
salt of a carboxylic resin. 

^Supplied bj Chas Lennig S. Co Ltd , London 
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Tins was obtainable as a fine, cream colored 
powder with a very faint odor, the dry powder 
was almost tasteless though aqueous dispersions 
Mere rather bitter A 10% suspension m water 
gave a substantially neutral reaction The loss 
on drvmg at 105° for four hours was about 5% 
and the ash figure approximately 30% Water 
and 95% alcohol soluble extractives were below 
0 2% , the arsenic and lead limits were 1 ppm 
and 5 p p m respectively These characteristics 
indicated that Amberhte XE 88 was suitable for 
incorporation into many tablet formulations 

EXPERIMENTAL 

Man\ variables influence the rate nf tablet dis 
integration, Holstiiis and DeKaj (3), in a statistical 
studj, denionstratcd a three way interaction he 
tween active constituents, binding agent and dis- 
integrant Other factors arc granule size and jio 
rositj , the nature and ainount of lubricant, and the 
degree and speed of compression Investigation 
into the disintcgrant properties of Ainberhtc Resin 
XE 88 v\ as necessarilv specific to the materials and 
formula emploved and, while some of the conclu- 
sions would be of general application, it was not 
possible to fon sec all the circumstances th it might 
applv III practice 

Since disintegration tune depended upon the de 
gree of coniiiression, it was anticip ited that various 
disuitegr lilts might be comp ired bj graiihical rep 
rcsentatii n of mechanical strengths and disintcgra 
tion times recorded over a range of pressure adjust- 
ments thus. Gross and Becker (2) had compared 
disintegration tunes bv extrapolation to a stand 
ard inci hanical strength In a long scries of ex- 
periments the present authors failed to demonstrate 
am simple relationship of this kind and eveiituallj 
chose to compare the disintegration tunes of tablets 
compressed within a narrow range of mechanical 
strength that would be tvpical for the particular 
formulations 

Standardized Conditions of Experiment. — (a) 
Each series of tablet batches was derived 
from a large quantitv of granules, processed as a 
single batch The disiiitegrants were added to 
separate portions along with the lubricant (&) 
Disintegrants were dried to a moisture con 
tent not exceeding 0% (c) All tablets were com- 
pressed on a motorized, single punch Manesty 
Tvpe E Press (d) Disintegration tunes were dc 
termmed bv the method of the 1955 Addendum to 
the British Pharmacopoeia 

Table I records an experiment in which calcium 
phosphate B P , which is frequentlj^ emploj ed as an 
inert diluent m tablets, was selected as a tjpical 
insoluble constituent, it was moist granulated with 
the aid of a carefully gelatinized 6% starch paste 
No 14 mesh granules were produced, the “fines” 
being separated on a No 40 mesh According to 
the amount of disintegrant used, an appropriate 
quantity of "fines” was replaced m the granulation 
so that all tablets were derived from mixes contain 
mg similar proportions of material passing No 40 
mesh Tablets were compressed at 0 5 Gra theo 
retical weight and Vic inch diameter 


Tabi r I — Comparison op Amberlite Resin XE 88 
AND Maize Starch in Calcium Phosphate Tab 

LETS 


Bvlch 



Mon 
santo 
' Hard 

Dismtegra 

tion 

Disintcgrant 

% 

ness ’ 

Time t d 

No " 

w/wr 

Kg b 

Sec 

1 

None 


6 0 

>3600 

2 

Maize Starch 

3 0 

6 0 

>3600 

3 

Maize Starch 

G 0 

7 0 

1550 

4 

Maize Starch 

9 0 

5 9 

527 

5 

Maize Starch 

12 0 

C 0 

307 

G 

Amberhte 

XE-88 

1 5 

G 7 

>3600 

7 

Amberlite 

XE-88 

3 0 

G G 

1162 

8 

Amberhte 

XE-88 

G 0 

6 9 

152 

0 

Amberlite 

XE-88 

12 0 

5 7 

21 

** 1 xpcnmcntal batches 

of 0 5 Gra 

tablets 

of calcium 


pliosplntc K P 

Hardness and disintc;;ration results arc given as the 
mem <lerivcd from two tiatchcs Hardness figures repre 
sent lilt average of 20 readings disintegration times are the 
aver ige of 0 re idings taken at time of manufacture 
* Magnesium stearate 0 25% w/w (throughout) 

Guided disks used 


The disintegration times were determined on 
hatches of tablets compressed within a Monsanto 
"Hardness” range of 5 5-7 2 Kg An exact numeri 
cal expression of the relative efficacies of maize 
starch and Amberhte XE-88 could not be derived 
from these results, but comparable disintegration 
tunes were obtained when these substances were 
used in the ratio of approximate^ 2 3 1 

In the experiment recorded in Table II, phenobar 
bitoiic B P (0 032 Gm per tablet) was formulated 
to j icld tablets of 0 005 Gm theoretical w eight, com 
pressed at Vi- inch dnmeter Lactose was used as 
diluent and 10% gelatin mucilage was emploved to 
produce granules at No 10 mesh The "fines” were 
not remov cd 

Table II shows the results obtained with varving 
levels of lubricant With maize starch, the dis 
integration tunc rose abruptlj at high lev els of lubn 
cant, when Amberhte XE-8S was used, there was 
no pronounced increase It is also noteworthj that 
rclativclv firm tablets could still be produced on the 
light duty press, when high levels of magnesium 
stearate were used in conjunction with Amberhte 
XE 88 as disintcgrant 

The tablets of phenobarbitone w ere subjected to a 
storage test under laboratorj and “tropical” condi 
tions for twelve weeks Specimen tubes were both 
cotton plugged (to allow free passage of moisture 
vapor) and fitted with waxed corks (to prevent 
moisture vapor transmission) Pharniacopeial as 
saj s for phenobarbitone performed before and after 
storage rev ealed no significant change in anj of the 
tests 

Table III shows that there were no marked 
changes in disintegration times m any of the sets of 
conditions 

DISCUSSION 

The properties of Amberhte Resin XE 88 which 
have emerged from the experimental work recorded 
above, may be considered as follows 
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Table II — Comparison or Amberlite Resin XE-88 and Maize Starch in Phenoparbitone Tablets 


Batch 

No ” 

Disintegrant 

rag /Tab 

Magnesium 

Stearate, 

mg/Tab 

Loss in 

Wt , Gm & 

DisintegratJOD 

Time, 

Sec ® 

1 

Maize Starch 

6 5 

0 45 

0 82 

85 

2 

Maize Starch 

6 5 

0 95 

0.86 

120 

3 

Maize Starch 

6 5 

2 25 

0 89 

765 

4 

Amberlite XE-88 

2 0 

0 45 

0 65 

55 

5 

Amberlite XE-SS 

2 0 

0 95 

0 42 

70 

6 

Amberlite XE-88 

2 0 

2 25 

0 44 

135 

7 

Amberlite XE-88 

4 0 

0 45 

0 70 

45 

8 

Amberlite XE-SS 

4 0 

0 95 

0 48 

55 

9 

Amberlite XE-SS 

4 0 

2 25 

0 45 

75 

10 

Amberlite XE-88 

8 0 

0 45 

0 82 

55 

11 

Amberlite XE-8S 

8 0 

0 95 

0 62 

50 

12 

Amberlite XE-88 

8 0 

2 25 

0 68 

60 


" Experimental batches of 0 0G5-Gm tablets of pheoobarbitone B P , 0 032 Gm per tablet 

6 Determined by shaking test (9) A high level of mechanical strength is indicated by a low reading in this test 
r Taken at time of manufacture 


Table III — Effect of Storage on Disintegration Time" 


•Disintegration Time, Sec 

After 12 Weeks— 




Maguesiutn 


Labor ator y t » 

"Tropical ’ ' * 



Stearate 


Cotton- 

Waxed 

Cotton 

waxed 

Disintegrant 

mg /Tab 

mg /Tab 

Initially 

pliiggedrf 

Cork* 

plugged d 

Corlcc 

Maize starch 

6 5 

0 45 

85 

60 

SO 

60 

150 



0 95 

120 

80 

120 

225 

210 



2 25 

765 

660 

550 

780 

570 

Amberlite XE-88 

4 0 

0 45 

45 

25 

55 

35 

80 



0 95 

55 

35 

55 

35 

90 



2 25 

75 

35 

55 

60 

95 


“ Storage test results on some of the batches of pheoobarbitone tablets shown in Table II 
6 Normal laboratory conditions (dark cupboard) 

<5 Cabinet maintained at 37® 90% R H for 18 hrs daily, temperature falling to ambient for C lirs and R H rising to 100% 
for short period 

Glass specimen tubes 3 in x I in . with absorbent cotton plugs 
« Glass specimen tubes, 3 in x 1 in , with externally paraffin-waxed corks 


In the presence of a considerable proportion of 
water-insoluble constituents, tlie inclusion of 5-15% 
w/w of Amberlite Resin XE-88 yielded tablets 
having disintegration times well witliin tlie accept- 
able limits but of adequate mechanical strength 

These properties as a disintegrant did not seem to 
be unduly sensitive to the presence of a liydrophobic 
lubricant such as magnesium stearate No marked 
increase in disintegration time occurred during stor- 
age 

The literature showed tliat Amberlite Resin XE- 
88 would not have any pronounced physiological 
action in the dose levels considered and was certainly 
nontoMC 

Except that exchange of cations might be antici- 
pated ill certain instances, Amberlite XE-8S would 
be chemically compatible with the usual therapeutic 
agents used in tablettiiig 

There was no significant effect upon the appear- 
ance, odor or taste of the tablets, either initially or 
after storage, and the requisite proportions did not 
iiiiduty increase tlie size. 

While these general conclusions are supported b\' 
the evidence contained in this paper, it would be 
imprudent to expect tlie same results in all circum- 
stances; liken ise, it Mould be incorrect to attempt 
a quantitative comparison nitli conventional dis- 
iiitcgraiits, such as the starches, for general applica- 
tion Hon ever, it does seem that Amberlite Resin 
XE-8S may be effective in a lower percentage than 
maize starch and its efficacy is likely to be main- 
tained even nlien a Iiigh proportion of hydrophobic 


lubricant is present. This suggests that it might be 
particularly useful in compositions with a severe 
tendency to adhere to the punches of a tablet press 
It is possible to offer an explanation of the dis- 
integrant activity of resins such as Amberlite XE-88, 
by reference to the fact that swelling often occurs 
when they become hydrated. Many substances 
exliibit a similar snelling characteristic but do not 
function satisfactorily as disintegrants It is sug- 
gested that an essential feature of a tablet disinte- 
grant is that, in the swollen state and at tempera- 
tures up to 37°, it must not be readily soluble or act 
as an adliesive; it has often been noted that gums 
have functioned poorly in this connection probably 
because, when hydrated, they tended to stick the 
particles of a tablet together. Ion-exchange resins 
nhile having a swelling effect, do not dissolve or have 
any adhesive tendency 
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Study of Stability of Sulfadiazine Sodium Injection III.* 

An Investigation of Degradation Products of Sulfadiazine Sodium 

By CHARLES J. SWARTZf and JOHN AUTIANf 


Solutions of sulfadiazine sodium undergo discoloration and precipitation on pro- 
longed storage. In this study, the nature of the coloration and precipitation has 
been investigated utilizing infrared and ultraviolet spectroscopic data together with 
chemical procedures. The coloration was believed to be composed of sulfanilic-type 
intermediate oxidation products. The precipitate was ascertained to be prin- 
cipally sulfadiazine contaminated with trace quantities of oxidized materials. Ex- 
perimental evidence is presented to support the above assumptions concerning these 

degradation products. 


N PREVIOUS WORK (1, 2), Horn and Aulian 
studied the solubility of sulfadiazine sodium 
as a function of pH in several solvent systems 
as well as stud)'ing the stability of these for- 
mulations. The primary jiroducts of deteriora- 
tion, detected by the coloration and predpi- 
tation which form on long standing in sulfadia- 
zine sodium injections, were still unknown. 

Numerous investigators (3-5) have studied 
oxidized or other degradated materials from 
various sulfonamide solutions but little infor- 
mation concerning sulfadiazine sodium was in- 
cluded. 

It was furthermore felt that a quantitative 
study of the deterioration might shed further 
light on the process which has been concluded to 
be one of oxidation(3). Therefore, a study em- 
ploying five distinct measurements of activity 
was initiated on samples stored in diffused 
light at room temperature (20-24“) and those 
stored at GO.O ± 0.1° in an oven. This study 
extended over a one hundred da}' period. 


EXPERIMENTAL 


Investigation of Precipitate. — Precipitated mate- 
rial from the deteriorated ampuls was separated by 
filtration and subsequently washed with several 
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portions of tlislillcd tvater. The precipitate was 
tlieii dried in an oven at 80°. Melting point de- 
termination showed a range of 250-254°‘ compared 
to sulfadiazine which melted at 255-256°.' This 
material was then subjected to infrared spectros- 
copy employing the "potassium bromide disk" 
technique which is particularly applicable to the 
study of minute quantities of insoluble solids. Re- 
sults of this study are demonstrated in Figs. 1 and 
2. Ultraviolet spectra were also prepared in the 
range of 21 5 to 320 mp on samples containing 5.0 mg. 
of tlie precipitate dissolved in one liter of a buffered 
aqueous solution (pH 7.0). A spectrogram ivas 
taken in order to check for the possible presence of 
heav}' metal contaminants in the precipitate. It 
was felt that the metal might be carried over in trace 
amounts to the refined drug from the manufactur- 
ing processes. A Bausch and Lomb Littrow Spec- 
trograph was utilized for this analysis. 

Separation and Identification of Colored Material. 
— The intense brown color present in the solutions 
was isolated employing a Soxhlet extractor. The 
solutions were prepared for extraction by filtration, 
followed by subsequent evaporation to dryness in a 
forced draft oven at 80°. The resulting solid was 
stored iti vacuo over phosphorous pentoxide in a 
desiccator. This highly pigmented residue was sub- 
jected to a continuous extraction by absolute 
methanol using the Soxhlet equipment and the 
alcohol then evaporated. The oily product was then 
returned to the Soxhlet for further extraction witli 
ether. The product obtained at this point was a 
deep yellow-colored oil which was not immediately 
crystallizable. Peak absorbances for this oily 
material were demonstrated in the ultraviolet and 
visible spectra at 260 m;i and 530 mp respectively. 
An infrared spectrum was obtained from the oil, 
by preparing a smear from which the spectrum was 
recorded (Fig. 3). After a number of weeks of stor- 
age in a refrigerator, the appearance of some fine 
crystals in the oil was observed. 

One Hundred Day Study of Degradation. — A sta- 
bility study of 1% solutions of sulfadiazine sodium 
in a borate buffer system varying in pH from 8..5 
to lO.O, at increments of 0.5 pH units, was initiated. 


* Uncorrected temperatures. 
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Fig. 1. — Infrared absorption spectrum of sulfadiazine. 
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Fig. 2. — Infrared absorption spectrum of precipitate from solution. 
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Fig. 3. — Infrared absorption spectrum of yellow oil extracted from degraded solutions. 


The s.'unples were placed in 20-ml. clear glass am- 
puls Type 2 and scaled in the presence of air. One- 
half of the ampuls were kept at room temperature 
(20-24°) in diffused light, while the other half were 
stored in an oven at CO.O ± 0.1°. 

At ten-day intervals, the samples were analyzed 


bj' three different procedures. The official nitrite 
assay for sulfadiazine sodium (6) was employed to 
detect the benzylaraino group. A nonaqueous 
procedure for the determination of the SOjNK group 
developed bj’ Fritz and Keen (7) was adapted and 
utilized as the second method of analysis. A colori- 
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metric procedure was employed as a third quanti- 
tative technique and was based upon the work of 
Shepard (8). This method depends upon the reac- 
tion of sulfadiazine with 2-thiobarbituric acid to 
form an intensclj’ colored complex specific for the 
aminopyrimidine moiety. Hydrogen ion concen- 
trations were obtained by the use of a Beckman 
Model H2 Glass Electrode pH Meter. Per cent 
transmission of the samples was determined and 
the color compared to that of freshly prepared solu- 
tions at 520 ran on the Beckman Model C Colori- 
meter (Fig. 4). 

Results of this study at 00° are summarized in 
Table 1. At room temperature, there was no meas- 
urable degradation after one hundred days. 



Fig 4 — Appearance of color in ampuls of sulfa- 
diazine-sodium (1%) at various pH’s stored at 00°. 
A = pH 10.0, B = pH 9.5, C = pH 9.0, D = pH 8.5. 


DISCUSSION 

Careful examination of Fig. 2 shows that it differs 
little from the spectra of pure sulfadiazine (Fig. 1). 
In addition, examination of ultraviolet data gives 
further credence to the above observation. The 
spectrophotometric evidence indicates that the 


precipitate is composed of at least 99% sulfadiazine. 
This precipitation of the free acid is not unusual for 
salts of weak acids under the conditions of higher 
concentrations. Even though the hydrolysis 
equilibrium; 

A- -1- HOH OH- -I- HA 

greatly favors the salt form, a small amount of the 
insoluble acid will be present in solutions of high 
concentration and will appear as a precipitate. A 
minute quantity of the colored oxidation products 
are separated with the sulfadiazine possibly due to 
an adsorption phenomenon. The depressed and ex- 
tended melting range of the precipitate substantiates 
this statement. The spectrogram was completely 
negative in regards to metallic contaminants in the 
sulfadiazine powder. 

Examination of the infrared spectrum of the ex- 
tracted oil indicates that it consists of intermediate 
oxidation products which have already been cleaved 
from the pyrimidine portion of the molecule. In 
the region of 800, 1000, and 1500 cm.”’, the ab- 
sence or very minimum appearance of absorption 
peaks shows that the pyrimidine moiety is no longer 
present. On the other hand, the spectrum most 
resembles sulfanilamide in character. There are 
thirteen absorption peaks in the spectrum of the 
oil which are identical with those found for sulfanil- 
amide. Maxima at 1250, 1450, and 1735 cm."' 
which do not correspond to sulfanilamide configu- 
ration approximate the maxima observed in sul/a- 
nilic acid at these points. The presence of only 
one absorption maximum, at 2G0 in the ultra- 
violet spectrum also demonstrates the disappear- 
ance of the pyrimidine ring in the molecule. These 
experiments would seem to indicate that the oil is 
composed chiefiy of a mixture of sulfanilic-type com- 
pounds which are, themselves, in the process of 
undergoing further oxidation. Careful analysis of 
the spectra points to the possible formation of 
quinoid-like products. Further work, however, is 
necessary to verify these assumptions. 

The numerous analytical procedures demon- 
strated that, although a color was formed in solu- 
tions of sulfadiazine sodium, the degradation in all 
cases was less than 2% at the end of 100 days 
storage. Solutions at the higher pH’s showed less 
coloration and at pH 10, the deterioration of am- 
puls stored at 00° was negligible. No preeipitation 
was noted in any of the ampuls probably because 
of their dilute nature. Although it has been 
demonstrated above tliat the pyrimidine fragment 
of the sulfadiazine sodium has been cleaved in the 
early' stages of oxidation, loss of this portion of the 
molecule was not detected in the differential assays. 


TableI. — Stability Study of 1%w/v Sulfadiazine Sodium Solutions Stored for 100 Daysat 60.0±0.1° 


/ 

-pH . 

— ^Transmis 
Init. 

Sion. % — ■ 

' U.S.P. 

Assay®— — ^ 

— Nonaqueoi 

IS Assay® — • 

. — Coloriraeti 

ric Assay®—' 
End 

Init. 

End 

End 

Init. 

End 

Init. 

End 

Init. 

8.50 

8.50 

100.0 

83.5 

0.101 

0.099 

0.101 

0.098 

0.097 

0.096 

9.00 

9.00 

100,0 

91.5 

0.101 

0.099 

0.100 

0.098 

0.097 

0.096 

9.45 

9.45 

100.0 

94.5 

0.100 

0.099 

0.099 

0.098 

0.096 

0.095 

10.00 

10.00 

100.0 

96.5 

0.098 

0.098 

0.097 

0.097 

0.095 

0.095 


^ Assay results stated in grams sulfadiazine sodium/10 ml. sample. 
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It was felt that the colorimetric assay was not suffi- 
ciently reproducible to indicate this small loss in 
potency. 


Analytical procedures demonstrated that degra- 
dation of the sulfadiazine sodium in ampuls stored at 
60° for 100 days was less than 2% in all quantita- 
tive procedures employed. 


SUMMARY AND CONCLUSIONS 
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Metabolism of Labeled Acetate in 
Bryophyllum Calycinmn Salisb.* 

By HERBERT LIEBERMAN,t JOHN E. CHRISTIAN, and 

EGIL RAMSTAD 


A N UNUSUAL FEATURE of the acid metabolism 
in Bryophylhm is the reported accumula- 
tion of isocitric acid in the leaves. Pucher (1) 
found 50 per cent of the total acidity in Bryo- 
pliyllum calycinmn Salisb. to consist of isocitric 
acid, and Bonner and Bonner (2) stated that 
approximately 94 per cent of the total acidity in 
Bryopliyllnm crenatum Salisb. is due to isocitric 
acid. 

An accumulation of isocitric acid above the 
concentration of citric acid is contrary to the 
equilibrium constant of the enzymatic reaction: 
citrate ^ isocitrate. Aconitase, the enzyme me- 
diating this transformation, establishes a mi.x- 
ture of citric, D-isocitric and cis-aconitic acids in 
the proportions of SO, 16, and 4 respective^ (3). 

Stutz and Burris (4) offered an explanation for 
the higher concentration of isocitric acid than 
citric acid in Bryophyllum calycinmn, stating that, 
if a tricarboxylic acid cycle is operative in this 
plant, the cycle is “sluggish.” A slow rate of 
reaction could be due to an inhibition of the aco- 
nitase or be the result of the presence of a small 
amount of this enzyme. But a "sluggish” opera- 
tion of the tricarboxylic acid cycle cannot ration- 
ally explain why there is more isocitric acid than 

* Received September 12. Ifl57, from the Uese.vrch Lab- 
oratories of tlic Purdue University School of Pharmacy, 
Lafayette, Ind, 

t Present address: International Latex Corporation, 
Uover, Del 


citric acid in this plant unless isocitric acid is 
formed prior to citric acid. 

The authors of this paper considered the possi- 
bility of the existence of a mechanism for the 
formation of isocitric acid by a route different 
from that of Krebs’ tricarboxylic acid cycle (5). 
Glyoxylic or glycolic acid was thought to con- 
dense with succinic acid to give isocitric acid di- 
rectly, but such a mechanism could not be found 
operative in Bryophyllum calycinmn. However, 
information appeared in the literature during the 
course of the present investigation stating that 
certain bacteria effect a split of citric acid into 
fragments C2 and C4 (6-12). A similar cleavage 
of isocitric acid by bacteria was also reported 
(13). This cleavage does not involve the partici- 
pation of coenzyme A and has as its products 
succinic and glyoxylic acids. 

In an attempt to establish whether the Krebs’ 
tricarboxylic acid is operative or not in Bryo- 
phyllum calycinmn a comparative studj^ of the 
metabolism of C^Hs-COOH in the leaves of this 
plant and in tomato was undertaken. 

EXPERIMENTAL 

Material and Sample Size. — The leaves of 
Bryophyllum calycinmn and tomato were harvested 
only on bright, sunny days, usually between 3 and 
4 p.m., and used immediately thereafter. In order 
to obtain uniform samples eight medium-sized 
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leaves from the same cion were placed on top of each 
other and discs cut with a cork borer number 3 from 
the middle of the blades, adjacent to each side of the 
midrib. 

Inhibitors. — Respiratory studies in the Warburg 
apparatus were undertaken to determine the con- 
eentration of enzyme-inhibitor which must be added 
under the chosen experimental conditions to stop 
respiration in the leaves of Bryophyllum calycinum 
and tomato. Complete inhibition of re.spiration of 
Bryophyllum and tomato leaves was obtained by 
imbibition of the leaf with Af/3 nialonate or jl//30 
fluoroacetate. Four conditions were tested in each 
of the two plants in the C'UIjCOOH experiments, 
namely: (a) no inhibitor, (ft) A//3 malonic acid, (c) 
Af/30 fluoroacetie acid, and (d) both A//3 malonic 
and Jlf/30 fluoroacetie acid. 

Exposure. — The apparatus employed for vac- 
uum infiltration has been described in a previous 
paper (5). The plant disks used were pierced with a 
straight pin and placed into a 2-nil. test tube so that 
all disks were bathed completely by the imbibition 
fluid (5). One-half ml. of fluid completclj’ covered 
the eight disks 

The disks were quickly imbibed with 2-C'* acetic 
acid and allowed to metabolize in complete darkness 
for fifteen minutes in one series, and for two hours 
in another series of experiments. 

Imbibition of 2-C“ Acetic Acid.‘ — The solutions 
used for the \acuum infiltration of Bryophyllum 
and of tomato contained 50 microcuries of sodium 
acetate to which were added 2 drops of IN HCl. 
The acid solution was brought to the one-half ml. 
mark with water. 

Preparation of Autoradiograms. — The techniques 
employed for imbibition, extracation and spotting 
have been described previously (5). All samples 
were run in duplicate, and four samples ivere run for 
each type of solution. 

The alcohol-soluble residue was suspended in 0.3 
ml. of water. From each suspension two 50-X 
samples of the supernatant liquid were taken. The 
samples were spotted in the exact center of a What- 
man No. 1 filter paper that had been cut previously 
to a square, 38 cm. by 38 cm. The diameter of Uie 
point of application never exceeded 8 mm. Only 
the quadrant of the paper into which the radioactive 
metabolites separated was cut out. Four of these 
quadrants were taped to a cardboard and placed on 
the film. The contact tim e with the film was six to 
eight months. 

Identification of the Compounds. — The identities 
of the metabolites represe nted in the darkened areas 
on the autoradiograms w ere established by compari- 
son of the metabolites’ locations with the locations 
of known substances similarly chromatographed, 
and, after elution of the spots, by cochromatograph- 
ing two-dimensionally the labeled substances rvith 
authentic substances. 

Generally, the activity of the radioactive spots on 
any one of the chromatograms was only about 6 
counts per minute abo ve background when counted 
with a Q-gas counter. In order to identify the 
labeled products, iden tical spots from 15 sheets were 
combined. Identical spots were combined only 


1 The 2-Cu acetic acid used in this work was synthesized 
by G. F. Collins and E. Ramstad (14). The specific activity 
was calculated from the available data (14) as approximately 
15.3 microcuries per mg. of sodium 2-Co acetate. 


from chromatograms which had been prepared from 
experiments with one type of imbibition fluid. 

RESULTS 

Figures 1-8 show examples of the autoradiograms 
from the two-hour runs, essentially identical to 
tho.se from the fifteen minute runs. 

DISCUSSION 

The findings show that imbibed 2-C''' acetate is 
not converted to citric or isocitric acid in leaves of 
Bryophyllum. This holds true whether the experi- 
ments were performed with or without the use of 
malonic and/or fluoroacetie acid as inhibitors. 
Succinate is the most highly labeled product in 
Bryophyllum (Fig. 1-4), and pyruvie, oxalacetic, 
and fumaric acids also arc labeled relatively highly. 
When fluoroacetie acid is used as an inhibitor, 
labeled citric acid is not formed in Bryophyllum 
lc.avcs (Fig. 3). 



Fig. 1. — Acetate Bryophyllum no inhibitor 2 
hours. Abbreviations — A, aspartic acid; M, malic 
acid; P, pyruvic acid; O, oxalacetic acid; S, 
succinic acid; F, fumaric acid, and 52, acid “52." 
Solvent systems — I, water-saturated phenol; H, 
butanol-acetate acid-water (4-1-1). 


Figures 5-8 illustrate the metabolism of 2-C'* 
icetate in the control plant, tomato. In this plant 
luccinic acid also appears as the first and the most 
leavilj' labeled substance in the experiments with 
>r without enzyme inhibitors (malonic acid, and 
nalonic and fluoroacetie acids together). Citric 
icid is the most heavily labeled compound produced 
n the presence of fluoroacetie acid (Fig. 7). Citric 
icid also appears labeled in tomato, although to a 
esser extent, in noninhibited runs with 2-C'‘ 
Lcetate, but labeled citric acid is not formed in the 
xperiments with Bryophyllum. 

In the experiments with 2-C'* acetate in tomato, 
he presence of labeled citric and malic acids, the 
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Fig. 2. — Acetate BryophyUum 2 hours malonate. 
Abbreviations — P, pyruvic acid; O, oxalacetic 
acid; S, succinic acid; F, fumaric acid; and 52, acid 
“52." Solvent systems — I, water-saturated phenol; 
II, butanol-acetate acid-water (4-1-1). 


II 




Fig. 3. — Acetate BryophyUum 2 hours, fluoro- 
acetate. Abbreviations — ^A, aspartic acid; M, 
malic acid; P, pyruvic acid; O, oxalacetic acid; 
S, succinic acid; F, fumaric acid; and 62, acid 
‘ ' 52 ." Solvent systems — I , water-saturated phenol ; 
II, butanol-acetic acid-water (4-1-1). 


increase in labeling of citric acid in the presence of 
fluoroaectic acid, the formation of labeled glutamic 
acid (biogcnetically related to a-ketoglutaric acid) 
arc findings consistent with the e.xistence of an 
operating tricarboxylic acid cycle in this plant. In 
the experiments with 2-C'‘ acetate in BryophyUum, 
however, the complete absence of labeled citric 
and isocitric acids, both in inhibited and in non- 
inhibited runs, the presence of strongly labeled 


Fig. 4. — Acetate BryophyUum 2 hours fluoroace- 
tate and malonate. Abbreviations — M, malic acid; 
A, aspartic acid; P, pyruvic acid; O, oxalacetic 
acid; U, unknown acid ; S, succinic acid; F, fumaric 
acid; and 52, acid “52.” Solvent systems — I, 
water-saturated phenol; II, butanol-acetic acid- 
water (4-1-1). 



Fig. 5. — Acetate tomato no inhibitor 2 hours 
Abbreviations — C, citric acid; G, glutamic acid- 
M, malic acid; P, pyruvic acid; O, o.xalacetic acid’ 
U, unknown acid; S, succinic acid; F, fumaric 

acid; and 52, acid "52.” Solvent systems i 

water-saturated phenol; II, butanol-acetic acid- 
water (4-1-1). 
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Fig G — Acetate tomato 2 lioiirs maloiiatc 
Abbreviations — C, citric acid, P, pyruvic acid, O, 
oxalacctic acid, t', unknown acid, S, succinic 
acid, and F, fuinaric acid. Solvent systems — I, 
water-saturated plienol, 11, butanol-acetic acid- 
water (4-1-1 J 


II 



Fig. 8 — Acetate tomato 2 hours fluoroacetate and 
malonatc Abbreviations — C, citric acid; G, glu- 
tamic acid, P, pyruvic acid; O, oxalacctic acid; 
U, unknown acid; S, succinic acid; F, fumaric 
acid, and 52, acid "52.” Solvent systems— I, 
uater-saturated phenol; II, buLanol-acctic acid- 
water (4-1-1 ). 


II 



Fig 7. — Acetate tomato 2 hours fluoroacetate 
Abbreviations — C, citric acid, G, glutamic acid, 
P, pyruvic acid, O, oxalacetic acid, S, succinic 
acid, U, unknown acid, and 52, acid “52 ” Solvent 
systems — I, water-saturated phenol; II, butanol- 
acetic acid-water (4-1-1). 


succinic and also of labeled pyruvic, oxalacctic, and 
fumaric acids point to the possible existence of an 
oxidative pathway of acetate that does not involve 
the tricarboxylic acids. 
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An Electrolytic Servo-System and the Study of 
Oxidative Phosphorylation* 

By JOHN J. EILER, JERE E. GOYAN.t L- DALLAS TUCK, and CARTER C. COLLINS 

A variety of drugs markedly influence mito«hondrial oxidative phosphorylation and 
other enzyme catalyzed electron exchange reactions. The electrolytic servo-system 
described is useful in the study of these reactions and the effect of drugs thereon. 

The servo-system functions to maintain a mediator, transferring electrons between an 
enzyme system and a metallic electrode, at a constant predetermined potential. The 
utility of the instrument is demonstrated in a study of the phosphate-uptake associated 
with the oxidation of a-ketoglutaric acid by rat liver mitochondria, with ferro-/ferri- 
cyanide serving as mediator. The selectivity of ferricyanide as an electron acceptor 
is demonstrated in a study involving the use of Antimycin A,^ The use of the in- 
strument as a low current potentiostat is also presented. 


URING the last ten j'ears, studies in our lab- 
oratory (1, 2), and elsewhere (3), have 
indicated that certain chemical agents and drugs 
markedly influence the rate and efficiency of 
oxidative phosphorylation, the process occurring 
in mitochondria whereby the oxygen-consuming 
electron transport reactions are coupled with the 
formation of high-energy phosphate compounds. 
Various agents interrupt electron transport at 
different sites on the electron transport chain; 
others serve only to uncouple the associated 
phosphorylation. 

Our knowledge of this phase of drug action 
could be increased significantly if we had an 
effective means to study the phosphate uptake 
associated with ielccted segments of the total 
electron transport chain. The simple use of 
oxidation-reduction couples has not been success- 
ful as a means of studying the oxidative phos- 
phorylation occurring in selected segments of the 
transport chain. When used in the concentra- 
tions necessary to permit them to serve as the 
ultimate donor or final acceptor of electrons, 
most couples have a deleterious effect on the 
phosphate uptake. 
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Previous studies in this laboratory (4, 5) have 
demonstrated the feasibility of using a smooth 
platinum electrode, together with an electro- 
motively active mediator, to serve as a donor or 
acceptor of electrons in enzyme catalyzed oxida- 
tion and reduction reactions. In these studies, 
largely unpublished, a smooth platinum electrode 
was inserted into a modified Warburg vessel and 
connected through a side-arm to a source of 
E. M. F. in series with a variable resistance. The 
dreuit was completed by the use of a suitable 
half-cell in a second Warburg vessel joined to the 
first cell by a short agar-KCl bridge. A 
standard calomel half -cell connected to the bridge 
by a T arrangement permitted measurement by a 
potentiometer of the potential on the platinum 
electrode when serving either as a cathode or 
anode. With no applied E. AI. F., the platinum 
electrode indicated the potential of the electro- 
motively active component (mediator) in the 
vessel. The inclusion of an ammeter and a volt- 
meter as in a conventional electrolysis dreuit 
(C) permitted measurement of current and ap- 
plied E AI F. 

In one group of studies (4) with the platinum 
serving as an anode, the platinum-containing 
vessel was charged with a mitochondrial prepa- 
ration (1) and the necessary components to study 
oxidative phosphoiydation under anaerobic con- 
ditions. With a ferro-/ferricyanide couple in 
catalytic concentrations, sendng as the trans- 
porter of electrons from the enzyme system to the 
electrode, the number of faradays consumed 
during a twenty-five minute period was equal to 
the equivalents of oxygen used in separate runs 
under aerobic conditions, while the phosphate 
uptake was one-third that obsen-ed under aero- 
bic conditions. Under aerobic conditions with 
the platinum serving as cathode and with 2- 
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methyl- 1,4-naphthoquinone serving as the trans- 
porter of electrons from platinum to the enzyme 
system, but with no substrate, the current 
matched the measured oxygen uptake and the 
phosphate uptake was significant (.5). 

In these studies, the potential of the mediator 
was maintained approximately constant by 
regulating manually the applied voltage so that 
the rate of transformation of the mediator by the 
electrode balanced the rate of the reverse trans- 
formation by the enzyme system. 

It seemed possible that the usefulness of such 
an electrolytic device, especially for the study of 
the influence of drugs on the kinetics of enzyme 
catalyzed oxidations and on the associated phos- 
phate esterification, could be increased measur- 
ably by the development of a servo-system which 
would automatically control the potential of a 
mediator within a few millivolts of a prefixed 
value. The present study is concerned with the 
development and the use of such an instnimcnt. 
While there are a number of instnimcnts which 
maintain a constant potential on an electrode, 
we are not aware of an instrument, such as that 
reported here, which maintains the oxidation 
potential of a mediator constant. Two uses of 
the instrument are presented. The first em- 
ploys the instrument as a servo-system in the 
study of oxidative phosphorjdation. In the 


second, the instrument is used as a potentiostat 
to study the kinetics of the electrode oxidation 
of a mediator. 

INSTRUMENTAL 

Our approach to the problem of developing an 
electrolytic servo-system is best made clear through 
reference to the block diagram in Fig. 1, where the 
several components of the instrument are repre- 
sented schematieallj'. Compartment A is a re- 
action vessel which for the purposes of clarification 
may be viewed as containing an enzyme system 
under anaerobic conditions, accepting electrons 
from its substrate and donating electrons to an added 
elcctromotively active mediator. Compartment B 
contains a half-cell which together with the bridge 
completes the circuit. The larger platinum elec- 
trode (c) in compartment A is the working electrode 
which serves to oxidize the mediator when the po- 
tential of the mediator, as a result of enzymic 
action, falls below a predetermined value. The 
actual potential of the mediator is measured by use 
of the Electrometer (setting 3) as the potential be- 
tween the small platinum electrode (h) and the stand- 
ard reference cell (n) (both dipping into the reaction 
mixture in compartment A). 

The presetting of the potential at which the medi- 
ator is to be maintained by the working electrode, 
is made by the use of the Battery Input and the 
Electrometer (setting 1). The difference in poten- 
tial between that set by the Battery Input and that 
imposed by the mediator on the null electrode (to- 
gether with the reference electrode) at any instant 



Fig. 1. — Block diagram of the electrolytic servo-system. The labeled comoonents are described in the text. 
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constitutes the input to the amplifier circuit. When 
this difference is nil, there is no putput from the 
amplifier and the working electrodes are inoperative. 
With increasing difference, the output of the ampli- 
fier increases proportionately up to a maximum out- 
put, at which time the working electrodes are 
performing at their maximum. The polarity of the 
amplifier output is always such so as to effect a 
reduction in the difference in potential between the 
Battery Input and the sensing electrode sj’stem. 
The Recorder indicated in Fig. 1 served to record 
the current. The shunt (c) shown in Fig. 1 con- 
nects the working platinum electrode to both the 
input and the output of the amplifier and pennits 
tlie use of the instrument as a potentiostat (see 
later). Not included in Fig. 1 is the d.-c. power 
supply for the amplifier. 

In the case of enzyme systems capable of reducing 
oxygen, the mediator may serve as a donor of elec- 
trons to the enzyme with the platinum working 
electrode serving as a cathode. 

The Amplifier. — The function of the amplifier 
is to furnish direct current to the working electrodes 
in response to information from the sensing electrode 
system. It was decided that a balanced direct- 
coupled amplifier would be the simplest and least 
expensive instrument for this purpose. The circuit 
is shown in Fig. 2. 

To avoid polarization by reducing the current 
drain on the sensing electrode system, a high-im- 
pedance input was provided by using a cathode fol- 
lower stage whose input resistance is 200 megohms. 
Maximum input current under the conditions of 
operation anticipated in this research (0.5-volt 
maximum input) is 2.5 X 10”^ ampere 


Two stages of voltage amplification are provided. 
Excessive voltages, which would bring about un- 
desired electrolysis of water and other substances, 
are prevented from appearing on the working elec- 
trodes b 3 ' connecting a pair of twin diodes operating 
as clipper tubes across the output of the voltage 
amplifying stages. Two additional cathode follower 
stages produce the desired direct current at an out- 
put impedance of about 700 ohms. 

To provide reasonable grid bias voltages while 
maintaining the input and output connections at a 
potential near ground, the anodes are supplied from 
a bus at -1-150 volts and the cathodes from a bus 
at — 150 volts, both measured with respect to ground. 

Since the voltage amplification of the final stage 
changes with load resistance (7), the voltage and 
current furnished to the working electrode s^'stem 
will depend upon the resistance of the system being 
electrolj’zed. Figure 5 .shows the output voltage 
( Fo) as a function of load resistance (ifi) for three 
values of input voltage (Fin). In practice this 
variability with load does not cause anj' difficulty 
because: primaril}' the polarity and not the precise 
value of the output voltage is of importance, and 
the resistance of the electrode sj'stem does not 
change markedly during the progress of a run. 

The overall behavior of the amplifier is shown in 
Fig. 6, where the output voltage is plotted as a 
function of the input voltage for three values of 
load resistance. All three curves were made with 
the clipping adjustment at the same position, the 
voltage-limiting effect of which is evident in the 
figure. It is also evident that the output voltage 
thus limited is a function of the load resistance. 

It is of some interest that though the output po- 





Fig. 4. — Circuit diagram showing Batterj’ Input (bottom center), electrometer, and switcliing arrangement. 


tential is stronglj^ affected by the resistance of the 
working cell, the current through the load is affected 
hardly at all, as may be verified by a simple Ohm’s 
Law calculation from Fig. 6. It is a characteristic 
of the cathode follower circuit that it maintains a 
r.urrenl which depends primarily upon its input po- 
tential and which depends to only a minor extent 
upon the properties of the load. 

This same characteristic of the cathode follower 
is important in another way. The working elec- 
trode system comprises a cell capable of producing an 
electromotive force either in opposition to or in the 
same direction as the output of the amplifier, which 


would be expected to affect the output current 
(i. c,, the back E, M. F. due to the presence of the 
mediator). However, owing to the buffering effect 
of the cathode follower, this effect is minor. In the 
present circuit under typical conditions of 100-ohm 
load, one volt of back E. M. F. has about as much 
effect on the output current and voltage as docs 0 G 
millivolt applied to the input. At higher load re- 
sistance, back E. M. F. exerts proportionately less 
effect. The voltage and current dependence upon 
the back E. M. F. is shown in Fig. 7, which is calcu- 
lated from an equivalent-circuit analysis of the 
output stage, assuming a load of 100 ohms. In the 
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Pig 5 — The relation between amplifier output in 
volts ( V„) and load resistance in ohms (/?l) for three 
values of input in millivolts {V The points on 
the curves are experimental valueSj while the curves 
were calculated from an equivalent-circuit analysis 
using an amplification factor of 15 and a plate 
resistance of 16,000 ohms for the output tube (12 
AU 7), and an over-all gain of 1,620 up to the last 
stage. 



INPUT potential — MILLIVOLTS 

Fig. 6. — Gain characteristics of the amplifier 
showing the effect of clipping at three values of load 
resistance. The clipping adjustment was at the 
same setting in all cases. 


figure a positive value of back E. JI. F. b 3 ' con- 
vention is in opposition to the output E. M. F.. 

Power Supply. — The amplifier obtains its operat- 
ing ijower from a 300-volt power supplj’, the circuit 
of which is shown in Fig. 3. Stabilitj' is provided 
by the use of two 150-volt voltage regulator tubes, 
which combination also furnishes a center grounded 
point (sec discussion of the voltage requirements 
above). In older to reduce fluctuations in the out- 



Fig. 7. — Gain characteristics (calculated) of the 
amplifier with 100-ohm load and no clipping at 
various values of back E. M. F. (volts). A positive 
value of back E. M. F. is in opposition to the E. M. F. 
furnished bj' the amplifier. The middle curve at 
zero back E. M. F. corresponds to the lower curve of 
Fig. 6, but witliout clipping. 


put current of the amplifier, it was found necessary 
to insert a saturable core-transformer stabilizer on 
the 120-volt line. Further stabilitj' maj' be ob- 
tained bj' separate regulation of the heater voltage 
supplj'. 

The Battery Input. — The eleetromotive force 
which the sensing electrode is to maintain is preset 
on a common voltage divider powered by two drj' 
cells. The circuit is shown in the bottom center of 
Fig. 4. 

The Electrometer. — It is desirable to be able to 
measure the electromotive force of the sensing 
electrode and of the batterj' input during the prog- 
ress of a run. Such measurements, to minimize 
polarization of the sensing electrodes, must be made 
on an instrument of high input impedance. For this 
purpose, an electrometer was employed, using a 
special electrometer tube, Victoreen 5805, in the 
input stage. The circuit is shown in the upper 
right hand portion of Fig. 4. The input resistance 
of the circuit was measured to be 1,000 megohms. 
Full-scale reading on this instrument (0.5 volt) 
results in a current consumption of 5 X 10“’” am- 
pere from the sj’stem being measured. 

The switching arrangement shown in Fig. 4 
makes use of a 4-polc 3-position switch. Position 1 
connects the battery input voltage to the electrom- 
eter; position 2 is a short circuit across the electrom- 
eter for zeroing the meter by adjustment of po- 
tentiometer Rj; position 3 connects the sensing 
electrode sj-stcni to the electrometer. 

Potentiometer R, is used for calibration of the 
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meter In our work this potentiometer was set 
to make 0 5 volt on the input terminals produce a 
full seale deflection 

The terminals marked “Input” on Fig 4 arc 
connected to the sensing electrodes, those marked 
"output” connect to the amplifier 

Electrodes — For a reference electrode, we have 
had good performance from a Ag AgCl electrode 
made according to Lmgaiie (8) The potential of 
this electrode is +0 197 lolt vs N H E It should 
be pointed out that with the high input impedance 
of the electrometer, the calomel half cell used with 
most pH meters can be used satisfactorily 

The sensing platinum electrode consisted of a 
short length of platinum w ire attached to the side 
of the reference electrode with the tip of the wire 
brought close to the sintered glass filter of the refer 
ence electrode 

A large Ag-AgCl electrode w as used as the half-cell 
indicated in compartment B in Fig 1 This non 
polarizable cell was made bj winding several feet 
of 0 0179 inch diameter silver wire around 3 mm 
1 d glass tubing iiid bringing the free end up 
tlirough the bore 4n even coating of AgCl was 
deposited electroh ticallj 

The working electrode was made of 80 mesh 
platinum (90%) rhodium tl0%) gauze The 
center of a square piece was welded to a platinum 
wire pulled through a short length of 7 mm o d 
ea-pillarj tubing uid the end of the tube nearest the 
gauze sealed 7 lie gauze was then moulded into 
the shape of i b iw 1 and the edges trimmed to j icld 
an area of 5 (i era - The free end of the tubing was 
inserted mt > the chuck of an electric stirrer and the 
free end of i k w ire sealed to a slip ring With tins 
arrangement tlie platinum working electrode served 
as a mt mt of stirring the solution in compartment 
A 

The electrode compartments were made from 10 
ml P\re\ beakers joined near the base bv a 3 cm 
section of tubing having 7 mm i d The vessel 
serting as compartment A was provided with a 
second w all and outlets to serve as a w ater jacket for 
purposes of maintaining temperature 

Operation — The seieral components were con 
nected as indicated in Figs 1, 2, 3, and 4 The 
bridge between the compartments A and B was 
charged as follows the first several ram nearest 
compartment A consisted of a 3% Agar 25% satu 
rated KCl, followed b> cotton and then a saturated 
solution of KCl w Inch also constituted the solution 
in compartment B Care was taken that the level 
of fluid m B was in hvdrostatic balance with the 
solution m A The solution in A, the experimental 
mixture, contained the enzjme sjstem and the ncc- 
essarv auxiharv components including the mediator 
The working electrode was placed in A so it was 
completelj covered bj the fluid and so that its ro 
tation would exert the maximum stirring effects 
The reference electrode and the sensing platinum 
electrode as a unit were placed so that the reference 
electrode and platinum almost touched the stirring 
platinum electrode 

The amplifier and power supplj were turned on 
sev eral hours before the instrument was used to in 
sure maximum stabihtv The gain (Ru) and level 
(ifs) potentiometers (see Fig 2) are set onlj when 
the instrument is first prepared for use The gam 
control was set at maximum and the level control 


such that the voltage on each plate of the first 
amplifier tube Tj was betw cen 55-GO volts 

Before each run the balance control {R^) must be 
adjusted so that the output (read on the meter) is 
zero for zero input The potentiometers and 
Rm controlling the grid potentials of the output 
cathode followers are adjusted so that the output 
IS close to zero relative to chassis ground 

The potentiometers (7?n and Rn) controlling the 
clipper diodes are then adjusted symmetrically m 
limit the output voltage of the working electrodes 
to the desired value In the studies on oxidative 
phosphor} lation below, the limitation was such that 
1 ma was dtlivercd to 1000 ohms In the testing of 
mediators, also below, the limitation was usualh 
such that 2 ma were delivered across 1000 ohms 

EXPERIMENTAL APPLICATIONS AND 
RESULTS 

Oxidative Phosphorylation. — The applicability 
of the clectrol} tic serv o s} stem to the study of 
enzxmc catalyzed reactions was tested in a study of 
the phosphate uptake associated with the oxidation 
of substrate m rat liver mitochondria The P/0 
value (9) associated with the oxidation of a keto 
glutaric acid to succinic acid, in the presence of 
inalonate, was determined under anaerobic condi 
tions using the electrolytic sjstem with the working 
platinum electrode serving as an anode and with 
ferro /fcmcyanidc couple serving as the mediator 
Similar trials to serve as controls were carried out m 
the customarv fashion (10) in Warburg vessels, 
using oxvgen as the ultimate electron acceptor 

The rat liver mitochondrial preparation waspre 
pared b} the procedure of Dounce, et a! (11), with 
the principal exception that the fluid for the initial 
homogenization w as 0 32 sucrose and the fluid 
for washing was 0 25 M, instead of the acidified 
0 44 M sucrose 

The reaction mixture amounted to C 0 ml m the 
case of the elcctrolj tic trials and to 3 0 ml in the case 
of the Warburg trials Each ml of the final re 
action mixture contained, m addition to the niito 
cliondrial preparation, the following substances in 
micromoles KH-P 04 (pH 7 4) 7 5 to 15, KF 9 3, 
KCl 70, Pabst crvstalhne ATPNa- 1 0, MgSOi 8 7, 
Na malonate 8 0, a ketoglutarate (pH 7 4) 6 6, and 
glucose 17 0 Each ml also contained the equiva 
lent of 0 03 ml of hexokmase prepared according to 
Berger, cl al (12), (3 a stage) 

The mixture for the elcctrol} tic trials contained 
in addition to the above mentioned components, 
0 8 or 1 0 micromole of iron cj anide per rai added as 
an approximate!} equal mixture of K 3 Fe(CN)c and 
K 4 Fe(CN)t In some of the tnals, for reasons given 
below, 2,4 dinitrophenol (DNP) was added in 
concentrations of either 3 3 X 10“® M or 5 5 X 10"* 
717 or Vs MS of Antira} cm A w as added for each 
ml of reaction mixture The amount of mito 
chondria added to the reaction mixture was esti- 
mated bv determining the mitochondrial protein m 
the original suspension by the procedure of Gormll, 
ct al (13), using crystalline bovine serum albumin 
as the standard Since these determinations were 
carried out primarily to permit comparison of the 
electroly tic runs w ith the Warburg runs, only com 
parative data were required and the modification 
of the procedure recommended by Slater (14) was 



July 1958 


Scientific Edition 


503 


not employed. The electrolytic vessels, described 
previously, after preparation of the bridge, were 
charged with all components of the reaction mixture, 
except the mitochondrial preparation, and the 
several electrodes inserted and connected. For a 
period of ten minutes, during which time 17° water 
was cireulated through the water jacket, oxygen- 
free nitrogen was bubbled vigorousl 3 ' through the 
reaction mixture, which was stirred with the work- 
ing platinum electrode. At the beginning of this 
period, the Battery Input was set at 250 mv. positive 
to the reference Ag-AgCl cell (447 mv. positive to 
N H.E ) and the servo-system allowed to adjust the 
ratio of ferro-/ferricyEnide mixture to equal the 
setting potential. That such a potential was 
reached could be verified both by the absence of 
current flow and by the measurement of the poten- 
tial betiveen the inert platinum and the reference 
cell. 

The cold mitochondrial preparation, immediately 
prior to adding an aliquot to the reaction vessel, 
was placed in a chilled Thunberg tube which was 
then evacuated and flushed with oxygen-tree nitro- 
gen several times to remove oxygen. At the time 
of adding an aliquot of the mitochondrial preparation 
to the vessels to initiate a trial, the tube delivering 
nitrogen to the fluid was raised so as to sweep the 
surface of the liquid free of oxygen. A vigorous 
stream of nitrogen was maintained throughout a 
trial. Excessive frothing was observed if the nitro- 
gen was permitted to bubble through the mito- 


chondrial .containing reaction mixture. The com- 
pleteness of the anaerobic conditions established 
was verified through the polarographic estimation of 
oxygen in several carefully collected samples of the 
complete reaction mixture. A temperature of 17° 
was maintained throughout a trial. After the proper 
time interval, the trial was terminated by' the addi- 
tion of 0.6 ml. of 50% trichloroacetic acid. 

The contents of the vessel were then transferred 
to a chilled centrifuge tube and the vessel washed 
with aliquots of 5% trichloroacetic acid to prepare a 
trichloroacetie acid extract for the determination of 
the inorganic phosphate by the procedure of Fiske 
and Subbarow (15j. It was established that the 
low concentration of iron cyanide present in these 
extracts did not interfere with the estimation of 
phosphate. The agar plug was removed and the 
inorganic phosphate determined. The amount of 
phosphate lost from the main vessel by diffusion 
against the current-promoted diflTusion of anions 
was small and amounted to 10-16 /jg during a total 
elapsed time of twenty to riventy'-five minutes. 
Phosphate controls, other than the determination 
of the inorganic phosphate in the reaction mixture 
at the start of a trial, were necessitated by a phe- 
nomenon observed in the graphs in Fig. 8. 

Immediately upon addition of the mitochondria, 
scanning from right to left in any given trial, the 
current output rapidly rose to a maximum and fell 
to a steady-state level. In general, the excursion 
through the maximum occupied one to two minutes. 
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Fig. 8. Broivii recorder tracings of the current output. Each unit on the abscissa time scale 
two nimutt^. The time scale for each trial runs from right to left. Tlie upper tracing represents 
Inals and the control (far right) in one experimental scries. Both experimental series are described in 
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This effect could be reproduced by the addition of 
heat inactivated mitochondria or scrum albumin 
It has been assumed, though not proven, that the 
extra current Mas due to the preferential fixing of 
the ferncyanide by the protein causing a disturb- 
ance m the value of fcrro /fcmcyamde mIiicIi 
served as a large input into the amplifier circuit 
The corresponding amplifier output m as greater than 
that which obtained during the steady state level 
To obviate the problem caused by the extra current. 
Me regularly terminated either the first or the last 
trial m a series at the end of four minutes The 
value for the inorganic phosphate in this trial was 
used as the zero time control for the other trials in 
the series The measurement of the coulombs 
consumed m the experimental trials m as then taken 
from the end of the fourth minute after adding the 
mitochondria The coulombs consumed Mere csti 
mated either from the product of the current, as 
read on the ammeter m series Mitli the Broun 
Recorder, and the time elapsed from the end of the 
control period, or b\ use of a planimeter 

The ^Yarburg vessels Mere loaded m the cold 
(0-2°) Mith 0 3 ml of 50% trichloroacetic acid 
added to a side arm and m itli 0 2 ml of 20% KOH 
added to the center ucll All runs uere conducted 
at 17° Mith tMo controls and at least tuo experi- 
mental flasks in each trial Inorganic phosphate 
Mas determined 1 1 trichloroacetic acid cxtr.icts pre- 
pared at the end of the eight ininutc temperature- 
equilibrium pen id, m the control, and at the end 
of an addition d fifteen minute period in the ex- 
perimental fl lel s 

The tune dependent characteristics of the cur- 
rent output f the s-'rvosjstem are presented for 
tuo repre-e it itive runs of three trials each in the 
graphs 1 1 I ig 8 The 'noise” level of the output 
X aried *r nn trial to trial, upon occasions being cither 
greater r less than is to be observed in the graphs 
It Mas ob-erved that other voltage diaimng equip 
menl in the laboratore , such as the refrigerator unit 
used to maintain a temperature of 17°, had some 
effect on the output It uas also observed that the 
high frequence noise” uas dircctlj connected m itli 
the stirring operation, both frcqiiencj and amplitude 
being related to the rate of stirring \Vc arc not 
clear as to the cause of the lou frcquciicj excursion 
It IS not probable that it m as due to a lou frequcncx 
oscillation in the amplifier uhich uas tested uitli an 
oscilloscope It IS possible that closer attciilioii 
given to electrode design and matcrnls Mill reduce 
the variation m output 

In all of the trials presented m Fig 8, the potentnl 
on the inert platinum electrodes Mas maintained 


constant at a value Mitliiii a few millivolts of the 
setting value The constancy of the value estab 
lislied that the mitochondrial sjstem was being 
oxidized as a potential of 450 mv positive to the 
K H E and that the m orkmg platinum electrode 
M.is oxidi/mg the reduced mediator just as rapidlj 
as the oxidized mediator was reduced bj the inito 
cliondria Under these conditions the current out 
put IS an accurate index (except for noise) of the 
rate of oxidation of the mitochondria In order 
to bring about the observed rates of oxidation, the 
total outinit across the working electrodes, while 
approximate! V constant for each trial, varied be 
tueeii 0 3 and 0 4 V' for the several trials 

A suiiimarj of the results relating the inicioequi 
valent of oxxgen (VV'arburg trials) or electrons 
felcctrolj tic sxstem) consumed per mg of mito 
chondrial protein to the microatoms of phosphate 
uptake IS presented m Table I The values for the 
amount of mitochondrial jirotem per vessel are also 
presented It can be observed in Table I that both 
l\ pes of runs proceeded at approximately the same 
velocitx The .iverage “P/O” values associated 
Mith the single step oxidation of a ketoglutaric acid 
amounted to 3 1, Mith oxjgen as electron acceptor, 
and to 1 9 M itli the ftrro-/ferricyanidc as the ac 
ceptor The average value of 1 9 for the electroh tic 
trials M as calculated from the results of all trials 
cirricd out, except those involving the use of 2,4- 
dmitrophenol and Antimjcm A (beloM) It should 
be pointed out that manj of the Inals, carried out 
during the earh period Mhen Me Merc gaming ex 
pcricncc Mith the operation of the servo sjstem, 
gave "P/O” x'alucs no higher than 1 0-1 4 Nine 
of the last thirteen trials gave "P/O” values of 2 0 
or higher m ith an average value for the nine of 2 5 
There is reason to behexe that the higher values are 
more reliable 

In a prcx’ious studj (4), evidence Mas supplied 
that the pliospliate uptake in the electroljtic vessels 
Mas cnzjme cataljzed and not due to an electrode 
reaction To obtain additional evidence on this 
point, use Mas made of the fact that 2,4 dinitro 
phenol uncouples the enzj mic phosphorj lation as 
sociatcd Mith mitochondrnl oxidation (10, 1) 
The loMcr tracing m Pig 8 is from a three tiial 
run m mIiicIi the reaction mixture of the middle 
trial contained 33 X 10“‘ Jl/ DNP, m addition to 
the usual components The "P/O” value associated 
M ith this trial amounted to 1 2 m hile the values for 
the "P/O” of the trials on either side, m ithoiit DNP, 
amounted to 3 1 In three other trials, involving 
the use of 5 5 X 10“^ M DNP, there Mas obserxed 
an increase m inorganic phosphate amounting to 


Table I — Summarx oi Results Using Warburg Technique and Electrolxtic Servo Sxstem 


Type of 

No of 
Experi 

No of 

mg Mitochondrial 
Protein 

^eq /mg /15 Min 

n atom P 

Experiment 

ments 

Trials 

\'^essel 

2 

•/z X ixeq 

VV'arburg 

10 

24 

IG 4(12-21)“ 

0 130(0 098-0 195) 

3 1(2 4-3 7) 

Electrolj tic 

15 

26 

23 3(16-30) 

0 125(0 078-0 165) 

1 9(1 0-3 1) 


“ The numbers in the last three columns represent the -iveraKe values and the range of values The results do not include 
the data from those trials invoK mg the use of either DNP or Antim> cm A 


July 1958 


, Scientific Edition 


505 


about 2 micromoles per vessel. Since under our 
experimental conditions the Warburg control trials 
also showed an increase in inorganic phosphate in 
the presence of the same concentration of DNP, we 
did not seek an explanation for the liberation of 
inorganic phosphate. Clearly, the phosphate up- 
take observed in the electrolytic trials without DNP 
is the result of mitochondrial oxidative phosphorjda- 
tion. 

The high value for the "P/O” in the electrolytic 
trials suggested the use of Antimycin A to test the 
inference that ferricyanide was constrained to ac- 
cept electrons from a site or sites in the electron 
transport chain proximal to the site of action of 
Antimycin A. The addition of Vs t<g- Antimycin 
A per ml. of reaction mixture in three trials in the 
iron cyanide-mediated oxidations caused a consis- 
tent and marked depression of coulombic consump- 
tion amounting to 82, 78, and 86% of the control 
value. The upper tracing in Fig. 8 is from an ex- 
perimental series in which Ilje middle trial was in- 
hibited by Antimycin A. TJie coulombic consump- 
tion in this trial was but 24% of the value for the 
control (left). The trial to the right in the same 
tracing involved the use of 3.3 X 10~* M DNP. 
There was phosphate liberation in both drug-treated 
trials. The control gave a "P/O” value of 1.4. 

Potentiostat. — While the instrument described 
has been designed to function as a servo-system to 
maintain a mediator at a fixed potential, with a 
change in connection of but a single lead, the in- 
strument serves admirably as a low current potentio- 
stat to maintain the working electrode at a fixed po- 
tential. The change consists in connecting one 
lead of the amplifier input to the working electrode 
rather than to the null electrode (see e Fig. 1). 
Under these conditions, the setting of the Battery 
Input determines the constant voltage. 

The use of the instrument as a low current po- 
lentiostal is particularly valuable in problems in- 
volving the use of mediators and in the study of 
mediators per sc. A mediator is valuable only so 
long as the rate of reaction with the electrode is as 
fast as or faster than jls rate of reaction with the 
enzyme whose reaction it mediates. The value for 
the effective kinetic constant of the reaction be- 
tween mediator and the working electrode can easily 
be determined b)' the use of the instrument as a 
potentiostat. 

In Fig. 9 and Table II are presented the results of 
the use of the potentiostat to follow the rate of 
oxidation of ferrocyanide by the working electrode 
with the potential maintained constant. 

In this trial, C.O ml. of 0.001 Jtf potassium ferro- 
cyanide in 0.15 jl/ potassium chlpride was placed in 
compartment A. The bridge was loaded as de- 
scribed previously. Compartment B with the large 
Ag-AgCl electrode contained a saturated solution 
of potassium chloride. The Battery Ijiput was set 
at 395 mv. positiv'e to the Ag-AgCl reference elec- 
trode. During the course of the trial, a vacuum 
tube voltmeter and the electrometer were used to 
measure, respcctivelj-, the potential between the 
cathodic Ag-AgCl (d Fig. 1) and the reference Ag- 
AgCl (o Fig. 1 ) electrodes and between the platinum 
working electrode and the silver reference electrodes. 

The numbers on the abscissa of Fig. 9 and listed 
in Table II under measurement number, indicate 
the times at which the potential measurements were 
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Fig. 9. — The time-dependent current output in 
the oxidation of ferrocyanide at constant potential. 
The experimental conditions are described in the 
text. 


Table II. — The Anodic Oxidation of 
Ferrocvanide at Constant Potential 


Measure- 

ment 

Voltage relative 
reference cell. 
Millivolts 

Current, 

Resistance, 

Number 

Anode 

Cathode^ 

Willi- 

Ohms 

1 

380 

-220 

amperes 

1.92 

no 

2 

395 

-150 

1.42 

no 

3 

395 

-110 

0.94 

120 

4 

395 

- SO 

0.73 

no 

5 

395 

- 70 

0.59 

120 

6 

395 

- 50 

0.43 

120 

7 

395 

- 40 

0.33 

120 

8 

395 

- 30 

0.27 

no 


“ In calculating the resistances, the values for the boundary 
potentials have been neglected. 

This voltage represents the IR drop across the bridge be- 
tneeo the two electrode compartments. 


taken. The space between the heavy lines on the 
abscissa scale in Fig. 9 represents two minutes. 

In Fig. 9, the arrow indicates the start of the trial. 
Immediately there was a rapid increase in output 
with the current exceeding the range of the record- 
ing instrument. The value reported in Table II 
(measurement 1) was taken from an ammeter in 
series witli the recorder. The absence of noise in 
the tracing of the current output in potentiostat 
trials was a consistent and tmderstandable finding. 

As can be observed in Table II, the potential on 
the working electrode, after a brief initial period, 
was maintained constant at a value of 395 mv. 
It is evident, in comparing Table II and Fig. 9 , 
that associated with the fall in current there is a 
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concomitant change in potential on the cathodic 
silver electrode, iihich is accounted for by the de- 
cline in IR Calculations indicate the resistance \\ as 
constant at about 100 ohms The pattern of the 
potential changes observed m this studj has been 
described bj Lmganc (17) and need not be consid- 
ered here 

When the log of the current was plotted against 
time, a straight line was observed, indicating that 
uith constant voltage on the platinum electrode, 
ferroejanide is oxidized according to first order 
kinetics It IS important to kiiouii uhether or not 
the electrode reaction is a single reaction, especially 
when complex media are involved The linear rcla 
tion iihen observed establishes the fact that the 
current cfliciencj for the reaction is 100% This 
point Mas confirmed bj the spcctrographic analysis 
(420 m;i) for ferncyanide 

The specific rate constant for the oxidation (or 
the reduction) of a mediator calculated from the 
semilogarithmic plots permits calculation of the 
rate of the electrode reaction at xarious concentra- 
tions of mediator Such calculations permit the 
use of the minimum concentration of mediator 
Replication of the trial at several voltage settings 
furnishes data relative to the influence of voltage on 
velocity A single trial takes but a feu minutes to 
complete It makes little difference for practical 
purposes whether or not the velocities measured arc 
diffusion limited 


DISCUSSION 

The experiments on oxidative phosphorjlation, 
especiall> those mvohmg the clectroljtic sjstem, 
w ere not carried out w itli the goal of establishing the 
conditions best suited for maximum “P/O” values 
It was behexed that by using conditions found to be 
suitable for good xalues m Warburg runs, evidence 
would be obtained to establish the usefulness of the 
electrolytic s>stem in the study of problems m en 
zyme kinetics 

The electrol5tic sjstem, used as a serxo sjstem, 
makes possible tlic transfer of electrons bctxxccn 
an enzjTne sj stem and a mediator at fixed potentials 
The mediator may ser\ e either as the donor or the 
acceptor of electrons and need be' present oiilv in 
catalj tic amounts The experimental opportunities 
offered bj these conditions, w e behex e, are brought 
out in the results of the studies on oxidative plios 
phorj lation 

The range of "P/O” values associated with the 
single step oxidation of a ketoglutanc acid, in the 
Warburg trials, xxas xxider and the average value 
significantly lower than has subsequentlj been 
obtained with essentiallj the same procedure in this 
laboratory (18), when no attempt xxas made to co 
ordinate such runs with the electroljtic runs 
Hoxvever, the higher values of the present data are 
wholly compatible with a “P/O" value of 4 for the 
oxidation of a ketoglutarate as observed b> Copeii 
haxer and Lard} (10,19) Likewise the nine best 
values for the electrol} tic runs (w ith an average 
"P/O” xalue of 2 5) are compatible with a "P/O” 
value of 3 0 Further the ax erage values for all the 
data from each type of run, xx hen corrected for phos 
phate leaks either on a proportionate or on an ab 


solute basis, are consonant xvith the view that the 
results of the electrolytic runs differ by only one 
P/O unit from the results of the Warburg runs In 
the careful studies by Copenhaver and Lardy (10) 
XX herein greater than stoichiometric amounts of 
fcrricjanide xxcre used as the ultimate electron 
acceptor, the "P/O” value for the single step oxida 
tioii of a ketoglutanc acid xvas 1 5 xvith a range of 
values between 1 2-1 9, indicating a difference in 
txxo P/O units bctxvccn the values xvith ferric} anide 
and oxygen 

III the dcctrol}tic runs, three microequivalents of 
fcrric}anidL, at a fixed potential, mediated six micro 
cquix'alcnts of oxidation, xvhile in the studies 
of Copenhaver and Lard}, 50 microequivalents of 
ferric} anide, at no fixed potential, xvere associated 
with only IG microequivalents of oxidation With 
lower concentrations of mediator, at fixed potential. 
It IS reasonable to expect a more selective acceptance 
of cloctrons, since each donor site on the mitochon 
dria undoubtedly has a different energy of activation 
rclatixe to the reaction with feme} anide Support 
for this expectancy is found in the results using Anti 
in} cm A, a highly selective inhibitor blocking the 
transport of electrons m mitochondria at an inter 
mediate site in the transport chain (20) In the 
results of Copenhaxer and Lard} (10), Antimycin A 
did not block the reduction of ferncyanide b} mito 
chondria It xxas suggested that ferric} anide ac 
cepted electrons proximal to the block In our 
results, Antim}cm A xxas an effective blocking 
agent, indicating that to a large extent feme} anide 
xxas constrained to accept electrons at a site distal 
to the block Results similar to ours have been re 
ported recently by Pressman (21) under experi 
mental conditions xxhich permitted the use of loxx 
concentrations of feme} anide (but not at fixed po 
tential) He obserxed both a high "P/O” value 
and inhibition b} \ntim}cin A 

Copenhaxer and Lard} also obserxed, xxith high 
concentrations of fcrricx anide, at high but changing 
potential, that the rate of oxidation xxas greater than 
xxith OX} gen as the acceptor In our studies, the 
rate of oxidation xx ith ferro /ferricx anide at an elec 
trodc potential of 0 450 xxas onl} slightl} loxxer than 
XX Ith OX} gen 

The clectrolx tic s} stem, used as a potentiostat, 
makes possible the testing of the suitability of niedi 
ators for use as donors or acceptors m enz} me stud 
les In using a mediator as a donor of electrons in a 
multienz} med sx stem reducing oxx gen, an evalua 
tion must be made of the rate of auto oxidation of 
the mediator The rate of auto oxidation of a 
mediator, under the conditions it is to be used in the 
enzyme runs, can be ascertained with ease through 
use of the servo s} stem m separate runs on the medi 
ator 

In the dexelopmental stages of these studies it 
xxas hoped that the serxo s}stem xvould be valuable 
in obtaining data relating the rate of an enzyme 
promoted reaction to the potential of the electron 
donor or acceptor, both in simple and in inultien 
z}me systems The estimation of "decomposition” 
potentials can be used to calculate energies of actixa 
tion for particular enz}me reactions However, 
the noise level of the output of the serxo s} stem 
must be reduced, possibly by electrode design and 
modification of the amplifier, to achieve these pos 
sibihties 
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SUMMARY 
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1. The electrolytic servo-system described 
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used in stoichiometric amounts. Studies using 
Antimycin A support the evidence for the selec- 
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ferricyanide. 
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mediator-electrode interaction. 
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Dispersing Agents in Reaction Media* 

By BERNARD ECANOW and DALE W. DOERR 


/>-Aminoben2oic acid was dispersed in a 
polyethylene glycol 400 and water solution. 
The dispersed acid underwent a normal 
Sandmeyer reaction to gi4e p-cyanobenzoic 
acid in good yields. 

T\un to the electrophilic nature of the car- 
boxj'l group, /!-aminobenzoic acid will not 
form a hj'drochloride salt to anj' extent. It 
exhibits a relativel}' low solubility in an aqueous 
solution of hj'drocliloric acid. Partlj^ because 
of its low solubility, ^-aminobenzoic acid it hen 
used to prepare />-C3'anobenzoic acid, via the nor- 
mal Sandmeyer reaction gives poor and often 
erratic results (1-3). 

* Received December 23. 1957, from the College of Phar 
tnaev, Butler Universitv, Indianapolis, Ind 

The nutbon> are grcatlj indebted to Mr Tjiong Sicn Tio 
for excellent technical assistance 


In a procedure (4) using an “inverted” Sand- 
nicj'er reaction, the sodium salt of the add is 
made. In the resulting solution /)-aminobenzoic 
add lacks stabilit)’- because of the ease with which 
the amino group becomes oxidized in basic solu- 
tions. 

A dear and stable solution was obtained when 
/>-aminobenzoic add ivas dispersed in a mixture of 
polyethj-lene glycol 400 and water. It was found 
that a nonnal Sandmeyer reaction occurs satis- 
factorih- in this medium. 

Crude />-cvanobenzoic add is a colloidal mass 
that binds water quite finniv and is usually con- 
taminated with inorganic substances. Recix's- 
tallization from water is a verx- ineffident proc- 
ess (5). The pure /i-cyanobenzoic add was 
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obtained from the crude product by extracting 
with ether as described by Ecanow and Gisvold 
(6). 

A partial purification was accomplished by 
dissolving the crude product, obtained from the 
Sandmeyer reaction, in polyethylene glycol 400. 
Upon heating to 100° the water was boiled away 
from the colloidal acid dispersion. The inorganic 
contaminants, which are insoluble in polyethyl- 
ene glycol 400, then precipitated from solution. 
The pure acid remained in the polyethylene gly- 
col 400 and could not be recovered by practical 
laboratory methods. 

EXPERIMENTAL 

Preparation of /i-Carboxybenzene Diazonium 
Chloride. — Fourteen grams of Ji-aminobcnzoic acid 
was dissolved in a mixture of 70 ml. of polyethylene 
glycol 400 and 30 ml. of water contained in a 500-ml. 
beaker. 

Eight grams of sodium nitrite was dissolved, with 
stirring, in 10 ml. of water, fdtered, and then added 
to the above solution. The combined solution, 
labeled solution A , was cooled in an ice bath. Twenty 
milliliters of cold concentrated hydrochloric acid 
was poured into a 500-ml. beaker and 50 Gm. of 
ice was added, labeled as mixture B, and placed in 
an ice bath. 

Solution A was slowly added to mixture B with 
constant stirring. During the diazotization reac- 
tion, the temperature was maintained between 0® 
and 5°. After the addition of solution A was com- 
pleted, stirring was continued for ten minutes. 
One-half gram of urea was then added to eliminate 
the excess of nitrous acid. 

A solution of 4 Gm. of sodium hydroxide dis- 
solved in 10 ml. of water was then added slowly, 
and with efficient stirring, to neutralize the extra 
mole of hydrochloric acid. The reaction mixture, 
now only slightly acidic, was stirred for an additional 
ten minutes. The resulting mi.xture contained the 
p-carboxybenzene diazonium chloride as a mixture 
of suspended crj'Stals and soluble diazonium salt 
and was labeled as mixture C. 

Preparation of /i-Cyanobenzoic Acid. — In an 800- 
ml. beaker 13.5 Gm. sodium cyanide was dissolved 
in 60 ml. of distilled water. With exterior cooling 
from an ice-water bath, 11 Gm. of cuprous cyanide 
was added in portions with stirring. Tlien 13.G Gin. 
of sodium carbonate monohydrate was added; much 
of the latter did not dissolve. This was labeled 
mixture D, and cooled to 0° in an ice-salt-water 
bath. 


Mixture C was added to mixture D in small por- 
tions with vigorous stirring. Excessive foaming 
was controlled by the addition of a few drops of n- 
octanol. After the addition of mixture C was com- 
pleted, stirring was continued for an additional 
fifteen minutes. This mixture was then removed 
from the ice-salt-water bath and heated at 100° 
for two hours with occasional stirring. The cloudy 
solution was then filtered through a Buchner funnel 
and the filtrate was concentrated, until the early 
indication of pellicle formation, by means of an air 
jet directed onto the surface of the solution. The 
solution was refrigerated for two days, during which 
time a mass of crystals of sodium ^-cyanobenzoate 
formed. These crystals were collected on a Buchner 
funnel. The crystals were then dissolved in 100 ml. 
of water and filtered to remove any insoluble ma- 
terials. The filtrate was stirred, under a hood, 
wdiile a slight excess (approximately 15 ml.) of 
concentrated hydrochloric acid was slowly added. 
The crude p-cyanobenzoic acid that separated was 
collected on a Buchner funnel and washed with ice 
water. This crude product was a hydrated colloidal 
material \^■ith a slight green color. The crude p- 
cyanobcnzoic acid ivas recrystallized by the method 
as described by Ecanow and Gisvold (0). The pure 
crystalline f>-cyanobenzoic acid melted at 219° as 
reported in the literature (2-4, 0). Yields varjdng 
from 9.8 Gm. (65%) to 11.6 Gm. (77%) were 
obtained. 


SUMMARY 

1. Polyethylene glycol 400 gave a clear and 
stable dispersion of />-aminobenzoic acid in water. 

2. ^-Aininobenzoic acid undergoes a Sand- 
nicyer reaction satisfactorily in a polyethylene 
glycol 400 and water medium. 

3. This method could prove useful for run- 
ning Sandmej’er reactions on other compounds 
which cannot be readily solubilized by other 
means than through a dispersing agent. 

4. A partial purification was accomplished by 
dissolving the crude product, obtained from the 
Sandmeyer reaction, in polyethylene glycol 400. 
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The Interaction of Epidermal Protein with 
Aluminum Salts* 

By I. LYON and I. M. KLOTZ 


Aluminum ion is bound to human keratinous 
materials. Aluminum interaction with 
(guinea pig) epidermis is strongly dependent 
upon pH. The carboxylate groups of the 
protein are probably the primary sites of 
aluminum sorption. 

A LUMiNUM SALTS are widely used as topical 
antiperspirants. However, there is little 
information concerning the interaction of epi- 
dermal protein with these salts. The studies 
reported here were undertaken (a) to determine 
the order of binding of aluminum to various ker- 
atinous materials, (6) to define some of the experi- 
mental conditions affecting the binding process, 
and (c) to determine the sites of the protein adsor- 
bent at which binding occurs. 

EXPERIMENTAL 

Preparation of Adsorbents . — Human Callus . — 
The callus (obtained surgically) was washed with 
Triton X-100, a nonionic surface-active agent, and 
rinsed in distilled water. It was then extracted 
with petroleum ether and acetone, and powdered in 
a ball mill. The powdered callus was treated with a 
salt solution, 1.6 M NaCl or 0.6 M AIi;(S 04 ) 3 , by im- 
mersion for fifteen minutes. Samples of the treated 
powder were mounted on albumin-surfaced glass 
slides, washed several times with distilled water, and 
stained with 8-hydroxyquinoline reagent for alumi- 
num according to a modification of the metliod 
described by Click (1). 

Human Skin . — The washing and extraction pro- 
cedures were performed as described for the callus 
material. Skin scrapings were then processed, 
stained, and examined as indicated above. 

Human Hair . — A tress of human hair (previously 
shampooed in soap and water but otherwise un- 
treated) was washed witli Triton X-100, thor- 
oughly rinsed in distilled water, and divided into 
three parts. One part was immersed in 1.5 M NaCl 
solution, another in an aqueous solution of 0.6 M 
-VhfSOtlj. Immersion time was fifteen minutes. 
The fibers were then stained with Thioflavin TG, 
a fluorochrome, washed in distilled water, and air- 
dried. Hair samples were mounted in paraffin oil 
and observed under ultraviolet light. From the 
third part of the tress, cross sections of unstained 


♦Received January ir», 1958, from the Medical Depart- 
ment, Research Laboratories, Tlic Toni Company, Chicago, 
III., and the Department of Chemistry, Northwestern Uni- 
versity, livanston. III. 


NaCl-treated and Al 2 (S 04 ) 3 -treated fibers were pre- 
pared with the Hardy microtome (DeLaRue, Hyatts- 
ville, Md.), stained with the 8-hydroxyquinoline 
reagent, and examined by ultraviolet light micro- 
scopy. 

Guinea Pig Epidermis . — Guinea pig skin, obtained 
from animals sacrificed within one-half hour, was 
freed of most of its hair and all of the subcutaneous 
tissues. It was then placed, epidermis up, on a 
warming table kept at about 50° for five to fifteen 
minutes. This technique has been shown to facili- 
tate separation of the epidermis from the underlying 
dermis (2). The epidermis was carefully scraped 
from the dermis, washed several times in tap water, 
rinsed in distilled water several times, and stored in 
the refrigerator in distilled water. 

Initial results were not reproducible when epi- 
dermal protein (hereinafter referred to as epidermin) 
samples, prepared as described above, were incubated 
in an aluminum-containing medium. This lack of 
reproducibility may have been related to variations 
in the epidermin. The latter, in turn, may be re- 
lated to differences among animals due to age, sex, 
nutritional state, etc. To minimize these possible 
sources of nonuniformity in the epidermin samples, 
large amounts of pooled epidermis were lyophilized 
and minced. Epidermin samples prepared in this 
way yielded fairly reproducible sorption results, 
within 3%. 

Colorimetric Determination of Aluminum in 
Solution.' — The determination of aluminum used is 
based upon the formation of a colored complex 
between aluminum and the ammonium salt of 
aurintricarboxylic acid (3-5). Measurements were 
made in a Beckman spectrophotometer at 530 mg in 
a potassium acetate buffer, pH 3.7, after a three hour 
color development period. 

Amperometric Titration of Chloride. — The titra- 
tion of chloride in dilute solution was carried out 
using a AgNO, solution and a rotating platinum 
(indicator) electrode. The method is a modification 
of that described by Laitinen, cl al. (6). 

Measurement of pH. — Measurements were made 
with either the Beckman pH meter. Model G, or 
the Cambridge pH meter, Model R, with a stand- 
ard No. 1190-80 glass electrode. Since the alumi- 
num salt solutions were unbuffered, there was con- 
siderable galvanometer drift and it was difficult to 
obtain a stable pH reading. To diminish or elimi- 
nate the drift, pH determinations were made in the 
presence of approximately 0.015 M added KCl. 
Hj’drogen ion concentrations were determined from 
the pH meter readings, the ionic strength of the salt 
solutions, and the corresponding activity coefficients 
for hydrogen ion. 
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Incubation Procedure. — Preryicubation — Preincu- 
bation of the epidermin constituted a pH equilibra- 
tion prior to incubation with an aluminum solution 
at the same pH Seven ml of an HCl solution (pH 
3 0-4 0) were added to cacli of four vials containing 
100 mg of epidermin The vials were prcincubatcd 
for 15 minutes on an agitator Aliquots were taken 
from duplicate vials 1 and 2, as well as from the ini- 
tial HCl solution, for pH and chloride ion deter- 
minations 

Incubation — Two milliliters of AlCli solution 
(650 ng of aluminum ion per ml ) were added to 
each of duplicate vials 3 and 4 The final concen- 
tration of aluminum inn was 144 4 /ig per ml Vials 
3 and 4 were placed on the agitator and incubated 
for fifteen minutes Aliquots were removed for 
pH, aluminum ion, and chloride ion determinations 
An AlClj solution, designated "144,” was made by 
adding 4 ml of AlCb (050 iig per ml ) to 14 ml of 
the initial HCl solution, and aliquots were taken for 
determination of pH, aluminum ion, and chloride 
ion 

CALCULATIONS 

Aluminum Sorption Data. — The net change in 
concentration of aluminum ion may be computed 
from the concentration change occurring during the 
incubation period alone, i c , the difference betucen 
the aluminum ion concentration of the "144” solu- 
tion, and the average concentration of aluminum 
ions in vials 3 and 4 For ctamplc uhen the alumi- 
num ion concentration' of the "144” solution was 

0 30 X 10“’ M, the average concentration of alumi- 
num ions in vials 3 and 4 was 4 45 X 10“’ AI, and 
the volume of the incubation medium was 9 ml 
The moles of Al’+ bound by 100 mg epidermin may 
be computed as follows' [(0 30 X 10“’ 11/) — 
(4 45 X 10“’ .)/)] (9 X 10“’ L) = IGO X 10“’ 
This figure ma^ then be readily converted to 1 CG X 
10“’ moles of Al’''" bound per Gm epidermin The 
results of these computations arc assembled in 
Table 1 

Hydrogen Ion Sorption. — Prcincubalion — The 
sorption of hydrogen ion in this stage may be com- 
puted from the difference between the hydrogen ion 
concentration in the initial HCl solution and the 
average concentration of H + ions in vials 1 and 2 (I) 
For example, when (H+) was 4 7 X 10“’ M in the 
original HCl solution, the average concentration in 
vials 1 and 2 after equilibration was found to be 

1 27 X 10“’ M Since the volume of the preincu- 
bation medium was 7 ml , the moles of H bound 
per 100 mg epidermin maj' be computed as follows: 
[(4 7 X 10 “’ll/) - (1 27 X 10“’ il/)] (7 X 10“’ L) = 
3 28 X 10“’ Consequently 3 28 X 10“’ moles of 
H+ must be bound per Gm epidermin. 

Incubation — Hydrogen ion sorption in this stage 
may be computed from the difference between (H'*') 
in the "144” solution and the average concentration 
of H + in vials 3 and 4(11) The net change in (H +) 
due to sorption of aluminum may be calculated 
from (II) minus (I). 

For example, in the experiments in which (H'*') 
in the "144” solution was 2 9 X 10“’ il/, the aver- 
age concentration of H+ in vials 3 and 4 was 9 6 X 


* These calculations are based upon the maximal alumi 
num sorption v^hich occurred at pH 3 51, with AlClj 


Taule I. — Eftect of pH on the Sorption of 
Aluminum Sulfate and of Aluminum Chloride 
BY Epidermin 



Final pll 

Aluminum Sorbed 
(Moles X 10* per 
Gm Epidermin)*^ 


A 

Al-(SOr), 

1 

4G ± 0 04“ 

0 11 ±0 27 

3 

2G ± 0 18“ 

0 G1 ±0 21 

4 

21 ± 0 0G“ 

1 09 ± 0 07 


B 

Aid, 

2 

22 ± 0 05“ 

0 04 ± 0 04 

3 

51 ± 0 09“ 

1 GG =t 0 05 

3 

93 ± 0 22’ 

1 23 ± 0 04 

4 

01 ± 0 27’ 

1 IG ± 0 03 

4 

10 ± 0 17’ 

1 12 ± 0 04 

4 

17 ±0 07’ 

0 72 ±0 

4 

30 ± 0 07’ 

0 29 ±0 


“ I'ach pH measurement and the corresponding sorption 
result represent the mean ± the standard deviation of the 
mean of h replications 

fc Each pll measurement and the corresponding sorption 
result represent the mean ± the standard deviation of the 
mean of J replications 

^ The incubation medium contained 144 4 pg of aluminum 
ion per ril tacli vial contained 100 mg of guinea pig epi 
dcrmin in a total volume of 9 ml Adjustment of pH was 
made with eitlicr HCl or NaOH Incubation time, fifteen 
minutes, room temperature, approximately 25° 


10“’ M The incubation volume was 9 ml As 
suming that no H is produced or removed due to 
the hydrolj'sis of aluminum ion,’ we maj’ calculate 
the moles of H'*' bound by 100 mg. epidermin dur- 
ing incubation as follows: [(2 9 X 10“’ M) - 
(9G X 10“’ j)/)] (9 X lO-’L) = 175 X 10“’ 
Thus we obtain 1.75 X 10“’ for the moles of H’' 
bound per Gm. epidermin 

On the basis of the above simplifying assumption, 
the moles of H sorbed in preincubation minus the 
moles H sorbed during incubation equals the moles 
of H'*' released by aluminum sorption on the epi- 
dermin Thus, [(3 28 X 10“’) - (1.75 X 10-’)I = 

1 53 X 10 “’moles of H'*' released per Gm epidermin 

Chloride Sorption. — The net change in (Cl“) may 

be obtained in a manner analogous to that indicated 
for hydrogen ion 

Preincubation — The chloride ion concentration 
in an original HCl solution was 1.94 X 10“’ M, the 
average concentration of cliloride ions in vials 1 and 

2 was 1 79 X 10“’ i/, and the volume of the prein- 
cubation medium was 7 ml. Thus, 0 11 X 10“’ 
moles of Cl“ were bound per 100 mg. epidermin 
or 1 1 X 10“’ moles of Cl“ were bound per Gm 
epidermin 

Incubation — The chloride ion concentration of 
the "144” solution was 1 G80 X 10“’ il/, the aver- 
age concentration of chloride ions in vials 3 and 4 
was 1 G13 X 10“’ il/, and the volume of the incuba- 
tion medium was 9 ml. The Cl“ bound per 100 mg 
epidermin = 0 OGO X 10“’ moles, or G X 10 * 
moles of Cl“ were bound per Gm epidermin 

The net moles of Cl“ bound by the epidermin 
during incubation may now be computed [(G X 


* It IS probably an oversimplification to assume that 
H'*' IS produced or removed by the hydrolysis of _ 

ion However, the data are insufficient to calculate the co 
centration of AI(OH)2+ formed by the reaction of A1 
water 
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10 moles Gm.”') — (1.1 X 10~^ moles Gm.“*)] = 
4 9 X 10 moles of Cl~ bound per Gm epidermin. 

A summary of the above sorption computations 
will be found in Table II 


the keratinous adsorbent. Thus, aluminum is 
bound strongh' to callus keratin, which under polar- 
ized light, appears to be largely amorphous with 
some areas of low orientation. However, skin 


Table II — Relationships Among Sorptions of Hydrogen, Chloride, and Alothnhm 

Ions by Epidermin 


Ion° 


Hydrogen 

Chloride 


Initial 


Final 


Preincubation 

3 29 X 10-‘ 0 01 X 10-5 

13 6 X 10-5 12 5 X 10-5 


Difference 


3 28 X 10-5 
1 1 X 10-5 


Hydrogen 

Chloride 

Aluminum 


Incubation 

2 61 X 10-5 0 86 X 10-5 

151.0 X 10-5 145 0 X 10-5 

5 67 X 10-* 4 01 X 10-^ 


1 75 X 10-5 
6 0 X 10-5 
1.66 X 10-< 


Net Change in Ionic Binding to Epidermin (Incubation difference minus preincubation difference) 
Hydrogen 1 53 X 10-5 released 

Chloride 4 9 X 10-5 bound 

Aluminum 1 66 X 10"^ bound 


Ionic Binding Ratios 
Alurainum/Hydrogen SlH 

Aluminum/Chloride =3 

Chloride/Hydrogen —35 


° Data are expressed as moles per Gm epidermin 

6 It should be noted that these ratios are computed from the sorpitou of one on (aluminum or chloride) and the release of 
another ion (hydrogen) 


RESULTS AND DISCUSSION 
Aluminum Binding Data 

Aluminum Binding to Human Keratin. — Micro- 
scopic examination under ultraviolet light showed 
appreciable amounts of aluminum bound to the 
keratin particles of callus previously treated with 
Al 2 (SO <)3 and then stained with 8-hydroxyquinoline. 
In similar experiments with keratin scrapings from 
the dorsum of the hand, lesser amounts of aluminum 
were bound. Aluminum sorption was observed only 
after the hand had been washed with lipid solvents 
Since no aluminum was bound before washing with 
solvents, binding may have been hindered b 5 ' the 
presence in skin keratin of lipid materials. Of 
course, solvent treatment could have resulted in 
some denaturation of the keratin even though it is 
an insoluble protein. 

Intact hair fibers showed no difference in fluor- 
escence (visualized with Thioflavin TG) between 
aluminum salt-treated and untreated fibers. How- 
ever, in eross sections of hair fibers stained with 8- 
hydroxyquinoline very small amounts of aluminum 
wcie observed by ultraviolet microscopy. The 
aluminum was restricted to the cuticular substance 
of the fibers. 

It is thus evident that aluminum is bound to kera- 
tin: strongly to callus keratin, less strong!}’ to skin 
keratin, and least to hair keratin. The amount 
of aluminum which is bound may be related to the 
degree of orderliness or close-packed orientation of 


keratin, a less ordered material than callus, binds 
less aluminum than does the latter. Hair, which 
has a high order of organization and orientation in 
many areas and offers a high degree of steric hind- 
rance, binds little aluminum, certainly less than 
callus and skin keratins. Further, in hair, alumi- 
num binding is restricted to the birefringent cuticle. 

Aluminum Sorption by Epidermin . — Time Data . — 
These experiments (in triplicate) were carried out 
at pH 3 5 and approximately 25° to determine the 
incubation time required to obtain maximal alumi- 
num sorption by the guinea pig epidermal adsorb- 
ent. The incubation medium contained 130 gg. of 
A15+ (as AlCb) per ml. Aluminum sorption by epi- 
dermin reached a maximum in fifteen minutes or 
less and remained at that level (8.46 ± 0 61 X 10-5 
moles per Gm. epidermin) throughout an incubation 
period of 120 minutes. 

AJuminum Sulfate Sorption Data — The relation- 
ship betw’een pH of the incubation medium and 
aluminum sorption from Al:(SO ,)3 is shown in Table 
I. It may be seen that as the pH of the medium was 
increased from 1.46 to 4 21 the amount of aluminum 
bound also increased from 0.11 X 10-< to 1 09 X 
10-5 jnoles per Gm. epidermin. 

Aluminum Chloride Sorption Data . — The relation- 
ship between aluminum sorption from AlClj and pH 
is presented in Table I. The highest sorption, 
1.66 X 10-5 moles per Gm. epidermin, occurred at 
pH 3.5] w ith sorption falling off sharply both above 
(pH 4 30, 0.29 X 10-5 ^joles per Gm. epidermin) 
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and below that pH (pll 2 22, 0 04 X 10"'' moles per 
Gm epidermin) 

A comparison of the sorption data obtained with 
the two aluminum sails (Table I) shows that the pll 
at which maximum binding occurs is different for each 
salt With the sulfate 1 09 X 10"'' moles per Gm 
epidermin were sorbed at pH 4 21. This sorption 
level may or may not be maximal since the pH 
range was not extended above pH 4 21. With the 
chloride 1 06 X 10"' moles per Gm epidermin were 
sorbed at pH 3 51 However, at pH 4 17 the AlClj 
sorption level was at 0 72 X 10"'' moles and fell to 
0 29 X 10"' moles at pH 4 30 It is pertinent to 
note that the ionization range of the carboxyl groups 
in various representative proteins lies between pH 
3 and pH 5 (7) 

Interpretation 

The data clearly indicate the binding of aluminum 
by epidermal protein However, it is difllciilt to 
determine the predominant form of aluminum ion 
which is bound Although it is likely that Al"'' ion 
and its hj’drolysis products, Al(OH)^+ and Al- 
(OH).."' ions, interact with the epidermin, the pos- 
sibility of some selective process favoring the bind- 
ing of a specific cation cannot be ruled out Such a 
process may depend upon stcric factors and electro- 
static forces 

If the net charge on the epidermin were negative 
prior to the binding of aluminum ion, AF'*' would be 
preferentialh attracted to the carboxyl binding 
sites since it has the greatest positive charge. As 
a result of binding of Al"'*', however, the charge on 
the epidermin w'ould become less negative and 
could even be reversed into a net positive charge. 

Some selectivity in ion binding would also be 
exerted from the efiect of pH upon the epidermin 
At a pH below the iso-ionic point the net charge of 
the cpidennin would be more positive The lower- 
charge aluminum cations, Al(OH)®'' and Al(OH)«"', 
would be bound in preference to AF'*'. On the other 
hand, if the pH were increased, the negativity of the 
epidermin would inerease and a binding preference 
for AF'*' would be expected. Under the experi- 
mental conditions reported here, it is possible that 
all three of the ionic species of aluminum were sorbed 
by the epidermin 

From the data in Table I, it may be seen that the 
binding of aluminum from AICI3 passed through a 
maximum at pH 3 51 and fell off .sharplj on either 
side of that pH This bell-shaped curve clearly 
suggests the participation of carboxyl groups in the 
binding process At lower pH levels the more posi- 
tively charged epidermin exhibits a decreased 
avidity for aluminum ions Furthermore, the high 
concentration of hydrogen ions keeps the carboxyl 
groups in the — COOH form At higher pH levels, 
approaching pH 3 51, epidermin loses some of ils 
positive charge, and the carboxyl groups become 
converted to the —COO" state. As a result bind- 
ing of aluminum increases At still higher pH 
levels, above pH 3 51, despite the increasingly 
favorable state of the epidermin, sorption falls off 
due to the formation of complex hydrolytic products 
of aluminum 

A comparison of aluminum sulfate sorption data 
with those of aluminum chloride (Table I) indi- 
cates a considerable difference in the pH-dependence 


of binding. Ion-pair formation may be involved 
in this difference in behavior. Electrostatic attrac- 
tion between AF+ and SOi*" should be greater than 
between AF+ and Cl". At low pH’s, c. g., 3-4, the 
larger extent of pairing in the sulfate salt will keep 
the metal concentration and hence the binding to 
epidermin lower. However, at somewhat higher 
pH's, e. g., 4 2, greater ion-pair formation of the 
sulfate would decrease the extent of hydrolysis of 
the aluminum ion and hence allow more metal from 
sulfate than metal from chloride to be bound to 
epidermin, as is observed in Table I. Ultimately a 
pll would be reached where even Ali(SOi )3 would 
hydrolyze and binding to the epidermin should drop 
for it too; such a pH was not reached in these studies, 
but it is obviously above the pH of maximum bind- 
ing for AlCls 

The maximum amount of aluminum bound by 
the epidermin from aluminum chloride was 1 GO X 
10"' moles per Gm epidermin (Table H). This is 
equivalent to 16 0 moles of aluminum per 100,000 
Gm epidermin Assuming that there arc approxi- 
mately GO free carboxyl groups per 10® Gm. epi- 
dcniiin,® it appears that about three carboxyl 
groups may interact with each aluminum ion 
at the pH of maximal sorption 


SUMMARY 

Aluminum ion is bound to human keratinous 
materials in the following decreasing order: 
callus > skin > hair cuticle. Aluminum inter- 
action with (guinea pig) epidermis is strongly 
dependent upon pH. The ionic species of inter- 
acting aluminum may include AF'*', Al(OH)''''', 
and A1(0H)2''''. The carbo.xylate groups of the 
protein are probably the primary sites of alumi- 
num sorption. Approximately 11 aluminum ions 
are bound per hydrogen ion released, 3 aluminum 
ions are bound per chloride ion bound, and 3 
chloride ions are bound per hydrogen ion released. 
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Separation of Some Hydroxyanthraquinones by 
Filter Paper Electrophoresis* 

By ALFRED C. COREt and ERNST R. KIRCH 

A method has been developed for the separation of fourteen hydroxyanthraquinones 
by a hanging strip technique of filter paper electrophoresis. The separation has 
been applied to chloroform extracts of aloe, cascara, and senna. The method of 
hydrolysis used converts both anthrone- and anthraquinone-glycosides to hydroxy- 
anthraquinones. 


N umerous jiethods may be found in the lit- 
erature for the qualitative, as well as the 
quantitative determination of the hydroxyan- 
thraquinone derivatives present in the vegetable 
laxative drugs. Most of the qualitative meth- 
ods involve the use of chromatography, either on 
columns or filter paper strips (1-3), while the 
quantitative determinations proposed include 
gravimetric (4), spectrophotometric (1, 2, 4), and 
biological (5, 6) procedures. 

This investigation was undertaken in an effort 
to accomplish a separation of several hydroxy- 
anthraquinone derivatives by means of electro- 
phoresis on filter paper, a method not previously 
reported for these compounds. 

EXPERIMENTAL 

Preparation of Hydroxyanthraquinone Deriva- 
tives. — All of the compounds investigated in this 
study were either obtained commercially or pre- 
pared by methods previously reported in the liter- 
ature, and were purified by recrystallization, fol- 
lowed by sublimation at 0.3 mm. Hg. 

Alizarin, anthranifin, anthrafiavic acid, clirysazin, 
purpurin, and quinalizarin were obtained commer- 
cially. Quinizarin was synthesized by the method 
of Bigelow and Reynolds (7). Chrysophanic acid 
was prepared from chrysarobin by the procedure 
of Gardner (8). A portion of the intermediate 
chrysophanic acid triacetate was oxidized to rhein by' 
the method of Fischer and co-workers (9). Aloc- 
emodin was obtained by the method of Calm and 
Simonsen (10). .4nthragalIol was synthesized by 
the method of Segui (11). Anthrapurpurin was 
isolated from a sample of "Alizarin Red-B Paste,”' 
and cniodin from the bark of Rhainnus frangula by 
the methods of Hubacher and co-workers (G). 
iso-emodin was isolated from Cascara sanrada by 
the process of Green and co- workers (12). 


* Ueccivccl May 28, 1(157, from the Department of Chem- 
istry. CoiieKc of pharmacy, University of Iltinois, Chicago 12. 

t Abstr.acted in part from a thesis presented to the Gradu- 
ate College of the University of Illinois hy Alfred C, Core, in 
partial fnlfiUmcnt of the requirements for the degree of Master 
of Science. 

' Generously supplied hy National Aniline Division, Allied 
Chemical and Dye Corp., New York G. N, Y. 


Preparation of Crude Drug Extracts. — Since the 
physiological activity of the vegetable laxative 
drugs, according to Fairbairn (13) and to Stoll and 
Becker (H), cannot be correlated with free anthra- 
quinone content of the drugs, it seems advisable to 
disregard such constituents in any chemical estima- 
tion of laxative potency. 

For this reason, a method of extraction was em- 
ployed which would remove the free hj'droxyanthra- 
quinones before extraction of the glycosides. 

One gram of the drug, in fine powder, was ex- 
tracted in a Soxhlet apparatus with ISO ml. of chloro- 
form, until the solvent remained colorless. This 
extract, containing the free anthraquinone deriva- 
tives, along with other chloroform-soluble coloring 
materials, fats, and oils, was discarded. The 
chloroform adhering to the crude drug was removed 
by drying the apparatus and thimble in air at room 
temperature. A mixture of 100 ml. of 95% ethanol 
and 50 ml. of distilled water was then used to ex- 
tract the drug completely. This extract, contain- 
ing the glycosides, along with some cleavage prod- 
ucts due to partial hydrolysis occurring during this 
operation, was further treated with hydrochloric 
acid and hydrogen peroxide in the manner reported 
by Fischer and Buchegger (4). 

Ten milliliters of hydrochloric acid and 2 ml. of 
30% hydrogen peroxide were added to the extract 
and the mixture refluxed on a steam bath for fifteen 
minutes. The solvent was then evaporated to a 
volume of 3-5 ml., after which 150 ml. of chloroform 
was added and the mixture refluxed for thirty min- 
utes. .4ftcr separation of the chloroform layer, 
the aqueous portion was extracted with five 50-ml.' 
portions of chloroform. The combined chloroform 
ex-tracts were dried over anhydrous sodium sulfate 
and the final volume adjusted with chloroform to 
1,000 ml. 

Electrophoresis.— The "hanging-strip” method 
of filter paper clectrophorc-sis described by Williams 
and co-workers (15) was employed in this investira- 
lion.’ 

Whatman No. 3 mm. filter paper strips, 3 x 30 cm., 
were used. The compounds were dissolved in ap- 
proximately 0.1 iU aqueous potassium hydroxide, 
and applied as narrow stripes across the centers of 
the strips. Solutions of the hydroxyanthraquinones 


*Tfic apparatus tiscd was a Spinco ''Diiostat" potvrr 
supply and Spinet, Model U, Scries 1! Paper Elcclrophorrsis 
Cells (Durrum .Model). ‘ "orcsts 
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from the chloroform extracts of the crude drugs were 
prepared as follow s 

An aliquot of the chloroform solution was shaken 
with successive small portions of appro\tmatcIy 
0 1 M potassium hydroxide solution, until the aque- 
ous layer remained colorless 

Electrophoresis was carried out with buffers of 
various pH values In some cases, a constant po- 
tential was maintained between the electrodes, while 
m others, a constant current was maintained along 
the strips 

At the completion of the run, the distances to 
which the compounds had migrated were deter- 
mined by means of a Beckman Spiiico ‘‘Aiialytrol ” 
In cases where the buffer was alkaline, the coin 
pounds were present as the highly colored anions of 
the sodium or potassium salts, and no development 
of color was neecssarj In cases where the buffer 
was acid, however, it was nccessar)' to develop 
the colored anions by sprajmg the strips with 10% 
ammonium hydroxide solution before analysis 
Identification of the compounds ivas accomplished 
by running samples of the know n compounds 
on separate strips in the same cell with the mixtures 
from the crude drug extracts 

Of the various combinations of buffers and con- 
stant voltages or currents used, a barbital-sodium 
barbital buffer (0 01 M barbital and 0 05 M so- 
dium barbital), pH 8 0, ionic strength approxi- 
mately 0 05, used with a constant applied potential 
of 400 volts over a period of sixteen hours, gave the 
best results The migration of the various hydroxy- 
anthraquinones under these conditions is shown in 
Table I 

Table II shows the migration of cmodin, aloc- 
emodin and iso emodm with buffers of various pH 
values 

DISCUSSION 

As shown in Table I, no two of the compounds 
displaj ed exactlj the same migration While some 
of the values appear to be rather close together, it is 
possible bj the use of the ‘'Analytrol" to identify 
each compound in a mixture This is in contrast 
to the results obtained by Shibata and co w orkers (3) 
in paper chromatography of a similar senes They 
found that of 17 compounds studied, five failed to 
migrate at all, and many of the remainder had iden- 
tical J?/ values, mostlj either below 0 05 or above 
0 89 

Of particular interest is a comparison of the migra- 
tion distances of emodm, aloe emodm, chrj'sophanic 
acid, iso emodm, and rhein w itli those of the crude 
drug extracts It should be noted that no spot 
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corresponding to chrysophanic acid was observed 
with any of the drugs examined While this does 
not necessarily rule out the possibility of this com- 
pound being present, it may suggest that it is not 
present m sufficient amounts to contribute signi- 
ficantly to the physiological activity This is in 
agreement w itli the findings of Gibson and Schwart 
iiig (1) and Brody and co workers (2) The presence 
of only a single spot on the senna strips is accounted 
for by the fact that, upon oxidation, the sennosides 
form only rhein (14) and any other compounds pres 
ent arc m extremely small amounts compared with 
the sennosides 


Table I — Migration or Hvdroxyanthraqui 
NONES During Electrophoresis" 


Compound 

Substituents 

Xtelting 
Point, 1* 
“C 

Distance 

Ml 

grated 

mm 

Qumizarin 

1,4 dihydroxy- 

1 98-199 

0' 

Alizarin 

1, 2 dihydroxy- 

288-290 

2 

Purpurm 

1,2,4-trihy- 

253-255 

3 

Chrysazin 

droxy- 

1,8-dihydroxy- 

191-192 

4 

Aiithrarufin 

1,5 dihydroxy- 

279-280 

5 

Iso emodin 

2,5,8 trihy- 

184-186 

6 

Qumalizarm 

droxy 5- 
methyl- 
1,2,5,8-tetra- 

Above 

8 

Chrysophanic 

hydroxy- 
1,8 dihydroxy- 

300 

194-196 

9 

Acid 

Anthragallol 

3-methyl- 

1,2,3-tnhy- 

306-308 

11 

Rhein 

droxy- 

l,8-dihydro\y- 

309-311 

13 

Aloe emodin 

3-carbo\> he 
acid- 

1,8 dihydroxy- 

218-220 

14 

Anthrapur- 

3-h> droxy- 
inethyl- 
1,2,7-tnhy- 

348-350 

15 

purin 

Emodin 

droxy- 

l,G,8-trihy- 

257-259 

18 

AnthrnflaMc 

droxj -3- 
methyl- 
2,0 dihjdroxy- 

333-334 

52 

Acid 

Aloe Extract 

Cascara 
Sagrada 
Extract 
Senna Extract 


6, 14, 
17 

6, 17 
13 


“ B^^b]tal-sodl^m barbital buffer pH S G loaic streagth 
0 05 constant potential 400 \ sixteen hours duration 
6 All melting points uncorrected 

® Quintzarin failed to migrate in anj of the experiments 
conducted 


Table II — Migration or Emodin, Alob-bmodin and Iso emodin in Buefers op Various pH Values 


pH 

2 

4 0 

8 G« 

8 G& 

9 2*^ 

9 2'i 

Emodin 

6 mm 

1 mm 

18 mm 

17 mm 

17 mm 

7 mm 

Aloe emodin 

7 mm 

2 mm 

14 mm 

13 mm 

11 mm 

14 mm 

Iso emodm 

6 mm 

0 mm 

6 mm 

8 mm 

6 mm 

4 nun 


“ Barbital sodium barbital ionic strength 0 05, sixteen hours 
6 Barbital sodium barbital ionic strength 0 08, twenty hours 
® Sodium borate 0 01 M 
d Barbital sodium barbital ionic strength 0 1 
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While the separation of the compounds was al- 
ways reproducible, the migration could not be shown 
to bear a linear relationship to time with the appa- 
ratus used. This is in accordance with the findings 
of other investigators in the field using similar ap- 
paratus (IG, 17), and is explained by the lack of a 
uniform ratio of water to paper throughout the strip. 

A similar lack of linearity was encountered with 
the use of various potentials, and can be attributed 
to the same factor. 

Results were reproducible when a constant po- 
tential was maintained, but the migration was found 
to be erratic when a constant current was passed 
through the strips. This is in agreement with the 
findings of Raymond ( 18) . Since the migration of a 
charged particle in an electric field depends upon the 
field strength in volts per centimeter length of the 
paper strip between buffer surfaces, changes in the 
resistance along the strip will create a constantly 
varying potential in order to maintain a constant 
current. 

There does not seem to be a correlation between 
either the number of functional groups or their 
position on the molecule, and rate of migration. A 
possible explanation of this behavior may lie in the 
fact that all of the hydroxyl groups do not neces- 
sarily form salts at the pH of the buffer used. 

By the use of the extraction method reported here, 
the quantitative determinations are based only on 
glycosidal content. Other investigators have de- 
termined total anthraquinones content (1, 2, 19), 
and discarded the enthrones. In the case of cas- 
cara, Fairbairn has demonstrated (13) that free 
hydroxyanthraquinones contribute little if anything 
to the laxative potency of the drugs, while the en- 
throne glycosides do. Furthermore, Stoll and 
Becker (14) have found the chief active constituents 
of senna to be dianthrone-glycosides which are 
not readily converted to anthraquinone derivatives 
by acid hydrolysis alone. 

It seems advisable, therefore, that in any chemical 
estimation of the laxative potency of these drugs, 
the free hydroxyanthraquinone content be dis- 
regarded, and the anthrone-glycoside content, to- 
gether with hydroxyanthraquinone-glycoside con- 
tent, be used as the basis for assay. Since the an- 
thrones are readily oxidized to anthraquinones by 
hydrogen peroxide, extracts of the drugs may be 
prepared containing only hydroxyanthraquinones, 
but at the same time representing the total glycoside 
content. This is accomplished by adding the hydro- 


&i5 

gen peroxide to the reaction mixture during hydroly- 
sis of the glycosides. Removal of free anthra- 
quinones may be achieved by a preliminary ex- 
traction of the drug with chloroform. 

A method of quantitive estimation, based on the 
fluorescence of the hydroxyanthraquinones found 
in the vegetable laxatives, is under study. 

SUMMARY 

1. Separation of fourteen different hydroxy- 
anthraquinones has been accomplished by the 
hanging-strip technique of filter paper electro- 
phoresis. WTiile no linear relationship has been 
shown to exist between time and migration, the 
compounds have consistently migrated to the 
same relative positions on the paper. 

2. A method for preparing extracts of the 
vegetable laxative drugs containing these com- 
pounds for use in quantitative determinations is 
proposed. This method eliminates the free hy- 
droxyanthraquinone content, but converts the 
entire glycoside content to anthraquinones. 
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Excretion and Distribution Studies with o-, m-, and 
^-Chloroacetanilide-Cl^*^ in Rats and Guinea Pigs* 


By MARY F. ARGUS, JOSEPHINE M. GRYDER, TREVA L. SEEPE, 
GEORGE CALDES, and FRANCIS E. RAYf 


0 ; m- and //-Chloroacetanilide-CP' in methylcellulose suspensions were injected in- 
traperitoneally into rats and guinea pigs. The excretion pattern of each isomer was 
determined and distribution studies of the three compounds in both species at vari- 
ous times after administration were compared. 


A CETANILIDE lias proved of value to man as an 
antipyretie and analgesic drug. The me- 
tabolism of acetanilide involves dcacctylation and 
hydroxylation of the ring, with both p- and o-hy- 
droxyaniline being formed (1). In vitro experi- 
ments with rat liver extracts have shown that 
ring substituti m affects the extent of dcacctj’la- 
tion (2). vSucli substitution may also affect the 
position and extent of hydroxylation of acetani- 
lide. This in turn would possibly alter the tox- 
icit)f and ]jhysiological properties of the com- 
pound Accordingly o-, m-, and />-chloroacctani- 
lide-Cl'*' vere prepared (3, 4), and an excretion 
and distribution stud}’ with the /i-isomcr was 
first c irried out using propylene glycol as an in- 
jection medium (3). It was later pointed out 
that this solvent is toxic to the experimental ani- 
mals employed and changes the blood iiicturc in 
animals injected with /i-chloroacctanilide (.5). 
Rats and guinea pigs have been found to respond 
differently in their metabolism (G, 7) and detoxi- 
cation (8), and in their response to the carcino- 
genic action of such compounds (9). Species 
differences were also found in the excretion and 
distribution of /)-chloroacetanilide in the previous 
study with propylene glycol solvent (3). 

The present study was undertaken to deter- 
mine the effect of the position of chlorine-ring- 
substitution in acetanilide on excretion and dis- 
tribution patterns. Both rats and guinea pigs 
were studied and each CP'-compound was ad- 
ministered in methylcellulose suspension which is 
nontoxic at the levels used. 

EXPERIMENTAL 

The methods are the same as those previously 
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reported (3) except for the following details Fif- 
teen male stock guinea pigs (average weight CGG 
Gni.) and twelve male Spraguc-Dawlcy rats (average 
weight 338 Gin.) were employed. The chloroacet- 
anilidc-Cl“-isonicrs were suspended in 2% aqueous 
methylcellulose (Mcthoccl) in a concentration of 
25 mg. coinpound/ml. suspension. The specific 
activities of the injected compounds were: o- 
chloroacctanilidc-CP', 70,452 d/m/mg.; «i-chloro- 
acetanilidc-Cl“, 138,100 d/m/mg.; />-chloroacetan- 
ilidc-CP*, 85,837 d/m/mg. Excreta from one rat 
and one guinea pig injected with each compound 
was collected at one to twelve hour intervals over at 
Icjist one hundred and twenty hours or until no 
activity was detectable in the urine and feces 
Distribution studies were carried out at the time of 
maximum excretion. Some studies were also made 
at intervals less than and greater than the peak 
excretion times. 

Water washings from the abdominal cavity and 
organs were designated “abdominal fluid.” Resid- 
ual urine was added to the c.xcreted urine. In 
some cases the gall bladder fluid of the guinea pigs 
was separately examined. The feces and contents 
of the gastrointestinal tract were dried at room 
temperature for forty-eight hours. Following re- 
moval of the organs, the bones were removed from 
the carcass and soaked for forty-eight hours in 
10% HCI. The carcass (skin, muscles, and sub- 
cutaneous tissue) was minced well with scissors and 
soaked for twenty-four hours in 20% NaOH to 
facilitate disintegration. Prior to analysis the con- 
centration was reduced to that employed for the 
other organs. 

A 1-ml. portion of each sample was then placed on 
a stainless steel planchet and was dried at room 
temperature. The bones were minced with scissors, 
and enough 20% NaOH was added to the acid 
solution to bring the volume to tlie same proportion 
used for the organs and carcass. The mixture was 
homogenized and a 1-mI. portion plated as before. 
One-milliliter samples of urine, blood cells, blood 
plasma, abdominal fluid, and gall bladder fluid were 
plated directly on planchcts. 

Urine standards tvere used for the urine, blood 
plasma, abdominal fluid, and gall bladder fluid. 
Total doses recovered from the blood were calcu- 
lated from blood volumes based on the average of 
6.7 ml. of blood per 100 Gm. of body weight (10). 
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RESULTS AND DISCUSSION 

Fecal elimination is the secondary route of re- 
moval of the raonochloro, ring-substituted acetani- 
lides; the largest per cent of the administered dose is 
recovered from the lu-ine. For each compound the 
per cent eliminated in the feces is greater for the rat 
than for the guinea pig (Table I). Peak excretion 
of o-chloroacetanilide in the urine occurs at six 
hours in the rat and at three hours in the guinea pig. 
Elimination from both species is complete at eighty- 
four hours (Fig. 1). The wi-compound shows tlie 
same times of peak excretion, but traces of activity 
continue to be excreted five hundred hours after 
intraperitoneal administration (Fig. 2). The p- 
derivativc does not reach a peak excretion in the 
rat and guinea pig until twenty-four and thirty-six 
hours (Fig. 3) . Traces of activity are present in the 
urine at one hundred and twenty hours with this 
compound. Of the three, the a-chloro isomer is 
thus seen to be the most readily eliminated from the 
animal body. 

Metabolism of acetanilide occurs in the rodent 
principally by oxidation to /)-hydroxyaniline (1). 
It is not surprising, therefore, that ^i-chloroacetani- 
lide, in which the important p-position is blocked, 
reaches peak excretion later in the urine than the 
0 - and m-chloro isomers. ^-Substitution also in- 
fluences the toxicity of the compound. Recent 
LDso studies with ring-substituted, chloroacetani- 
Hde isomers in Sprague-Dawley rats gave the order 
of decreasing toxicity: p-, »i-, o- (11). 

The time required for peak excretion of the p- 
compound by the guinea pig is 12 times that re- 
quired for the o- and wj-compounds, while in the rat 
the p'isomer peak excretion time is only four times 
that needed for the o- and m-compounds. This may 
reflect differences in the hydroxylation mechanisms 
of the two species. Making use of this line of reas- 
oning Weisburger, el ol. (8) , were able to demonstrate 
such a difference. They showed the presence of 
o-hydro.xylated derivatives of 2-acetylaminofluorene 
in the urine of the rat but failed to find these deriv- 
atives in the urine of the guinea pig. These facts 
were used to explain the resistance of the guinea pig 


Tabue I. — Per Cent of Administered Dose Ap- 
pearing IN Urine and Feces of Rats and Guinea 
Pigs Following Intraperitoneal Injections of 
0-, m - and J)-Chloroacetanilide 


Hours 

After 

Adminis- 

tralion 

Isomer 

Species 

— % of Dose 

Urine Feces 

84 

Ortho 

Rat 

87.22 

O.CS 

84 

Ortho 

Guinea 

90.80 

0.36 

500 

Mela 

Pig 

Rat 

40 56» 

2.10 

500 

Meta 

Guinea 

97.16 

1.06 

120 

Para 

Pig 

Rat 

92.77 

5.56 

120 

Para 

Guinea 

87.83 

1.74 


Pig 


" In :> rat •;lhc total recovery varied from to .".Oti toST.OOl^t, 

The time of peat excretion remained the same. 



84 


Fig. 1. — Urinary excretion of 100 mg. or/ko-chlo- 
roacetanilide-CF®/Kg. by the rat and the guinea 
pig- 



TIME (HOURS) 

Fig. 2. — Urinary excretion of 100 rag. mela-chlo- 
roacetanilide-CP'/Kg.by tlie rat and the guinea 
pig. 



Fig. 3.— Urinary e.xcretion of 100 mg, paro-chlo- 
roacetaniIide-Cl“/Kg. by the rat and the guinea 
pig. 


and the susceptibility of the rat to the carcinogenic 
activity of tliis compound (9) . 

When p-cli!oroacetanilide was administered in 
propylene glycol, elimination was then more rapid 
in the guinea pig tlian in the rat. Peak excretion 
occurred for the guinea pig at twelve hours (75.7%) 
and for the rat at twenty-four hours (68.9%). 
The rat required eighty-four hours to eliminate 
completely the administered dose while the guinea 
pig required seventy-two hours (3) . By comparison 
with the data obtained when this compound is 
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injected in methylcellulose suspension (Fig 3), 
It is seen that tlie period required for total excretion 
is longer with the latter medium For both species 
the per cent of administered dose recovered at the 
time of peak excretion is substantially less than that 
eliminated when propjdene glycol is the solvent. 
The effect due to the injection medium is more pro- 
nounced for the guinea pig than for the rat. 

The distribution of the three chloroacetanilides in 
the animal body at various times after injection in 
methylcellulose suspension is summarized in Tables 
II, III, and IV The concentration of compound 
m the blood plasma exceeds that in blood cells in all 
cases except for the /)-compound in the rat. This 
species difference in the handling of the most toxic 
isomer is also evident in the relative concentrations 
of radioactivity in the liver and kidneys. The 
guinea pig shows a higher level of /r-compound in 
the kidneys than in the liver, while the rat loealizes 
more of the /)-isomcr in the liver than in the kidneys. 
This retention by the kidneys of the guinea pig is 
reflected in the later peak excretion time for this 
species On the other hand, the more rapidly 
excreted compounds (o- and lit-) are present in 
greater concentrations in the kidneys than in the 
liver of both species at all of the times studied. 
The mechanisms for these compounds appear to be 
different In the case of the />-compound the kid- 
neys seem to be the limiting factor in the guinea pig, 
while in the rat the rate of metabolism by the liver 
is probably the limiting factor. For the o- and m- 
compounds the kidneys appear to be the controlling 
factor 

Although the compounds were injected into the 
peritoncxd cavity, substantial amounts arc found in 


Tadle III — Distribution op Radioactivity from 
«i-Cmloroacetanilide-Cl“ in the Rat axd 
Guinea Pig 3 5 and G Hours after Intraperi- 
TONEAL Injection or 100 mg /Kg 

Conen /ix/Gm 

. Tissue" % ot Dose— 


Tissue 

Rat, 

C Hr 

Guinea 

Pig. 

3 5 Hr 

Rat, 

G Hr 

Guinea 

Pig 

3 5 Hr 

Blood cells 

35 00 

0 00 

1 00 

0 00 

Blood plasma 

74 00 

33 00 

2 91 

1 20 

Liver 

60 00 

13 00 

2 20 

0 45 

Spleen 

30 00 

28 00 

0 03 

0 02 

Kidneys 

130 00 

97 00 

0 94 

0 67 

Stomach 

GO 00 

11 00 

0 2G 

0 07 

Small intestine 

180 00 

IGO 00 

2 80 

2 00 

Cecum 

47 00 

58 00 

0 14 

0 48 

Colon 

53 00 

55 00 

0 15 

0 38 

Stomach con- 
tents 

IGO 00 

68 00 

0 55 

0 44 

Small intestine 
contents 

2G0 00 

1,500 00 

0 26 

2 50 

Cecum con- 
tents 

230 00 

330 00 

0 55 

4 50 

Colon contents 

30 00 

85 00 

0 05 

0 38 

Miscellaneous 

0 70 

23 00 

0 04 

0 93 

Abdominal 

fluid 

64 00 

177 50 

0 83 

1 70 

Bones 

48 00 

17 00 

10 GO 

3 40 

Carcass 

70 00 

22 00 

36 90 

9 90 


" Or #ig /nil blood cells or blood plasma 


the gastrointestinal tract. Largest recoveries are 
from the intestinal tract of both species at the short- 
est time intervals 


Table II. — Distribution of Radioactivity from o-Chloroacetanilide-Cl’® in the Rat and Guinea 
Pig 3, 6 , and 12 Hours After Intraperitoneal Injection of 100 mg /Kg 

. Conen iirr /Gm Tissue" . . % of Dose 


Tissue 

Rat 

3 Hr h 

G Hr t 

, ( 

3 Hr b 

^uinca Pig- 

G Hr b 

Blood cells 

2 13 

0 65 

0 80 

0 35 

Blood plasma 

4 65 

5 90 

7 80 

5 00 

Liver 

5 00 

1 50 

4 13 

7 50 

Spleen 

0 03 

0 63 

1 50 

0 63 

Kidneys 

13 50 

4 13 

18 38 

13 00 

Stomach 

1 00 

0 63 

4 38 

1 63 

Small intes- 
tine 

66 48 

10 63 

19 88 

5 25 

Cecum 

2 13 

4 63 

3 38 

6 13 

Colon 

2 48 

3 63 

2 00 

1 63 

Stomach 

contents 

9 75 

11 00 

132 50 

109 75 

Small intes- 
tine con- 
tents 

406 50 

283 75 

460 75 

767 50 

Cecum con- 
tents 

9 50 

95 00 

6 00 

61 00 

Colon con- 
tents 

4 25 

134 25 

6 75 

10 50 

Miscellaneous 

2 23 

1 50 

2 25 

5 13 

Abdominal 

fluid 

126 50 

1 00 

1 00 

2 35 

Bones 

0 88 

0 63 

0 63 

0 50 

Carcass 

1 00 

1 13 

0 75 

1 38 



— . 

, 

— Rat 

„ 

, 


-Gumea Pig 


Hr 

12 

Hr 

Hr 

• b 

G Hr b 

3 Hr b 

G Hr b 

12 : 

0 

60 

0 

07 

0 

03 

0 

11 

0 

02 

0 

02 

3 

40 

0 

16 

0 

22 

0 

27 

0 

17 

0 

11 

2 

75 

0 

21 

0 

07 

0 

21 

0 

30 

0 

11 

0 

75 

<0 

01 

<0 

01 

<0 

01 

<0 

01 

<0 

01 

8 

75 

0 

11 

0 

04 

0 

23 

0 

12 

0 

08 

1 

50 

<0 

01 

<0 

01 

0 

04 

0 

01 

0 

01 

1 

75 

1 

16 

0 

26 

0 

38 

0 

14 

0 

02 

3 

50 

0 

01 

0 

02 

0 

07 

0 

09 

0 

04 

0 

75 

0 

01 

0 

02 

0 

03 

0 

02 

<0 

01 

69 

00 

0 

03 

0 

04 

0 

24 

0 

22 

0 

06 

47 

00 

3 

40 

0 

79 

1 

37 

0 

47 

0 

04 

10 

00 

0 

03 

0 

27 

0 

04 

0 

48 

0 

02 

76 

50 

<0 

01 

0 

05 

0 

04 

0 

05 

0 

44 

2 

50 

0 

07 

0 

06 

0 

09 

0 

25 

0 

12 

0 

50 

2 

16 

0 

12 

0 

15 

0 

36 

0 

01 



0 

18 

0 

14 

0 

12 

0 

08 

0 

38 

0 

50 

0 

72 

0 

70 

0 

55 

0 

85 


0 Or /ig /ml. blood cells or blood plasma 


ft Average value from 2 animals 
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Table IV —Distribution of Radioactivity from />-Chloroacetanilide-Cl“ in the Rat and Guinea 
Pig 6, 18, 24. and 36 Hours after Intraperitoneal Injection or 100 mg./Kg. 




— Conen 

UR /Gm Tissue® 




^ 



■% of Dose — 




Rat 

Tissue 6 Hr ft 

24 Hr h 

" 6 Hr ft 

-Guinea Pig- 
18 Hr b 

36 Hr t 

0 : 

Rat— 

Hr h 24 

Hr 6 

0 

Hr fc 

-Guinea 
18 Hr 1 

Pig— 
1 36 

Hr (■ 

Blood cells 

90 

50 

245 

60 

3 

75 

7 

75 

0 

75 

3 

14 

8 

02 

0 

15 

0 

31 

0 

03 

Blood plasma 

27 

75 

30 

00 

43 

95 

34 

40 

5 

80 

0 

90 

0 

99 

1 

18 

3 

22 

0 

16 

Liver 

98 

15 

97 

50 

75 

00 

74 

50 

9 

00 

3 

80 

4 

20 

2 

86 

2 

49 

0 

33 

Spleen 

32 

SO 

57 

50 

58 

00 

52 

00 

5 

95 

0 

07 

0 

06 

0 

06 

0 

06 

0 

01 

Kidneys 

59 

90 

76 

90 

94 

50 

108 

00 

12 

50 

0 

47 

0 

48 

0 

81 

0. 

86 

0 

11 

Stomach 

87 

50 

63 

75 

42 

75 

51 

50 

8 

75 

0 

45 

0. 

,33 

0 

42 

0 

38 

0 

07 

Small intestine 

145 

00 

160 

65 

50 

00 

59 

00 

7 

45 

2 

52 

2 

13 

0 

22 

0 

96 

0 

12 

Cecum 

75 

65 

54 

65 

35 

25 

53 

00 

9 

50 

0 

24 

0 

10 

0 

60 

0 

53 

0 

11 

Colon 

87 

50 

44 

90 

35 

25 

46 

50 

4 

00 

0 

50 

0 

19 

0 

38 

0 

52 

0 

03 

Stomach contents 

55 

25 

60 

00 

100 

50 

598 

00 

88 

00 

0 

11 

0 

61 

0 

02 

0 

31 

0 

05 

Small intestine 





















contents 

692 

50 

1332 

60 

406 

00 

512 

00 

74 

50 

0 

98 

3 

09 

0 

46 

0 

31 

0 

06 

Cecum contents 

112 

50 

351 

00 

153 

00 

313 

50 

Cl 

00 

0 

30 

0 

45 

1 

60 

2 

27 

0 

60 

Colon contents 

92 

25 

333 

00 

59 

00 

89 

50 

57 

25 

0 

16 

0 

40 

0 

28 

0 

03 

0 

07 

Miscellaneous 

106 

25 

58 

15 

84 

00 

101 

00 

7 

50 

5 

92 

4 

35 

2 

90 

4 

10 

0 

28 

Abdominal fluid 

4 

65 

3 

25 

4 

30 

17 

50 

1 

26 

1 

62 

1 

77 

0 

02 

0 

03 

<0 

01 

Bones 

30 

25 

30 

00 

36 

00 

44 

75 

6 

50 

5 

95 

7 

41 

7 

92 

5 

29 

1 

89 

Carcass 

72 

80 

16 

50 

157 

15 

166 

35 

15 

05 

49 

34 

10 

02 

74 

44 

53 

39 

4 

14 

Gall bladder fluid 





64 

00 

43 

00 

17 

70 





0 

15 

0 

05 

0 

04 


o Or Jig /ml blood cells or blood plasma b Average value from 2 animals 


The per cent of /xhloroacctanilide recovered 
from the carcass, bones, and miscellaneous organs is 
in general greater than that found for the o- and 
«j-compounds It appears that the f)-isomer is 
stored to the largest extent before elimination, 
probably because chlorosubstitution in the p- 
position interferes with therateof hydroxylationand 
conversion to the more soluble glucuronides and 
ethereal sulfates 


4. With all three isomers substantial amounts 
of radioactivity were found in the gastrointesti- 
nal tract of both species. 

5. />-Chloroacetanilide was retained by the 
carcass, bones, and miscellaneous organs to a 
greater extent by both species than were the o- 
and wi-compounds 


SUMMARY 

1. The excretion and distribution patterns of 
0 -, m-, and p-chloroacetanilide-Cl’® were deter- 
mined in rats and guinea pigs following intrapeii- 
toneal injection. 

2. The o- and »i-isomers reached peak excre- 
tion more readily in the guinea pig, while p- 
chloroacetanilide reached a peak excretion in the 
guinea pig more slowly than in the rat. 

3. Species differences were observed in the 
distribution of the Ji-compound in the blood, 
liver, and kidnej's. 
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Spectrophotometric Determination of Steroid Esters* 

By ARLINGTON A. FORIST and SUSAN THEAL 


Modifications of the hydroxamic acid pro- 
cedure for esters have been developed and 
applied to the determination of a variety of 
steroid esters The methods presented are 
rapid, accurate, and precise (mean re- 
covery standard deviation 99.9 =*= 1.4%). 


T^^any steroids possess superior properties 
such as more efficient absorption or pro 
longed duration of action when administered in 
the form of vanous esters However, the usual 
assay procedures for such drugs do not include a 
determination of the ester content In view of 
the significance of such a measurement, the 
general proceduic of Goddu, LeBlanc, and Wright 
(1) has been modified and applied to the deter 
mination of a \ arieU of steroid esters as described 
herein 


EXPERIMENTAL 

Reagents — (a) H>dro\jlamiiie hj drocliloride, 
12 5%, in methanol Tins solution is about 1 8 M 

(b) Sodium hydroxide, 12 5%, reagent grade, in 
85% methanol A sample of 12 5 Gm of sodium 
hydroxide is dissolved in 15 cc of water and, on 
cooling, the resulting solution is diluted to 100 cc 
with methanol This solution is about 3 1 Jlf 

(c) Feme perchlorate, stoek solution An 800 
mg portion of iron powder is mixed with 3 cc of 
water m a 50 cc beaker Ten cubic centimeters of 
70% perchloric acid and 7 cc of water arc then 
slowly added dropwise If small particles of iron 
are not dissolved, the process may be hastened by’ 
gentle heating or the sample may’ be set aside over 
night to allow complete solution The resulting 
solution is quantitatively transferred to a 100 cc 
volumetric flask with anhydrous 2B ethanol and. 
with cooling under running tap water, gradually’ 
diluted to 100 cc with anhydrous 2B ethanol 

(d) Ferric perchlorate, reagent solution A 40 cc 
aliquot of the stock solution is transferred to a 1-L 
x’olumctric flask followed by 12 cc of 70% perchloric 
acid The resulting solution is gradually diluted 
to 1 L with anhydrous 2B ethanol with cooling 
under running tap water The ferric ion concen- 
tration of this solution is 0 0057 il/ and the perchloric 
acid concentration is 0 16 Af 

(e) Alkaline hydroxylamine reagent Equal 
volumes of the 12 5% hydroxy lamme hy drochloride 
and 12 5% sodium hy’droxide solutions arc mixed 


* Received October 3 1937 from the Research Labora 
tones, The Upjohn Company, Kalamazoo, Mich 


and the insoluble sodium chloride is removed by 
filtration through Whatman No 40 paper This 
reagent solution should be prepared immediately 
before use and is usable for four hours 

(/) Standard steroid ester solution An approxi 
matcly' 0 008 ill solution of a standard sample of the 
steroid ester to be determined is prepared by dis 
solving an accurately’ iveighed sample in anhydrous 
2B ethanol and accurately diluting the resulting 
solution to an appropriate volume with anhydrous 
2B ethanol 

Apparatus. — A Beckman Model B speetrophotom 
cter with 1-ein cells has been employed for ab 
sorbaiice measurements A 50° constant tempera 
turc water bath is required for Procedure B 

Procedure A. — An approximately’ 0 005 Af solu 
tion of the steroid ester to be determined is pre 
pared by transferring an accurately weighed sample 
(45-00 mg depending on the steroid ester involved) 
to a 25 cc volnmotnc flask, dissolving in anhydrous 
2B ethanol, and diluting the resulting solution to 
25 cc 

V 5 cc aliquot of the sample solution is trans 
ferred to a 50 cc xolumetnc flask followed by 3 cc 
of the alkaline hydroxylamine reagent The solu 
tion is mixed and reaction allow ed to proceed at room 
temperature for from ten to sixty minutes depending 
on the nature of the steroid ester being determined 
At the end of that time, the solution is diluted to 
about 40 cc with the ferric perchlorate reagent, 
thoroughly’ mixed, and stored in the absence of 
liglit for about ten minutes (Usually’ several 
samples are run simultaneously and each is brought 
to this stage before proceeding further ) The 
solution IS then diluted to 50 cc with the ferric per- 
chlorate reagent and thoroughly’ mixed The 
absorbance of the resulting solution is measured 
within one hour at 530 m/i in a 1 cm cell icrsus a 
reagent blank similarly prepared The sample 
should be stored in the dark betw een the final dilu 
tion and the absorbance determination 

Two standard samples are run in parallel with the 
unknown Five cubic centimeters of the standard 
ester solution are added to one 50 cc volumetric 
flask, 2 cc of the standard solution and 3 cc of an 
hydrous 2B ethanol are added to a second 50 cc 
volumetric flask Each sample is carried through 
the procedure described abov’e 

Tlie per cent of the desired steroid ester m the 
sample is calculated from the equation 


% Ester = 


.^530 X 100 
0530 X C 


vv here 

.^530 = observed absorbance at 530 mju for the 
sample 

0530 = absorbance per mg per cc for the stand 
ard at 530 m/i 

C = mg of sample per cc of solution 
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Procedure B, — A 5-cc. aliquot of the sample solu- 
tion, prepared as in Procedure A, is transferred to a 
50-cc. volumetric flask followed by 3 cc. of the alka- 
line hydroxylamine reagent. The solution is mixed 
and the tightly-stoppered flask is immersed in a 
50° constant temperature water bath for one hour. 
The flask is then removed and shaken under running 
tap water while the solution is diluted to about 40 
cc. with the ferric perchlorate reagent. The re- 
mainder of the procedure is the same as Procedure A, 
above. 


RESULTS AND DISCUSSION 

Various methods have been described for the de- 
termination of esters based on the production of 
hydroxamic acids (Eq. 1) followed by conversion of 
the hydroxamic acids to their highly colored ferric 
complexes (Eq. 2) (2-8) . 


RCOOR' -I- NH.OH - 
O 


OH- 


R— C— NHOH -f R'OH (Eq. 1) 


O 


H-* 


R— C— NHOH -b l/nFe+’ >■ 

R C NH -b H+ (Eq. 2) 

II J 

O O 

Fc/n 


Goddu, LeBlanc, and Wright (1) have recently 
made a thorough study of this reaction and have de- 
scribed an excellent general procedure for esters. 
However, reaction under reflux was required in order 
to measure the esters of aromatic and fatty acids. 
Since the present needs are more specific than gen- 
eral, less vigorous conditions have been sought 
which would yield a method more easily adaptable 
to the analysis of large numbers of samples. 

Formation of hydroxamic acids from a group of 
steroid esters at room temperature is shown in 
Table I. Reaction with hydrocortisone acetate 
(FAc) and prednisolone acetate (A‘-FAc) is com- 
plete within five minutes. In the case of hydro- 
cortisone cyclopentylpropionate (FCP) and predni- 
solone cyclopentylpropionate (A'-FCP), twenty to 
thirty minutes are required for complete reaction 
whereas 17a-acetoxyprogesterone (17-AcPr) gives a 
maximum yield of hydroxamic acid after forty 
minutes. In all cases, the hydroxamic acid is 
stable in the reaction mixture. Figure 1 shows a 
similar study with testosterone cyclopentylpropion- 
ate (TCP). With this ester, reaction at room tem- 
perature is incomplete even after one hundred min- 
utes, but at 50°, hydroxamic acid production is 
maximal within fifty minutes. In routine use. 
Procedure A is applied to steroid esters such as those 
shown in Table I where reaction is complete within 
one hour at room temperature. Other steroid esters, 
such as TCP, are determined by Procedure B. 
Conditions required for maximal production of 



Fig. 1. — Production of hydroxamic acid from testos- 
terone cyclopentylpropionate. 


hydroxamic acids from the various steroid esters 
studied appear to reflect stcric factors. 

The various ferric hydroxamates examined have 
shotvn absorption maxima at 530 m/i. Results in 
Table II show that ferric acetohydroxamate is 
stable under the conditions employed for at least 
one hour in the absence of light. Similar results 
have been obtained with ferric cyclopentylpropiono- 
hydroxamate. The ferric hydroxamates are photo- 
sensitive, however, and should not be exposed to 
direct light. 


Table I. — Production of Hydroxajiic .-Vcids 
FROM Steroid Esters at Room Tejiperature 


Time, 

min. 

FAc 

Absorptivity 

A>-FAc FCP 

at o30 mir- 
,i»-FCP 

17-AcPr 

5 

2.84 

2.89 




10 

2.84 

2.96 

2.22 

1.92 

2.09 

20 

2.83 

2.94 

2.30 

2.18 

2.28 

30 

2.82 

2.90 

2.32 

2.21 

2.33 

40 



2.32 

2.21 

2.40 

50 



2.34 

2.22 

2.39 

CO 

2.80 


2.34 

2.21 

2.37 


Table II. — Stability of Ferric 
Acetohydro.xamate in the Absence of Light 


Time After Addition 

Absorptivity 

of FcCClOi)*, min. 

at 530 m«a 

10 

2.34 

20 

2.37 

30 

2.. 37 

40 

2.30 

SO 

2.37 

CO 

2.38 


° From 17-AcPr. 
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Beer’s law is obeyed for steroid ester concentra- 
tions of 0-0 01 M in the sample solution (Aao 0-1 0). 
The response varies somewhat from day to day, 
houever, and for maximum accuracy standards 
should be run m parallel with unknown samples as 
described above 

Representative data obtained in the application 
of Procedures A and B to standard steroid esters 
are presented in Tables HI and lY, respectively, and 
indicate excellent accuracy and precision Typical 
results obtained in the analysis of a group of 17a- 
acetoxyprogestcrone samples by each of two opera- 
tors are shown m Table V Agreement is excellent 

The methods presented are rapid, accurate, and 
precise Hj’drocortisonc gives less than 1% of the 
response obtained with its esters indicating no inter- 
ference due to the presence of nonesterified steroid 
Other functional groups capable of yielding hy- 
droxamic acids under the conditions employed 
(such as anhydrides, acid chlorides, lactones, and 
imides) constitute positive interferences High 
concentrations of carbonyls, transition elements, 


Table III — Determination or Standard Steroid 
Esters — Procedure A 


Steroid 

Taken 

Found 

Ueco\ ery 

Ester 

mg /cc 

mg /cc 

% 

FAc 

2 03 

2 63 

100 0 


1 97 

1 99 

101 0 


1 31 

1 35 

103 1 


0 66 

0 07 

101 5 

A>-FAc 

3 33 

3 34 

100 3 


2 06 

2 08 

100 8 


2 00 

2 00 

100 0 


1 33 

1 33 

100 0 


0 07 

0 67 

100 0 

FCP 

3 41 

3 45 

101 2 


2 73 

2 73 

100 0 


2 05 

2 03 

99 0 


1 37 

1 35 

98 5 


0 08 

0 60 

97.1 

A'-FCP 

3 21 

3 23 

100 6 


2 57 

2 50 

99 6 


1 93 

1 90 

98 4 


1 28 

1 29 

100 8 


0 64 

0 62 

96 9 

17-AcPr 

4 09 

4 11 

100 5 


3 27 

3 30 

100 9 


2 45 

2 42 

98 8 


1 64 

1 60 

97 6 


0 82 

0 82 

100 0 

Mean =*= 

standard 

deviation 99 9 

±14 


Table IV — Deterahnation of Standard 
Testosterone CycLoPENTYLPROPioNATE— 
Procedure B 


Taken, 

Found, 

Recovery. 

mg /cc 

mg /cc 

% 

3 23 

3 28 

101 5 

2 42 

2 43 

100 4 

2 02 

2 03 

100 5 

1 62 

1 61 

99 4 

1 21 

1 21 

100 0 

0 81 

0 79 

97 5 

0 40 

0 40 

100 0 


Mean ± standard deviation 99 9 ± 1 2 


Table V. — ^Analysis of 17a- 
Acetoxyprogesterone Samples — ^Procedure A 


Sample 

-% 

Operator A 

17-AcI>i 

Operator B 

1 

98 5 

97 7 

2 

100 0 

99 4 

3 

100 9 

99 4 

4 

100 .! 

99 7 

5 

97 3 

96 3 


and ions capable of forming complexes nith ferric 
iron will affect the intensity of the color and should 
be avoided 


SUMMARY 

Modified hydroxamic acid procedures have 
been developed and applied to the determination 
of a xmriety of steroid esters. The methods 
presented are rapid, accurate, and precise 
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The Use of Microscopic and X-ray Diffraction 
Methods for the Identification of Sedatives 
and Anticonvulsants* 

By W. G. PENPRASEt and JOHN A. BILES 


Crystals of the newer barbiturates, the amides, and imides used as sedatives and anti- 
convulsants, were obtained by fusion, sublimation, crystallization from 50% alcohol, 
and crystallization from concentrated ammonia. Photographs of the different 
crystalline habits illustrate this method to be a useful means of identification. X-ray 
diffraaion powder diagrams were made and the d-distances are reported. 


A RAPID METHOD of identification and differ- 
entiation of the barbiturates by microcry- 
stalline procedures was reported in 1956 (1). 
An additional report using similar methods was 
published (2). During the initial investigation 
of the identification of the barbituric acid deriva- 
tives, it was stated that work was being continued 
with the newer barbituric acid derivatives, the 
hydantoins and the nonbarbiturate sedatives. 
This communication covers the later work. 

EXPERIMENTAL 

The derivatives under consideration were isolated 
from the tablet, capsule, or injection in the manner 
described in the previous paper (1). It was found 
that isolation was successful by triturating the tab- 
let and by extracting the powder with diethyl ether, 
if the dosage form contained only one active in- 
gredient. Sublimation was performed on the 
Kofler block in addition to the melting points. It 
should be pointed out that the recorded melting 
points will vary, depending on the method used for 
determining melting points 

The amide or imide was fused on a microscope 
slide. Recrystallization from 50% or 70% alcohol 
and concentrated ammonia was performed on a 
microscope slide. 

In the first report water was used as a solvent 
rather than 50% alcohol. However, it was found 
that crj'stallization from 50-70% alcohol was more 
rapid and as useful for purposes of identification. 
The crystalline habits from 50% alcohol were dif- 
ferent in most cases than the crystalline habit 
obtained by using water as the crystallizing solvent. 
The habits obtained from water and acetone were 
similar in most cases. 

The X-ray method of analysis was discussed in 
the first paper (1). It was stated that “the repro- 
ducibility of the angles at which the peaks occur for 


• Received January 0, 1958, from the pharmaceutical 
chemistrj' laboratories. School of Pharmacy, University of 
Southern California, Los Angeles 7, Calif. 

t Police chemist, Los Angeles Police Department. 

The authors ivish to thank Mr. John Freeman for some 
initial studies with the hydantoins. This study was com- 
ptclcd in part by a grant from the University of Southern 
California Pharmacy Alumni Association Development 
Program. The following companies furnished liberal quan- 
tities for study: Abbott (Phenurone, Tritlione), Parke, 
Davis (Dilantin), and Sandor (Mesantoin). 


the same barbituric acid derivative on various runs, 
as here reported, is of the order of ±0.1 degree.” 

The melting points of some of the amides and 
imides have been published in the literature. Since 
the melting point varies with the apparatus used, 
it was decided to report the melting points of all 
compounds studied. These are listed in Table I. 

The characteristic diffraction patterns were ob- 
tained by subjecting the powder to CuK-alpha-radi- 
ation from the X-ray spectrometer and recording the 
diffracted radiation on a chart, using a modified 
GM tube with a recording potentiometer. The 
d-distances were calculated and are reported in 
Table II. The X-ray instrument used was a 
Morelco (North American Phillips Co.) Geiger- 
Counter X-Ray Spectrometer Type No. 12012, 
equipped with a recording potentiometer (Brown 
Electronik Strip Chart Pyrometer Single Point 
Recorder, High Speed), using a rotating specimen 
holder, 

DISCUSSION 

A discussion of the peculiarities of the following 
compounds was deemed desirable. 

Diphenylhydantoin.— Extraction from the tablet 
was easily accomplished by trituration followed by 
mixing with ether, decantation and evaporation of 
the supernatant solution. By the sublimation pro- 
cedure, characteristic orthorhombic-like crystals 
were obtained between 163-168°, At 245°, the 
crystals changed to needle-like rods. 

Mesantoin.— Extraction was accomplished di- 
rectly from the tablets with ether. When mesantoin 
was dissolved in 70% alcohol and allowed to evapo- 
rate on a slide, characteristic pseudohexagons were 
obtained following scratching of the slide. Similar 
crystals were obtained by dissolving the mesantoin in 
O.lrV NaOH and precipitating with lA^ sulfuric acid 
If the slide was scratched following the addition of 
sulfuric acid, the size of the crystals was very small 

Methsuximide. — When methsuximide was re- 
crystallized from 70% alcohol, pseudohexagons 
were obtained. The crystals became quite large 
when the alcohol was allowed to evaporate slowly 
The "inclined faces” appeared to be beveled The 
crystals were quite small and the beveling was not 
apparent if the solution was scratched after initial 
precipitation. 

Milontin. — Twinning appeared to be prevalent 
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Fig. 1. — Photomicrographs showing variation in crystal habits of barbituates All magnifications X 45 


Table I. — Melting Points op the Amides and Imides 


Compound 

Diphenylhydantoin 

Ethotoin 

Mesantoin 

Methsusimide 

Milontin 

Phenacemide 

Primidone 

Trimethadionc 

Medomin 

Metharbital 

Talbutal 

Thiamylal 

Acetylcarbromal 

Carbromal 

Bromisovalum 

Ectylurea 

Glutethimide 

Meprobamate 

Methyprylon 

Valmid 


Chemical Name 

5.5- diphenylh5'dantoin 
3-ethyl-5-phenylhydantoin 
3-methyl-5-ethyl-5-phenylhydantoin 
N-mcthyl-a,a-methylphenyisuccinimide 
methylphenylsuccinimide 
phenylacetylurea 

5-phenyl-5-ethylhexahydropyrimidine-4,6-dione 

3.5.5- trimethyloxazoline-2.4-dione 
5-ethyl-5-( 1-cyclohcpteny 1 )barbituric acid 
N-methyl-5,5-diethylbarbituric acid 
5-allyl-5-sec. butylbarbituric acid 
5-amyl-5-(l-methylbutyl) thiobarbituric acid 
N‘-acetyl-N-bromdiethylacetylurea 
bromdiethylacetylurea 
2-monobroraisovalerylurea 
2-ethylcrotonylurea 
a-ethyl-a-phcnylglutarimide 
2-methyl-2n-propyl-l,3-propanediol dicarbamate 
3,3-diethyl-5-methyl-pipcridinc-2,4-dione 
1-cthinylcyclohcxyicarbamate 


M. p , "c. 
295-299 

90- 92 
136-139 
52-52.5 
72-73 
203-206 
289 

44.5-45 

169-171 

152- 153 
98-101 

128-130 

108-110 

114-117 

153- 154 
189-191 

91- 92 
118-119 

76-78 

97-98 


when the milontin was crystallized from 70% alco- 
hol. Milontin showed no apparent solubility with 
O.IN NaOH as no precipitate followed with addition 
of sulfuric acid. The compound was extracted also 
directly from the tablet with diethyl ether or chloro 
form. When the ether or chloroform solution of 
milontin was allowed to evaporate, the solid material 
showed a faint yellow color. 

Phenacemide. — The compound was extracted 
directly from the tablet with ether. After evapor- 
ation of the ether, the material had the appearance 
of asbestos fibers. When phenacemide was sub- 
limed, needles appeared at approximately 110°, 
changed to rhombic columnar crystals, with the 
reappearance of needles at approximately 175°. 

Primidone. — As illustrated in the photographs, 
characteristic crystals were obtained from alcohol. 
Some rosettes of pscudohexagonal plates were 
observed. 


Trimethadionc. — The very low melting point was 
characteristic. Cooling on an ice batli was necessar 3 ' 
for fusion studies as well as crj-stal studies from 
alcohol and ammonia. A low controlled temper- 
ature was necessarj’ to obtain sublimed crystals 
Metharbital. — The compound was extracted di- 
rectly from the solid dosage form The crj’stals 
obtained from alcohol were characteristic since the 
cleavage perpendicular to the long axis was often 
jagged. Swastika-like crystals were often obtained 
by dissolving the metharbital in 0 GV KaOH and 
precipitating witli liV sulfuric acid; if this precipi- 
tation uerc perfonned on a slide followed by scratch- 
ing. crystals were obtained which were similar to 
those obtained from concentrated ammonia, 

Talbutal. — The characteristic crystals fonned 
from the oilj- droplets in an alcoholic solution was 
one of the most satisfactory methods of identifica- 
tion. 
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Table II — The d-Distances for the Purified 
Aiudes and Imides Using Cu K-alpha Radiation 


Diphenyl 

Etho- 

Mesan- 

Meth- 

hydantotn 

tom 

tom 

suximidc 

7 74“ 

10 7“ 

6 84“ 

10 6“ 

6 84 

5 31“ 

5 89 

6 69 

5 33 

4 69 

5 03 

6 35 

5 11 

3 93 

4 59“ 

6 09 

4 89 

3 62 

4 20“ 

5 20 

4 36 

3 51 

3 92 

5 10" 

3 94“ 

3 28 

3 62 

4 8G 

3 91“ 

3 15 

3 40 

3 70 

3 42 

3 06 

3 2G 

3 52“ 

3 22 

2 63“ 

2 GO 

3 37 


Phen 

Pn 

Trimcth- 

Milontm 

acemide 

midonc 

ndtonc 

13 3 

10 1 

13 6 

0 45“ 

8 32 

8 40 

G 92“ 

5 20“ 

6 54 


G 54 

4 49 

6 31 

5 34“ 

5 44 

6 24 

4 43 

5 21“ 

4 42“ 

5 74 

3 86 

4 19“ 

4 05 

4 59“ 

3 48 

3 89 

3 G7“ 

4 IG" 

3 19“ 

3 47 

3 34 

3 65 

2 79 

3 39 

3 13“ 

3 44 

2 7G 


2 42 

3 02 

Meth 

3 19 

2 13 

Medomin 

arbital 

Talbutal 

Tluamytal 

15 3 

8 78“ 

10 2“ 

12 7“ 

7 71“ 

6 71“ 

< i ! 

7 03“ 

6 29 

5 99 

5 7G“ 

0 33“ 

5 91 

5 87 

5 31 

5 10 

5 16“ 

5 76“ 

5 03 

4 52 

4 34 

5 37 

4 51 

4 22 

3 86 

3 37 

4 12 

3 87 

4 10 

3 00 

3 50 

3 57 

3 79 

2 81 

3 29 

3 52“ 

3 52 

Acetjl 

3 11 

3 34 

Bromi- 

3 16 

carbromal 

Carbromal 

sovalum 

Ectylurca 

6 49“ 

9 74 

13 4 

C 42“ 

6 39“ 

8 17 

6 74“ 

5 13 

4 86 

7 12“ 

5 93 

4 73“ 

4 38 

6 74 

4 85 

4 45 

4 22 

4 47 

4 56 

3 92 

3 35“ 

4 30 

4 34“ 

3 78“ 

3 17 

3 86“ 

3 86 

3 18 

2 82 

3 81“ 

3 44 

2 99 

2 41 

3 28 

3 08 

2 72 

2 04 

3 19 

2 75“ 

2 68 

Glute- 

Afepro- 

Methy- 


thimide 

bamate 

pryloa 

Valmid 

10 3 

14 1 

6 29“ 

12 5“ 

7.23 

8 21 

6 20“ 

5.47 

6 22“ 

6 95“ 

5.97 

5 36“ 

6 01 

4 71 

5 36“ 

5 29“ 

5 11“ 

3 94“ 

4 35 

4 91 

4 59 

3.70 

4 03 

4.10 

3 78“ 

3 54 


3 42 

3 52 

3 13 

3 47 

3.20 

3 27 

2 75 

3 03 

3 12 

3 20 

2 37 

8 52 

3 08 


“ Strong 


Thiamylal. — The material tvas extracted directly 
from the solid dosage form with diethyl ether. 
Dendritic crystals were obtained from the alcoholic 
solution. Leaflets were obtained in cluster form 
when crystallized from concentrated ammonia 
The contrast of these leaflets was ver 3 ’ low and 
suitable photographs were practicalljr impossible. 
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Twinned crystals (perhaps elbow twinning) were ob- 
tained when a basic solution was acidified with sul- 
furic acid in order to precipitate the compound 
Acetylcarbromal.— Characteristic "wheat bun- 
dles” obtained from an alcoholic solution re- 
dissolved on scratching. Rectangular plates, similar 
to those obtained from concentrated ammonia, were 
then observed. Crystals obtained by sublimation 
on the Kofler block were obtained more easily when 
a microscope slide was used rather than the hanging 
drop slide. 

Carbromal. — When the material was sublimed, 
needles (sheaths) appeared at approximately 80° 
As the temperature continued to rise, some rod-like 
forms appeared which did not melt even at 140°. 
This was characteristic since the melting point oi 
carbromal was 114-117°. 

Bromisovalum. — The formation of a larger num- 
ber of plates, as illustrated by crystallization from 
50% alcohol, was hastened by scratching the slide. 
Similar plates were obtained by precipitating the 
material from a basic solution w'ith sulfuric acid. 
When the compound was sublimed, platelets were 
first obtained; with continued heating needles were 
observed. 

Glutethimide. — -When the tablets were treated 
directljf with 70% alcohol, platelets were obtained. 
Needles were obtained in addition to the plates when 
the ether e.xtract was recrj'stallized with 70% alco- 
hol. As tills alcohol was allow'cd to evaporate, 
crj’stallization continued on the platelets (pseudo- 
he.Yagons) and many varied crystalline shapes were 
observed. MTien the ether e.xtract was dissolved 
in O.UV NaOH and precipitated with IN sulfuric 
acid, columnar-shaped crystals were obtained; 
needles were obtained on scratching the slide. 

Meprobamate. — The characteristic crystals tor 
this compound were tliose illustrated in the photo- 
graphs from 50% alcohol and ammonia. Crystals 
from sublimation were not observed. 

Methyprylon. — Characteristic crystals from sub- 
limation were not observ'ed. When sublimation was 
performed on the Kofler block and the slide was 
observed under 260 X magnification, small columnar 
(monoclinic ?) crystals were observed. An oil was 
obtained when the tablets were extracted with di- 
ethyl ether or chloroform; after standing and then 
scratching crj'stallization occurred. The crystals 
from 50% alcohol and concentrated ammonia were 
very characteristic. It was noted that the methj'- 
prj’lon reacted wdth the lead when placed on the lead 
for X-ray diffraction study. It was noted also that 
pure methyprylon, when treated with a drop of gold 
chloride in phosphoric acid (1:20 HAuCb in [2 -f 1] 
HjPOi), formed columnar crystals. A similar reac- 
tion W'as obtained if the reagent was added to the 
tablet. 

Valmid. — Sublimation crystals were character- 
istic. When the Valmid was crj^stallized from 
alcohol, columnar crj-stals were observed. The 
columnar crj'stals resulted from the definite cleavage 
of platelets Irregularly shaped crj'stals were ob- 
tained when the alcoholic solution was scratched. 
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Separation of 1,2,3 -Trimercaptopropane from 
Dimercaprol by Partition Chromatography* 

By E. G. RIPPIE, A. A. KONDRITZER, and R. I. ELLIN 


A method is presented of separating mixtures of 1,2,3-trimercaptopropane and 
dimercaprol by means of a partition chromatographic column with an aqueous 
buffer solution as the internal phase and a mixture of isopropyl ether and petroleum 
ether as the external phase. Dimercaprol, free of 1,2,3-trimercaptopropane, has 
been prepared and physical data are given. 


A N EARLIER PUBLICATION from this laboratory 
(1) indicates the presence of a trithiol, 1,2,3- 
trimercaptopropane, as an impurity in every lot 
of 2,3-dimercaptopropanol (Dimercaprol, U. S. 
P. XV; British Anti-Lewisite; B.A.L.) investi- 
gated. Trimercaptopropane, on parenteral in- 
jection into rats and rabbits, has been found to be 
significantly more toxic than dimercaprol (2, 3). 

Two objectives of this investigation were the 
development of a method for the separation of 
trimercaptopropane from dimercaprol and the 
subsequent preparation of dimercaprol free of the 
trithiol. Physical data can then be determined 
and more exacting specifications, including 
physical constants, established for dimercaprol. 

EXPERIMENTAL AND RESULTS 

Dimercaprol free of 1,2,3-trimercaptopropane is 
difficult to obtain by ordinary distillation procedures 
due to the closeness of their boiling points, A par- 
tition chromatography system was chosen as one 
most likel}' to assure separation of each component, 
as well as satisfactorj- recovery of the sample. 

Isopropyl ether was selected for trial as the eluant 
because of its protophilic properties. Since the tri- 
thiol compound is more acidic than dimercaprol a 
solvent of this type would be expected to favor solu- 
bility of the trithiol, whereas the aqueous phase 
favors solubilitj’ of the dimercaprol. However, us- 
ing only isopropyl ether as the eluant, complete 
separation was not accomplished. The addition of 
petroleum ether to the isopropyl ether markedlj- de- 
creases the solubility of dimercaprol, whereas it 
affects the solubilit}’ of trimercaptopropane to a 
lesser extent. With a 1:1 (v/v) mixture of petro- 
leum ether and isopropyl ether as the eluant a very 
good separation of the two compounds was obtained, 
as shown in Fig. 1. 

Materials and Equipment. — Dimercaprol; 1,2,3- 
trimercaptopropanc (4); silicic acid, Mallinckrodt, 
chromatography grade; chloroform, reagent grade; 
freshly distilled isopropyl ether; petroleum ether, 
washed with sulfuric acid and distilled between 35- 
50°: 0.2 if phosphate buffer of pH 6, containing 
0.1% sodium bisulfite; standard 0.1 iodine solu- 
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tion. Small chromatographic tubes: 12 to 13 mm. 
internal diameter (I.D.) X 600 mm., constricted 
at one end into a short delivery tube, 5 mm. I.D. 
Indentations were made near the lower end of the 
tube to support the silicic acid column. A glass 
rod, flared and ground to fit the tube, was used for 
packing the column. Large chromatographic tube: 
86 mm. I.D. X 750 mm., constrieted at one end into 
a short deliverj' tube of 15 mm. I.D. and with a sin- 
tered glass plate of coarse porosity above the de- 
livery tube to support the silicic acid column. The 
column was packed bj' means of a wooden rod fitted 
at one end with a wooden disk having a diameter 
slightly less than the internal diameter of the tube. 



froctioD 


Fig. 1. — Partition chromatogram of a mixture of 
1,2,3-trimcrcaptopropane and dimercaprol. Phos- 
phate buffered solution was used as the internal 
phase; petroleum ether-isopropyl ether mixture 
(1:1 v/v) was used as the eluant. Fractions were 
3 ml. in volume. 


Preparation of Column. — Twenty grams of silicic 
acid were thoroughl}’ mixed with 20 ml. of the phos- 
phate buffer containing bisulfite. The mixture was 
then made into a slurry bj- mixing with 100 ml. of 
chloroform. Successive portions of the slurry were 
poured into a small chromatographic tube, at the 
bottom of which had been placed a small plug of 
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glass wool. After each addition of the slurry the 
silicic acid was firmly packed by means of the ground 
glass plunger A layer of liquid was always kept 
above the column to prevent the formation of air 
spaces The column, usually 25-30 cm. in height, 
was washed free of chloroform with the 1.1 (v/v) 
petroleum ether-isopropyl ether solvent. 

Procedure. — The solvent head was allowed to fall 
to the level of the silicic acid Approximately 100 
mg of dimercaprol contained in two ml. of petroleum 
ether-isopropyl ether was placed on the column and 
the liquid was again allowed to fall to the level of 
the silicic acid The walls of the column were rinsed 
with a 2-ml portion of solvent The rinsing was 
allowed to pass into the column before the chroma- 
tographic tube was filled with solvent Three-ml. 
fractions were collected and analyzed for thiol sulfur 
content by titration with standard iodine and the 
elution curve determined (Fig. 1) A two-ml ali- 
quot of the original sample, titrated directly with 
standard iodine solution, served as a check on the 
quantitative recovery of total sample. 

Analysis of BAL by Partition Chromatography. — 
Four experimental samples were prepared by dis- 
solving dimercaprol and trimercaptopropane in the 
ether solvent mixture Aliquots containing approxi- 
mately 100 mg of dimercaprol and an amount of 
trithiol ranging from 10 to 55 mg were analyzed by 
the above procedure The results, in Table I, show 
that approximately 98% of the trimercaptopropane 
and 92-96% of the dimercaprol were recovered. 
On passing through the column both components 
are probably partially oxidized Barron, ct al 
(5), reported that trunercaptopropane and dimer- 
caprol were readily oxidized in the presence of trace 
amounts of copper, dimercaprol being oxidized 
twelve times as rapidly as trimercaptopropane 
The silicic acid and buffer salts have maximum limits 
of heavy metal impurities that suggest the presence 
of catalytic quantities in the column 

Analysis of laboratory and commercial lots of 
dimercaprol was carried out by taking three suc- 
cessive fractions (a) a 2n-ml fraction containing 


Table I —Efficiency of Separation of Dimer- 
caprol AND 1,2,3-Trimercaptopropane bx’ Par- 
tition Chromatography 



Com 

Amt in 
Weighed 
Sample,^ 

Amt 

Found, 

Re- 

cov ery. 

Sample 

ponent® 

mg 

mg 

% 

1 

A 

54 5 

52 9 

97 1 


B 

100 8 

92 9 

92 2 

2 

A 

28 1 

27 9 

99 1 


B 

100 3 

92 3 

92 0 

3 

A 

17 8 

17 5 

98 4 


B 

85 5 

82 7 

96 7 

4 

A 

10 3 

10 1 

97 9 


B 

107 8 

99 5 

92 3 


“ Components are designated as A, 1,2,3 trimercaptopro- 
patie, and B, dimercaprol 

b Corrected for percentage of trithiol already present in 
dimercaprol sample used 


the trimercaptopropane impurity; (b) a 3-ml. frac- 
tion which served as a check on the separation of the 
two components ; and (c) a 40-ml. fraction containing 
the dimercaprol. Results are given in Table II 
Preparation of Dimercaprol Free of Tiimercapto- 
propane. — With the large chromatographic column, 
using fifty times the quantity of silicic acid, dimer- 
caprol, and other reagents used in the above pro- 
cedure, the same method of isolation was followed 
The portion of eluate containing dimercaprol was 
carefully evaporated and the dimercaprol distilled 
under reduced pressure, b p. 66-68°/0 2 mm Hg 
The refractive index was determined with an Abbe 
refractometer ; = 1.5647 The thiol sulfur 

content was 51.8%; theory, 51.6%. 


Table II. — Recovery of 1,2,3-Trimercaptop.to- 
PANE FROM Commercial Lots of Dimercaprol 


Sample 

Weight, 

Trithiol Containing 
Impurity Found 

No 

mg 

mg 

Per Cent 

1 

94 4 

1 37 

1 45 

2 

91 6 

1 54 

1 68 

3 

112 1 

5 29 

4 72 

4 

96 5 

8 06 

8 35 

5 

100 1 

5 96 

5 95 

6 

116 4 

7 38 

6 34 

7 

91 7 

2 60 

2 84 

8 

91 0 

0 66 

0 73 

9 

94 5 

3 78 

4 00 

10 

98 7 

2 59 

2 63 

11 

116 9 

3 88 

3 32 

12 

102 5 

4 29 

4 19 


SUMMARY 

A partition chromatography method of sepa- 
ration of 1,2 3-trimercaptopropane from dimer- 
caprol on a laboratory scale has been presented. 
The method has been applied to the estimation 
of the trithiol present in xmrious laboratory and 
commercial preparations of dimercaprol. Di- 
mercaprol, free of trimercaptopropane, has been 
prepared and some physical constants deter- 
mined. 
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Bactericide/Leukodde Ratio: A Technique for the 
Evaluation of Disinfectants* 

By LEO GREENBERG and JAMES W. INGALLS 


A rapid and simple method for the evaluation of antiseptic substances, using animal 
leukocytes is described. A comparison between the bactericidal and leukocidal 
concentrations of a given compound yields a relative measure of the toxicity of the 
test substance, and under the test condition, only gentian violet, Chlorox, and 
I Isodine, of fifteen compounds tested, show a lower toxicity to phagocytes than to 
. bacteria. The method described should prove valuable for small laboratories or 
for rapid evaluation of new compounds, although values so obtained cannot be the 
sole criterion for the determination of the effectiveness or usefulness of a wound 

disinfectant. 


S INCE 1931, the testing of disinfectant sub- 
stances in the United States has largely been 
carried out by the U. S. Food and Drug Admini- 
stration method, commonly referred to as the 
phenol coefficient technique. Results obtained 
by this method have been seriously criticized on 
several grounds, not the least of which is the 
presumed lack of practicality. 

To meet this criticism, a number of vivo 
testing methods have been devised for use in the 
evaluation of germicidal materials, some of the 
best known being the mouse tail amputation 
method (1), the white mouse skin test method 
(2), and the chorionic-allantoic egg membrane 
method (3). Since these methods in turn yield 
little information concerning the relative toxicity 
of the compound being tested, still other evalua- 
tion procedures have been suggested. These 
include the use of erabr^-onic chick heart fibro- 
blasts (4-7), the abdominal wall of white rabbits 
(8), rabbit spleen cells (9), spindle cell and perios- 
tial cell cultures (10), and manometric measure- 
ments of mouse liver cells (II). 

Nye (12) in 1937 proposed that the toxicity of 
antiseptics be determined against leukocytes, and 
a complex technique for such determinations has 
been developed by Welch, el al. (13, 14). This 
technique involves the preparation of artificially 
opsonized staphjdococci, special rotating machin- 
ery and an incubation period beyond the time in 
which antiseptics are normally in active contact 
wth tissues. Since these studies, little attention 
has been paid by research workers to the use of 
white blood cells as a substrate for the measiue- 
ment of cliemical toxicity, and at least part of 
this apathy may be ascribed to the complexity of 
the testing procedures involved. 


• Rccci\cd Xo\cniber 21, from the DepTrtmeDt< of 

^^lcrobJo^opy and Phnrraacologv, Brookl>n College of Phar 
mnej , l-ong Inland Unncpsilj , Brooklyn. K Y 


Since leukocytes represent a readil}' available 
source of cellular material, they would appear to 
be a more suitable source of tissue cells for use in 
routine analytical procedures than embrjmnic 
chick heart fibroblasts or other materials used in 
toxicity testing. Moreover, leukoc 3 '’tes themselves 
represent a major part of the inlection process, a 
process which disinfectant substances are designed 
to influence favorably. A substance which signif- 
icant!}' affects the phagocytic process affects the 
body’s defense against pathogenic microorgan- 
isms, and a germicide whose toxicity to this vital 
cellular defense mechanism is far greater than its 
toxicity to bacterial pathogens may reasonably 
be expected to alter, to a greater or lesser degree, 
the body’s resistance to bacterial invasion. 

In view of this, the purposes of this investiga- 
tion were first, to develop a simplified method for 
the determination of chemical toxicity to leuko- 
cytes which might routinely be used by small 
laboratories for the evaluation of wound disin- 
fectants, and secondly, to determine through 
the use of such a technique, the bactericidal and 
leukocidal values of some of the most commonly 
used wound disinfectants (several selections are 
of historical rather than current interest). 

METHODS AND MATERIALS 

Commercial disinfectants used in this study were 
purchased locally or prepared with reagent grade 
ingredients Dilutions were prepared with sterile 
pipets and glassware using sterile isotonic saline. 
The bacterial culture used was a stock culture of 
Aficrocoecus pyogenes var. aureus (209P) originally 
obtained from the American Type Culture Collec- 
tion and maintained by serial transfer on FDA agar 
slants As needed, a small loopful of surface gron th 
was transferred to a tube of sterile FDA broth and 
incubated at 37° for six hours One loopful of this 
broth was then inoculated into fresh sterile FDA 
broth and incubated at 37° for eighteen hours 
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Preliminary study showed that such broth tubes 
contained approximately 300,000,000 organisms per 
ml. regardless of the size of the initial agar slant 
inoculum. 

Bactericidal values were determined by pipetting 
0.2 ml. of eighteen-hour broth culture of the test 
organism into sterile Wasscrman tubes and adding 
1.0 ml. of the appropriate dilution of the disinfectant 
at 37°. The contents of the tubes were well mixed 
and kept for exactly ten minutes at 37° after which a 
4 mm. loopful was removed and transferred to tubes 
containing 2.0 ml. of sterile FDA broth. In the case 
of mercurial disinfectants, thioglycollate broth was 
used to eliminate the bacteriostatic effect of the 
metal. All runs were done in duplicate and checked 
a week later to verify results obtained. 

For testing leukocyte toxicity, fresh blood was 
obtained by cardiac puncture or from the vena cava 
of young male rats under light ether anesthesia 
and defibrinated by whipping gently. Routine 
white blood cell counts were done to eliminate grossly 
abnormal animals; counts on blood so obtained 
averaged slightl 5 ’ below published normals for rat 
blood, presumably due to the loss of some leukocytes 
in the removal of the clot. It should be pointed out 
that rat blood was chosen for use in this study only 
because of its availability; random observations 
indicated that human, guinea pig, or rabbit leuko- 
cytes each yield consistent values, although such 
values differ from species to species. 

One-fifth milliliter of blood was pipetted into 
sterile 50-ml. centrifuge tubes and 1.0 ml. of the 
appropriate dilution of the disinfectant at 37° 
added. Tubes were well mi.xed and maintained at 
37° for exactly ten minutes. Approximately 50 
ml. of warmed sterile isotonic saline was added, 
stirred, and immediately centrifuged for thirty 
seconds at high speed, the supernatant fluid being 
drawn off and discarded. This washing was re- 
peated twice more to remove all traces of the disin- 
fectant. 

Survival of leukocytes was measured by the 
ability of polymorphonuclear neutrophils to phago- 
cytize a bacterial suspension prepared by adding 1.0 
ml. of eighteen-hour broth culture of M. aureus to 


3.0 ml. of sterile rat serum and incubating for at 
least four hours prior to use. One-tenth milliliter 
of this suspension was added to the cellular sedi- 
ment in the centrifuge tubes, mixed well, and in- 
cubated at 37° for one-half hour. After this time, 
a loopful of the mixture was removed, smeared on 
sterilized glass slides, stained with Wright’s stain 
for one minute, buffered with Wright's buffer for 
four minutes, rinsed in tap water for thirty seconds, 
dried, and examined under oil immersion. Ten 
typical polymorphonuclears were counted for bac- 
terial inclusions, a total ingestion of ten or more 
bacteria in the cells counted being taken as an indi- 
cation of phagocytosis, and hence, survival. Nor- 
mal controls were run simultaneously with each set 
of leukocidal values to verify the phagocytic powers 
of the blood being used. 

RESULTS AND DISCUSSION 

The bactericidal values for the fifteen disinfectants 
tested are listed in column 1 of Table I. Since the 
dilutions which were used in the evaluation of these 
substances varied, the highest determined concentra- 
tion in which growth was obtained is also listed (col- 
umn 2). It seems reasonable to suppose that were 
additional dilutions made in the range between the 
two determined values, the bactericidal point would 
be slightly altered in some cases. 

Inspection of the data reveals that gentian violet, 
tincture of Zephiran, tincture of iodine, and tincture 
of Merthiolate rank highest in germicidal efficiency 
of the pure compound. That these latter results 
are not due to the effects of the alcoholic vehicle can 
likewise be determined. The complete ineffective- 
ness of tincture of green soap and mercurochrome 
to show germicidal activity under conditions of 
this technique would appear to be somewhat sur- 
prising, as is the relatively poor showing of bichlo- 
ride of mercury. If this table is viewed in the light 
of commonly used strengths of these disinfectant 
substances, it would appear that Lysol, Clorox, 
gentian violet are most germicidal, followed closely 
by tincture of iodine, Isodine, and tincture of Zephi- 
ran in descending order. 


Table I. 


Compound 

Bactericidal 

Dilution 

Growth 

Dilution 

Leukocidal 

Dilution 

Phagocytic 

Dilution 

B/L 

Ratio 

Clorox 

l.TOO 

1:150 

1:50 

1:100 

0.5 

5 

Ethanol (95%) 

F. S.“ 

1:2 

1:5 

1:10 

Green Soap Tincture 

F. S. !.'• 

F. S.” 

1:500 

1:1,000 

"6.4 

Gentian Violet 

1:10,000 

1:15.000 

1:4,000 

1:5,000 

Hvdrogen Peroxide (6%) 

F. S.“ 

1:2 

1:10 

1:20 

10 

28.6 

0.9 

Iodine Tincture 

1:70 

1:85 

1:2,000 

1:5,000 

Isodine 

1:55 

1:70 

1:50 

1:100 

Lysol 

1:100 

1:150 

1:3,000 

1:5,000 

30 

200 

Mercuric Chloride 

1:100 

1:200 

1:20,000 

1:30,000 

Mercurochrome 

F. S. !.'• 

F. S.” 

F. S. I.'' 

F. S.“ 

'26 

1,000 

20 

1 

5 

Merthiolate Tincture 

Phenol (abt. 90%) 

F. S." 

F. S.“ 

1:2 

1:10 

1:20 

1:1,000 

1:50 

1:2,000 

Potassium Permanganate 

S. T. 37 

Zephiran Tincture 

1:100 

1:2 

1:10 

1:200 

1:4 

1:25 

1:2,000 

1:2 

1:50 

1:5,000 

1:5 

1:100 


“ F. S. = full strength. ^ F. S. I. = full strength ineffective. 
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The leukocidal concentrations of the disinfect- 
ants tested are listed in column 3, and the maximum 
tested concentration of the compound permitting 
phagocytosis is likewise indicated. Again it should 
be pointed out that were determinations made in 
the gap between these two values, the leukocidal 
point u ould probably shift in certain cases 

Column 5 indicates the bactericidal/leukocidal 
ratio of each of the compounds tested. Theoretically 
as with all toxicity indexes, the lower the ratio, the 
safer the eompound for routine use as a wound dis- 
infectant The relatively high value obtained for 
iodine tincture contrasts sharply with the lack of 
cellular toxicity previously reported (13), and the 
result for Clorox does not bear out previous re- 
ports of high leukocyte sensitivity to chlorine com- 
pounds (12) As the results indicate, only gentian 
violet, Clorox, and Isodine are less toxic to white 
blood cells than to bacteria, while classic disinfect- 
ant substances such as phenol and mercuric chloride 
evidence inordinate leukocide properties. 

However, the limitations of this and other toxicity 
studies must be carefully identified. Under prac- 
tical conditions of disinfection, there is little doubt 
that phenol is effective, despite its evident cellular 
toxicity Moreox'er, it would appear quite unlikely 
that the local destruction of phagocytic cells in a 
nound will long affect the healing process, since 
for all practical purposes the body’s supply of leu- 
kocytes is unending It has even been shown (15) 
that the presence of mercuric chloride may actually 
raise rather than lower the ability of phagocytes to 
engulf bacteria Thus, the technique described 
here is not a substitute for clinical evaluation nor 
an infallible guide to the selection of nontoxic disin- 
fectants It is rather to be regarded as a simpli- 
fied and rapid method for obtaining one small part 
of the profile of potential disinfectant agents, in 


tlie final analysis, it is the entire profile on which 
the use or non-use of the compound tested must 
be based. 


SUMMARY 

1. A. rapid and simplified modification of ear- 
lier techniques for the comparison of bactericidal 
and leukocidal values of wound disinfectants has 
been described. 

2. Under the test conditions, only gentian 
violet, Clorox, and Isodine, of the disinfectants 
tested, are less toxic to leukocytes than to bac- 
teria. 

3. The limitations on the use and significance 
of the test procedure have been discussed. 
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Notes 


A Note on a New, Versatile, Photoelectric Cell Drop Counter* 

By RICHARD F. CHILDS and ALBERT L. PICCHIONI 


T he need for an efficient, inexpensive, drop 
counter is frequently encountered in the labora- 
, Although many instruments designed to count 
drops have been reported, the majority of them when 
used arc li mited with respect to such factors as rate 

•Received January 14, 1958. from the College of Phar- 
macy. University of Arizona, Tucson 

Presented at the Section on Pharmacy, A A A S , Indian- 
apolis meeting, December, 1957 


of falling drops, viscosity, and electrol\ te content of 
the fluid The photoelectric cell counter, such as 
that employed u ith chromatographic fraction collec- 
tors, does not possess these limitations; however, 
commercially available productions are expensive. In 
addition, it has been the experience of one of the 
authors that some of these counters require consider- 
able adjustment before and during use in order to 
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insure that the drops fall directly into the light beam 
impinging on the photocell. 

Throngh the use of an inexpensive, miniature, 
transistor photodiode, and a new principle for acti- 
vating this photocell, an economical, highly efficient 
drop counter has been produced. The instrument 
consists of two separate units — the "Sensor” and 
"Recorder ” As illustrated in Fig. 1, the former is 
comprised of a cadmium sulfide photodiode, a glass 
dropper tube, and oblique and frontal light sources 
consisting of 3-volt flashlight bulbs each of which is 
coated in such a manner as to form a small slit 
yielding a narrow beam of light. The oblique light 
beam is directed at a 60° angle to strike beneath 
the photocell. When the parallel light source is 
used, the light beam is intentionally made to strike 
the small photodiode window. The Recorder unit 


R-1 of the Recorder unit. The starter anode (grid) 
of VT-1 in the Recorder unit obtains its voltage from 
a voltage divider comprised of R-2, the photodiode, 
and R-4. When the window of the photodiode is 
dark, the resistance of the voltage divider is high and 
the starter anode voltage too low to allow VT-1 to 
draw plate current. When light strikes the window, 
however, the resistance of the photodiode drops, 
thereby increasing the voltage across R-4. At this 
time VT-1 conducts plate current through the spring- 
loaded rela}' counter. Occasionally, it is necessary 
to count drops of an opaque liquid. In such cases, 
the frontal light source is selected by adjusting SW-2 
of the recorder unit. An opaque drop falling from 
the glass tube interrupts the light beam directed into 
the window of the photodiode cansing a marked light 
intensity differential which activates the cell. 



Fig. 1 — Sketch illustrating relationship of elements of the Sensor unit on the left and schematic diagram for 
the complete photoelectric cell drop counter, including the Sensor and Recorder units, on the right. 


consists essentially of a R C.A. No 5823 cold 
cathode thyratron tube (\^T-1) and a Mercury 110 
volt a.-c. relay counter, which has been modified by 
attaching a Walsaco No. 7400F dial drive spring to 
the ratchet arm to facilitate operation of the counter 
directly from the plate current of VT-1. 

By referring to Fig. 1, the principle of operation 
of both units of the drop counter can be explained. 
When a transparent or translucent liquid drops from 
the glass tube in the Sensor unit, light rays from the 
oblique light beam pass through each drop and are 
refracted. The result is a magnified bright circle of 
light which sweeps the small photodiode window 
This sharp contrast of lighting is very effective for 
activating the cell. The optimum oblique light 
intensity for a given liquid is calibrated by adjusting 


A desirable feature of this instrument is the close 
proximity and permanent positioning of the compo- 
nents of the Sensor unit (Fig. 1). Such an arrange- 
ment obviates the need for repeated adjustments 
before and during use of the drop counter. The 
Sensor unit is also designed so that the drops may be 
collected in a graduate for volume measurements if 
desired. Further, the instrument is applicable for 
measuring fluid inflow, since the drops passing 
through the Sensor unit are neither mechanicall.v 
damaged nor chemically contaminated. 

The drop counter is capable of accurately reewd- 
ing drops of liquids at rates varj'ing from 0 to 700 
per minute. The authors have found the instru- 
ment very satisfactory' for determining the rate of 
perfusate flow in such studies as coronary' perfusion 
of the Langendorff heart preparation. 




Note on Sensitivity of the Isolated Perfhsed Rat Uterus to Serotonin* 

By JAMES L. LEITCH, DAVID MARYN, and JEANETTE B. MOORE 


G addum. ct a!. (1), and Amin, ct al (2), used the 
atropinized estrous uterus of the rat as a sen- 
sitive organ for tlie bioassaj' of serotonin (5-lij drew 
tryptamine). Barklian (3) correlated the utermc 
spontaneous activity with tlie vaginal smear c\tol 
ogy of Long and Evans (4). He found that spon- 
taneous activity nas at a minimum and sensitivit\ 
to serotonin at a maximum during Stage II of the 
estrous c.vcie. Leitch, et al. (5), used tlie same 
vaginal smear technique to determine the stage of the 
estrous cycle in rats prior to sacrifice 
In an attempt to prolong the period of sensitiza 
tion, Sprague-Dawley rats were injected subcutane 
ously with a microcrystalline estradiol suspension 
(Estrol A. S , Trico Pharmaceutical Co , Los Angeles 
in doses of 100 to 600 pg. per rat In over t.il 
rats sacrificed at various times after such injection- 
uteri suitable for bioassay were obtained even though 


According to Long and Evans (4). the vagina! 
smear cj tology is directly correlated v ith uterine 
condition. Stage II being characterized by (o) maxi- 
mal swelling of vaginal orifice, {b) cornified cells in 
the vaginal smear, and (c) maximal uterine disten- 
tion (5 mm ). The data in Table I show that 
after pretreatment w ith estradiol the condition of 
the uterus is not specifically indicated by the vaginal 
smear cytologj-. Although the x^agina apparently 
continues through successive stages of the cycle, the 
uterine horns, as indicated by their degree of disten- 
tion, are maintained in Stage II, for three and pos- 
sibly four days after the injection. Swelling of the 
vaginal orifice seems to follow more closely the uter- 
ine condition. This swelling, rather than the vaginal 
smear cytologj-, might be more useful as a gross 
external sign for determining whether or not a given 
rat would be suitable for serotonin bioassay 


Table I, — REPRESEtrrATivE Data on the Relatiox ship of Estrous Cycle and Sensitivity of Rat 

Uterus to Serotonin 


1 strous Cycle Data 

Uteriae- 


Rat 

Weight, 

Dose 

Time 

Used. 

Vaginal — * 

Onfice Smear 

Horn 
Diam , 


Sensitu’ity 

to 

Gm 


Days*' 

Swelling 

Cytology 

mm 

Stage 

Serotonm 

197 

600 

4 

IV or in- 

Interval 

2 

. . 

Unsatisfactory 

222 

600 

1 

terval 

11 

II 

5 

II 

4 to S ng. 

248 

600 

2 

II 

III 

6 

II 

4 to 8 ng 

263 

600 

3 

II 

IV 

7 

II 

4 to 8 ng. 

263 

600 

4 

II 

Interval 

8 

II 

4 to 8 ng. 

286 

400 

1 

II 

I 

3-4 

n 

4 to 8 ng 

218 

400 

2 

II 

II 

4 

II 

4 to 8 ng. 

225 

400 

4 

II 

IV 

4 

u 

4 to 8 ng. 

213 

400 

4 

I or IV 

Interval 

2 

b 

Unsatisfactory 

257 

200 

1 

I or IV 

II 

2 

b 

Unsatisfactory 

213 

600 

1 

II 

II 

4 

n 

4 to 8 ng. 


» the c>cle is deSn.Iely not in Stage II but is lusumeient evidence to 

determine which of the other stages is involved 


the vaginal smear cytology did not indicate Stage 
H of the estrous cycle. Representative data arc 
summarized in Table I. Similar results were also 
obtained using diethylstilbesterol (tested only at 
100 pg. per rat). It was also noted that (o) the stage 
of estrus at the time of estradiol injection did not 
significantly affect the sensitization of the uteri to 
serotonin, (b) rats weighing 100 to 350 Gm. gave 
similar results, and (c) spontaneous contractions and 
also an unsatisfactory sensitivity were associated 
with uteri of less than 3 mm. in diameter. 


Received December 23, 1957, from the Atomic Energy 
' University of California, Los Angeles 24. 

feticie based on wort performed under Contract Xo 
^ FfVj‘fl'GEN'-I2 between the Atomic Energy Commission 
and the University of California at Los Angeles 


To summarize, it has been found that 200-600 
pg. of estradiol per rat will sensitize the uterus to 
serotonin for three or four days. Although the 
uterus is maintained in Stage II of the estrous cycle 
this stage is not indicated by the vaginal smear cy- 
tology. For highest sensitivity in the serotonin 
assays, uterine horns, in silu, should be 5 mm. in 
diamoter, regardless of the vaginal smear cytology. 
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Book Notices 


Pharmacology for Medical Students in Trol>ical 
Areas Bj Roger A Lewis Tlie Popular 
Book Depot, Bombaj, India, 1957 xx + 524 
pp 13 5x215cm Price 15 
Tills book presents the study of pliarinacology 
with the special considerations required of the medi 
cal practitioner in tropical, underdeveloped areas, 
noting the different diseases and the varj ing forms 
of other diseases such as diabetes, that occur in 
those areas The tjpe of reined \ may have to dif 
fer from what which is available in industrial centers 
The doctor may have to dispense drugs rather than 
be able to refer the patient to a "corner drugstore ” 
And the slighter or smaller stature of his patients 
will require dosage adjustments 

Following a brief, 56 page review of general phar- 
macology, the text deals with Chemotherapj of 
infectious disease, drugs acting on and affecting 
various sj stems of the bod> , and includes appen 
dixes giving simple exercises in practical pharmacy, 
and in experimental pharmacology The exercises 
in practical pharmacy are correctlj listed as such m 
the table of contents, but are incorrectly desenbed 
as pharmacology b> the headings in the appendix 
The four page section devoted to prescription 
writing lists the following examples of useful pre- 
scriptions Neosynephrme h> drochloride 0 25%, 
Yellow oxide of mercurj in simple e>e ointment 1%, 
APC capsules, benzoic and salicjlic acid ointment, 
A.ureomycin hj drochloride 250 mg capsules, an 
ammonium chloride, wild cherry s>rup, and gly- 
cjrrhiza fluidextract cough sjrup and codeine 
phosphate sjrup with wild cherrj syrup for a pro- 
ductive cough As a specialized text for a particular 
area, this book w ill undoubtedh be \ erj useful 


Psychopathic Personalities Bj Harold Palmer 
Philosophical Librarj, N Y, 1957 179 pp 

14 X 21 cm Price S4 75 

This book presents clinical essay s on the study of 
mental ill health and purposes to achieve a mode of 
presentation of psychiatry acceptable to workers in 
other disciplines including those concerned with the 
management of human beings The text takes up 
Psychopathic personalities. Schizophrenia, De 
pressive states. Obsessions, Hj steria. The epilepsies. 
Tension syndromes. Paranoid states, and Mania 
-An index is appended 


From Sterility to Fertility A Guide to the Causes and 
Cure of Childlessness By Elliot E Philipp 
Philosophical Library, New York, 1957 120 pp 

12 5 X 18 5 cm Price $4 75 
The author, a gynecologist and obstetrician, ob 
serves that this book, in the hands of the laity, 
should not and cannot replace the doctor in dealing 
with infertility The book gives no certain answer 


to the question of infertility, but, intelligently used, 
IS should be able to save lengthy explanations by the 
phy sician as to what he is setting out to do, and it 
should save the patients’ having to ask questions 
that ofcur to them perhaps fifteen minutes after 
leaving the physician The text is simply and 
clearly written, with several diagrammatic drawings 
as aids, and with discussions of different types of 
cases 


Quantitative PliarmaccHlical Chemistry 5th cd 
By Glcnn L Jenkins, John E Christian, and 
George P Hager The Blakiston Division, 
McGravv Hill Book Co , Inc , N Y 1957 xviii 
-t- 552 pp 13 5 X 20 5 cm <Price S8 59 
This excellent combination textbook and labora 
tory manual has been revised to bring the procedures 
and discussions into conformitv with the methods in 
the latest U S P (XV) and N F (X) This fifth 
edition follows the design and sty le that have char- 
acterized the earlier editions of this vvidelv accepted 
textbook, the fourth edition of which was revieiied 
in This Journal, 42, 757(1953) The clarity that 
has featured the explanations of theoretical concepts 
and practical applications is in evidence m the new 
chapters on chromatography and radioactivity under 
phj'sicochemical methods of analj sis The book is 
specifically designed for the instruction of pharmacy 
students and it covers the official quantitative and 
physical analytical methods, classifies the official 
procedures according to type methods of analysis, 
and presents some generallv’ applicable, nonofficial 
methods of analysis 

This book IS a very good reference for the phanna 
ceutical testing laboratory as w ell as being extremely 
well suited as a textbook The format, tvpe, punt- 
ing, and binding are particularly good, and the ap- 
pended index helps the reviewer locate specific pro- 
cedures 


Colliers de Synthese Organique, Methods et Tableaux 
d* Application Yol I By Jean IiIathieu and 
Andr6 Allais with the collaboration of J VallS 
and P Poirier Published under the direction 
ofLeonVelluz MaisonetCie, Pans, 1957 vi + 
232 pp 15x22 cm Price 3,000 fr 
This volume (in French) covers the fixation of a 
functional carbon on an aliphatic chain and on an 
aromatic nucleus Variations of these two main 
classifications are discussed and illustrated, an 
tabulations of many' compounds show starting ma 
terials, products obtained, agents of condensation 
and solvents, and yield The text is liberally docu- 
mented A table of the functional groups and ar 
rangements created is appended The table of con 
tents IS given at the end of the book Libraries use 
by synthetic organic chemists will want this boo 


536 


Scientific Edition 

JOURNAL OF THE 
AMERICAN PHARMACEUTICAL 

ASSOCIATION 


Volume XLVII AUGUST 1958 Number 8 


Antibacterial and Antifungal Properties of 
,3-Naphthol Derivatives V* 

By R. S. BAlCHWAL,t MALATI R. BAICHWAL,t and M. L. KHORANAf 


A detailed study was made on some derivatives of /9-naphthol which have emerged 
as active antibacterial and antifungal compounds from a preliminary screening al- 
ready reported. This included the evaluation of penetration power, influence of 
organic matter, and fungicidal activity. Further tests were carried out on a se- 
leaed group of compounds, and covered such determinations as topical irritation 
and interference in the process of wound healing. The LDso by intraperitoneal 
administration of (5-hexyl-^-naphthol was found to be 127 mg. per Kg. A poten- 
tiation of fungistatic action was observed with a few napbtbol derivatives in formula- 
tions containing known anti-infective agents. _ All compounds seemed to possess 
good penetration power even in ointment vehicles and were nonirritant to the in- 
tact skin of rabbits. The presence of organic matter did not appear to curtail the 
activities of these compounds seriously and the compounds themselves did not 
seem to have any adverse effect on the process of wound healing. The results ob- 
tained from these limited tests indicated that the compounds may prove useful as 
anti-infective agents and hence seem worthy of further toxicity and clinical studies. 


RELiMiNARY SCREENING of a large number of 
derivatives of jS-naphthol for antibacterial and 
antifungal activities showed some compounds to 
exhibit preferential activity against Gram- 
positive bacteria and human pathogenic fungi (1). 
The results suggested further studies on their 
anti-infective properties under a variety of test 
conditions simulating practical conditions of use. 
The selected compounds were evaluated as to 
methods of sterilization, penetration power, 
influence of organic matter, irritation on intact 
skin, interference in healing of wounds, anti- 
inflammatory property, and acute toxicity. 
Further, the antifungal compounds were tested 


* Received February 3, 1958, from the Bombay University 
Department of Chemical Technology# Bombay 19, India. 

This paper is based in part on the theses submitted to the 
University of Bombay by R. S. Baichwal and Malati R. 
Baichwal for the degree of Doctor of Philosophy }n the 
Faculty of Technolog>'. 

t Present address- Faculty of Pharmacy. University of 
Toronto, Toronto, Canada. 

t Reader in Pharmacuetical Chemistry. Bombay Univer- 
sity Department of Chemical Technology, Bombay 19, India. 


for their fungicidal activity, and a few formula- 
tions, containing the selected compounds, for 
their fungistatic action. 

EXPERIMENTAL 

Methods of Sterilization. — Tests were conducted 
to determine whether the active antibacterial com- 
pounds could withstand moist heat sterilization 
without impairment of their bacteriostatic activity. 

Nutrient broth containing the previously deter- 
mined (1) inhibitory concentrations of the test sub- 
stances were autoclaved at 15 Ib. pressure for 
twenty minutes. Results observed following inocu- 
lation of a loopful of a twenty-four hour culture of 
the test organisms and incubation for twenty-four 
to forty-eight hours are recorded in Table I. All 
the bromoanilides were found to lose their activity 
by tliis treatment. However, they retained their 
inhibitory' power after being subjected to dry heat 
sterilization at 150° for one hour. 

Penetration Power. — The agar cup-plate method 
(2) was followed using M. pyogenes var. aureus and 
var. albus as the test organisms. One cubic cent 


538 


Journal or the American Pharmaceutical Association Vol XLVII No 8 


Table I — Bacteriostatic Activity or 0 Napiitiiol Derivatives After Moist Heat Sterii izatiov" 


No 

Cofnpoun<l 

M p , °C 

Af pyogenes 
var aureus 
Concentrat 
10 5 

M pyogenes 
var albus 
ion in pg /cc 

10 5 

1 

3 0 Dibromo /3-naplithol 

127 

— c 




— 

2 

1 3 0-Tribromo-(3-naphthol 

132 

— 

— 


-b'* 

3 

3 4 0 Tribronio-d naphtliol 

128 

— 

— 



4 

6 O'-Dibromo 0 dinaphtliol 

202 

— 



+ 

5 

G-H-Pentyl-/3-n.iphthol 

103 5 

— 

— 

— 


G 

G-«-Hexyl-/i-naphthol 

101 5 

— 

— 

— 


ji 

l-Bromo-2-hydroxy-3-naphthanilidc 

102 

+ 

■f 

-f 

-b 

8‘ 

1 4' Dibromo-2-hydroxy-3-ndphthanihdc 

234 

4- 

4 * 

-f 

-b 

9' 

1 0 Dibromo-2-hj droxy-3-n.iplitlianilidc 

182 

4- 

+ 

+ 

-b 

10*’ 

1 4' 0-Tribromo 2 hj droxj -3 iiaplithanihdc 

218 

+ 

■f 

+ 

+ 


“ riftecn lbs pressure for twenty minutes 

ft KetainccI bacteriostatic activity after dry sterilization at l/>0° for one hour 
— no i,rowth + j^rowth 


meter of a twenty four hour culture was added to 9 
cc of nutrient agar brotti and poured into Petri 
plates containing 20 cc of agar Fine suspensions 
of the test compounds m concentrations of 50, 20, 
and 10 Rg /cc in 5% gum acacia were added to 10 
mm cups previously prepared Diameters of zones 
of complete inhibition were measured after incuba- 
tion for fort> eight hours Table 11 records the 
zone diameters show n at a concentration of 50 fig /cc 
(column I), and the dilTcrcnce in zone diameters be- 
tween those at 50 Mg /cc and 10 Mg /cc concentra 
tions (column II) 

The pcnctrabihtj of the more active compounds 
(Table II), such as 0 « he\vl./3 naphthol, 1 4' 
dibroino , and 1 6 dihronio-2-li5 droxy-3-naph- 
thanilidcs, was evaluated in ointment v'ehicles using 
the base recommended for sterilized cream of peiii- 
cillm, B P 1948, by the agar plate method (3) 
Using M pyogenes lar aureus, the zones of com- 
plete inhibition compared favorabl> with those of 
acriflavme run under similar conditions, and were 
greater than those evhibitcd h> the parent com- 
pound, 0 naphtliol 

For comparison purposes, antifungal compounds 
selected from the preliminarj screening (1) were also 
tested under similar conditions (3) using Tneho 
phylon gypscum as the test organism The tests 
rev'calcd that 8 hv droxj quinoline was the best and 
the other compounds in decreasing order of activity 


Table II — Penetration Power of /3-Napiithol 
Derivatives at a Concentration or 50 /cc 



Af 

P > 0 genes 

M 

pyogenes 

Compound® 

\ar aureus 

var albus 


\h 

lie 

Ift 

lie 

1 

14 

4 

15 

4 

2 

13 

2 5 

13 

3 

3 

12 

2 

12 

2 

4 

10 

0 

10 

0 

5 

lO'" 

0 

13'‘ 

2 5 

G 

10“' 

0 

12' 

2 

7 

17^ 

4 

16' 

5 

8 

17 

2 5 

18 

3 5 

9 

25 

8 

20 

6 

10 

16 

2 

21 

5 


** Numbers rcler to compounds listed in Table I 
I* Average diameter in mm ol the zones of complete inhibi 
tion f s 

r Difference between zone diameter at 50 pg /cc and at 10 
pg /cc 

a Considerable zones of diffused growth were observed 


were, 1-bronio , 0-bromo-, 1 0 dinitro /3-naphthols, 
saltcylamhdc, and uiidccylcnic acid 

Influence of Organic Matter. — The bacteriostatic 
concentrations of the selected compounds (1) were 
determined using twenty-four hour cultures of M 
Pyogenes v.ir aureus and var albus in varjiiig 
amounts such as 0 02 cc to0 2cc (vmblc count, 382 
million/cc ) The inhibitory concentrations were 
found to be the same as dcterinmcd previously (1) 
which indicated that the presence of hcavj inocoltiiii 
had no deleterious effect 

Tests using horse serum as the source of orgiiiic 
matter were conducted with the most promising 
compound, 0 hcxyliiaphthol, on lines similar to those 
used for Itexachlorophenc (4) From the results 
recorded m Table III, it appears that, although the 
presence of serum lowers the antibacterial activitj. 
It is only over short durations However, w hen long 
tune contact is permitted, then it appears tint the 
presence of scrum is not too detrimental Further, 
the loss of activity due to presence of serum could 
be overcome bj increasing the concentration 

The antifungal compounds selected from the pre- 
liminary screening (1) were evaluated using the 
scrum agar cup plate (2) as well as the agar streak 
method (5) The former method was siinihr to 
that described previously ( 1 ) excepting for the addi- 
tion of 10% scrum to the agar mcdiuin From the 
graphs shown in Fig 1 of each substance with the 
log concentration is average diameter of the zone of 
inhibition, comparison of activities can he unde 
For example, C bromo and 1 G-dnutro /S-naphthols 
seem to be superior to 8 hydroxyquinohnc until a 
concentration of 0 25% is reached However, when 
compared w itli sahev lanilide or undccyleinc acid, 
the naphtliol derivatives arc found to show greater 
zone diameters over the entire range of coneentra- 
tion of 0 01 to 5% 

Following the method of Ostcr and Golden (C) 
but using a clearance zone of 3 mm with a cup of 10 
mm and allowing a prehminar 5 incubation of the 
test organism for six hours before the addition of 
the test substances, as followed in these tests, the 
activity coefficients calculated arc as follows unde 
cylcnic acid 0 4, salicylanihdc 10, 8 hjdroxyquino 
line 20, 1-bromonaphtliol 40, 0 -bronionaplithol 40, 
and 1 • G-dinitronaphthol 100 Apparentlj, the 
0 naphtliol derivatives seem to be superior to the 
commonly used antifungal agents under the test 
conditions followed ’ 


August 1958 


Scientific Edition 


539 


Table III.— Effect op Organic Matter on the 
Antibacterial Activity op G-w-Hexyl-|S-naph- 

THOL 


Results'* after Contact with 
M. pyogeius var. aureus for: 
10 3 24 4S 

Amount Tested Min. Hr. Hr. Hr. 

Hexyl-^-naphthol 


1 : 1,000 in Serum 50% 


1,200 

0 

0 

1 : 1,000 in Serum 10% 

1.000 

50 

0 

0 

1 : 1,000 in Serum 0% 

100 

0 

0 

0 

exvl-d-naphthol 





1; 2,000 in Serum 50% 

2.000 

1,500 

10 

0 

1 ; 2,000 in Serum 0% 

250 

100 

0 

0 


“ Test procedure- mixture allowed to stand at 37® for 
times noted, after which a standard loopful was transferred 
to nutrient agar, incubated forty-eight hours, and colonies 
present counted. 

f* Too many to count. 



LOG % CONCENTRATION 

Fig. 1. — Dosage and fungistatic response curves 
of T. gypseuin witli increasing concentrations of 
/St-naphthol derivatives and three commonly used 
antifungal agents. A-A Undecylcnic acid, B-B 
Salicylanilide, C-C 8-HydroxyquinoIine, D-D 
l-BromO'/S-napIitlioI, E-E 6-Bromo-^-naphthoI, and 
F-F 1 :G-Dinitro-/3-naphthol. 

Results obtained using the agar streak method 
(5) in which the agar medium contained 10% horse 
scrum, are recorded in Table I^''. Tlie activity of 
8-hydroxyquinoline against all the fungus patho- 
gens seems to remain unaffected in the presence of 
serum. With the naphthol derivatives this is true 
only when their activities are considered against 
Trichophyton ruhnini and Epidermophyton floccosum. 
However, these compounds which were inhibitor}- 
against the same organisms at a concentration of 10 


pg./cc. in the absence of serum (1) were found to be 
ineffective at the same concentration in the presence 
of serum. 

Fungicidal Tests. — Osterand Golden’s method (G) 
was followed with T. gypseuin as the test organism 
and 1% concentration of the test substances. Re- 
sults after incubation for twenty-one days indicated 
that 1-bromo- and 1 .-G-dinitro-jS-naphthols were 
not fungicidal even with a contact period of ten 
minutes. Other antifungal agents, sucli as un- 
decylenic acid, salicylanilide or S-hydrosyquinoline. 
which were included for comparison purposes, be- 
haved similarly. 6-Bromo-^-naphthol was the 
only compound which n-as fungicidal in these tests. 
Since the compounds were tested at only one con- 
centration, detailed comparisons of activities could 
not be made. 

Irritation Tests. — Ointments containing the test 
substances in various concentrations were rubbed 
every day for six days on marked depilated areas on 
the backs of three healthy rabbits with the oint- 
ment base as the control. The ointments were pre- 
pared according to the method described under pene- 
tration tests. The results indicated that l:G-di- 
brorao- and 1 :4'-dibromo-2-hydroxy-3-naphthani- 
lides were nonirritant even at a concentration of 
5%, while 6-hexyl-d-naphthoI showed some signs 
of irritation. 

Similar tests conducted with the antifungal agents 
revealed that undecylenic acid 5%, 8-hydroxy- 
quinoline 1%, I-bromo- and 6-brorao-naphthols 2%. 
and l:6-dinitronaphthol 1% were all nonirritant. 
Salicylanilide 5%, however, was found to be irritant. 
Before any definite conclusions are drawn, it would 
be worth while to test these compounds again on a 
larger number of animals. 

An attempt was next made to study irritation of 
the bacteriostatic compounds by the "granuloma 
pouch” test of Hans Selye (7, 8). In the pre- 
liminary tests, sterile arachis oil, croton oil, or G- 
hexyl-d-naphthol 1% in arachis oil were injected 
into the prepared pouches (7, S) on different groups 
of rats. The animals were sacrificed after seven 
days, and examination of the pouches indicated that 
only croton oil was irritant and not the compound or 
the base oil. 

With a view to examining wlicthcr the test sub- 
stances possessed any anti-inflammatory action, the 
“granuloma pouch” technique (7, S) was repeated 
by administering the drugs to different groups of 
rats, each containing five rats, as shown in Table V. 
It was observed that the two compounds, 1:6- 
dibromo-2-hydroxy-3-naphthanilide and 6-hexyl-d- 
naphthol showed no anti-inflammatory action. 


Table I\'. — Fungistatic Activity of /S-Xapiithol Derivatives at a Concentration of 50 ;,c./cc. 

DV Acar-Sireak Method 




Trichophyton 

gypseum 

Serum Scrum 

Trichophyton 

rttbrum 

Scrum Scrum 

Eptdertnop hyto it 
jloccosum 

No. 

Compound 

Absent 

Present 

Absent 

Present 

Absent 

Present 

1 

Undecvlenic acid 

-f" 

-1- 


+ 

+ 

-f 

2 

Salicvlanilide 


+ 

— 




.3 

8-Hydroxyquinolinc 

— 

— 

— 


— 


4 

1-Bromo-d-iiaphthol 

... 

-f 


~ 

— 

-t- 

0 

G-Bromo-d-naphthoI 

— 

-1- 


— 



G 

1 :G-Dinitro-d-naphtho! 

— 

+ 

— 

“ 

- 

— 


® +, growth. no growth. 
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Table V. — Anti-inflammatory Activity of 
^-Naphthol Derivatives 


Groups Treatment 

Quan- 

tity 

In- 

jected, 

ml. 

Bxudate, 

ml.. 

After 

Ten 

Days 

I 

Arachis oil 

0.5 

1.2 

II 

1% Croton oil" 

0.5 

13 ± 1.5 

HI 

1% Croton oil“ 

0.5 

13 ± 1.5 

IV 

and 0.5% 6-n- 
hexyl-/3-uaphthol“ 

1% Croton oil" 

O O 

cn cn 

13 ± 1 5 


and 0.5% l:6-di- 

bromo-2-hydroxy-3- 

naphthanilide" 

0,5'’ 



° Dissolved in sterile arachis oil. 

f> Same quantity injected again after three days. 


However, they did not seem to contribute any added 
irritation due to their presence. 

Wound Healing Tests. — For this purpose, Carrell 
and Hartmann’s technique (9) used by Dodd and co- 
workers (10) was followed by using healthy rats in- 
stead of rabbits. Three male rats of average body 
weight of 125 Gm. were depilated, allowed to rest 
for twenty-four hours, anesthetized, and two exci- 
sions made on opposite sides of the dorsal midline. 
One of the wounds was treated with an ointment 
containing the test substance and the other with the 
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base serving as control. The rest of the procedure 
was similar to that described by Dodd, et al. (10). 
From the results recorded in Table VI, it is ap- 
parent that 6-hexyl-j8-naphthol and 1 : 6-dibromo-2- 
hydroxy-3-naphthanilide do not interfere with the 
process of epithelization in concentrations of 1% 
and 5%. However, wounds treated with 1:4'- 
dibromo-2-hydroxy-3-naphthanilide, even at 1% 
concentration require two days more for healing 
than the control wounds. 

In case of antifungal compounds, it was ob- 
served that, with all the compounds tested, the days 
required for the healing of the test and control 
wounds were the same. Salicylanilide and 6- 
bromonaphthol which showed some signs of irrita- 
tion on intact skin of rabbits when applied in the 
form of 5% ointments, had no adverse effect on the 
process of wound healing (Table VI). 

Toxicity Tests. — An acute toxicity test was carried 
out with 6-hexyl-/3-naphthol using different routes 
of administration. A stock solution of the sub- 
stance was prepared using 0.1% Tween 80 and 
sterilized by autoclaving. Oral administration in 
doses up to 1 Gm./Kg. showed no toxicity to mice. 
When administered intravenously, doses up to 40 
mg./Kg. were found to have no harmful effects. 
The LDto by intraperitoneal route was of the order 
of 127 mg./Kg. 


Table VI. — Data on Wounds Treated with /3-Naphthol Derivatives and Control Wounds 


Substance 

Applied 

Concn. 

% in 
Oint- 
ment 

2 

3 

Av, Area in Sq. Cm. of Unhealed Wounds After — 
4 5 0 7 8 9 

— days 
10 

11 

12 

6" 

1 T 

0.90 


1.03 


0.86 


0.55 


0.23 


0.06' 


C 

1.23 


1.33 


1.00 


0.60 


0.26 


0.06' 


5T 

1.10 


1.20 


0.76 


0.50 


0.50 


0.23' 


C 

1 03 


1.16 


0.76 


0.60 


0.56 


0.26' 

8" 

1 T 

1.10 


0.73 


0.56 


0.50 


0.40 


0.16' 


C 

0 93 


0.70 


0.56 


0.36 


0.10 


0 


5T 

1.0 


0.63 


0.53 


0.43 


0.33 


0.16' 


C 

1.03 


0.76 


0.60 


0.30 


0.08 


0 

9" 

1 T 

1.73 


1.16 


0.46 


0.26 


0.08 


0 


C 

1.60 


1.16 


0.50 


0.23 


0.08 


0 


5T 

1.96 


1.00 


0.60 


0.33 


0.10 


0 


C 

2.00 


1.30 


0.63 


0.43 


0.20 


0 

F 

5T 


0.40 


0.16 


0.13 



0 




C 


0.25 


0.20 


0.10 



0 




2 T 


0.46 


0.33 


0.20 



0.03 

0 



c 


0.20 


0.20 


0.10 



0 

0 


2^ 

5T 

0.83 


0.6 


0.50 



0.33 


O.l'i 



C 

0.60 


0.45 


0.35 



0.20 


O.l”* 



2T 

1.00 


0.73 


0.66 



0.40 


0.2'i 



C 

0.65 


0.65 


0.45 



0.15 


0.05'' 


3'’ 

1 T 


1.1 


0.66 



0.28 



0.13'' 



C 


0.6 


0.5 



0.20 



0.10'' 



0.5T 


1.0 


0.75 



0.55 



0.15“' 


4'' 

5T 

0.90 


0.60 


0.40 



0.26 


0.06'' 



C 

0.60 


0.45 


0.35 



0.20 


0.10'' 



2 T 

0.60 


0.46 


0.26 



0.13 


0.06'' 



c 

0.65 


0.65 


0.45 



0.15 


0.05'' 


S'* 

5T 


1.50 


1.10 


0.73 



0.26 


0.20' 


C 


1.70 


1.10 


0.89 



0.43 


0.23' 


2 T 


0.60 


0.36 


0.30 


0.1 



0 


c 


0.63 


0.40 


0.23 


0.1 



0 

6'' 

1 T 


0.40 


0.20 


0.15 



0.10 


0 


C 


0.30 


0.20 


0.15 



0.10 


0 


0.5T 


0.20 


0.20 


0.10 



0 


0 


C 


0.20 


0.20 


0.10 



0.10 


0 


° Numbers refer to compounds listed in Table I. 

Numbers refer to compounds listed in Table IV. 

® Complete healing on fourteenth day. Complete healing on thirteenth day. 

e Complete healing on sixteenth day. T Test. C ^ntrol. 
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Formulations. — In order to determine the syner- 
gistic or antagonistic behavior of the selected anti- 
fungal compounds, different formulations were pre- 
pared, containing a few commonly used antifungal 
agents The two most effective antibacterial com- 
pounds as shown by these studies w ere incorporated 
in some of the mixtures 

The serum agar-cup-plale method described 
earlier was used with T gypscum as the test or- 
ganism For every formulation two mixtures were 
prepared; one of these (a) contained that concen- 
tration of each substance which was able to produce 
a zone diameter of 16 mm as determined previously 
(see under influence of organic matter) and the other 
(6) one-half of those concentrations. Hence if a zone 
diameter of more than 16 mm was shown by mix- 
ture (a), and at least 16 mm by mixture (6), the 
test substances in those mixtures were considered 
to be synergistic in their action. Where antibac- 
terial compounds were added in the mixtures, the 
concentrations used were twenty times their mini- 
mum inliibition concentrations against M. pyogenes 
var aureus, determined previously (1) 

The results recorded in Table Vll indicate that 6- 
bromo- and l;6-dinitronaphthols appear to be 
synergistic with some of the known antifungal 
agents studied. Similar behavior is shown by 6- 
hexyl-/3-naphthol wlien combined with 8-hydroxy- 
quinoline Further detailed studies on these and 
other combinations are in progress 

SUMMARY 

Some derivatives of ff-naphthol selected from a 
previously reported preliminary antibacterial 
and antifungal screening have been evaluated 
for their potential value as anti-infective agents. 
Methods of sterilization, penetration power, 
influence of organic matter, and fungicidal acti- 
vity were some of the properties examined. 
The more effective antibacterial compounds, 
such as G-«-hcxyl-/S-naphthol, 1 4'-, and 1 0- 
dibromo-2-hydroxy-3-naphthaniUdcs, and the 
antifungal compounds, 1-bronio-, 6-bronio-. and 
1 ()-dinitrn-)3 n.iphthols, have also been studied 
for topical irritation and interference in the 
process of epilhehzalion. Furthci, the anti- 
infiainmatory activity and the acute toxicity of 
the bactci iost.ilic conipoinids have been dctcr- 
niincd. FmuHy, some formulations containing 
the naiihlhol dcrivatix'cs and certain known anti- 
fungal agents were examined for aii)’ potentiation 
of fungistatic action. 

1-Brorao-, 6-bromO', 1 . C-dinitro-, and O-ii- 
hexjd-^-naphthols and 1 :G-dibrorao-2-hydrox3"- 


Table VII. — Fungistatic Acttvity of FoRxnjLA- 
TioNS Containing P-Naphthol Derix’atix-es and 
Known Antifungal Agents 


Conen , 

Respecti\ , A% Zone 



in Final 

Diameter, mm 

Porniulation 

Mixture, % 

I” 

lit 

UDA & SA 

2 5. 0 1 

14 0 

13 0 

UDA & 8Q 

2 5 , 0 05 

IT 0 

15 5 

SA&8Q 

0 10. 0 05 

19 0 

15 0 

UDA & 6-Br 

2 5. 0 025 

15 0 

14 5 

TJDA & Dinitro 

2 5. 0 010 

15 5 

15 0 

UDA & 6-Br & 

2 5. 0 025, 



Dinitro 

0 010 

14 0 

14 0 

SA & 6-Br 

0 1, 0 025 

17 0 

14 0 

SA & Dinitro 

0 1, 0 01 

17 0 

14 0 

SA & DiBr 

0 1, 0 001 

15 0 

13 0 

8Q & 6-Br 

0 05, 0 025 

IS 0 

16 0 

8Q & Dinitro 

0 05, 0 01 

18 0 

15 0 

SQ & Hexyl 

0 05, 0 005 

19 0 

14 5 


“ With concentration*; gnen m column J 
b With half the concentrations given m column 2 
UDA ~ Undecjlenic acid, fi Br = fi Bromo tJ naphthol 
Dinitro » 1 C'Dinitro ff naphthol DiBr =10 Dibrnmo J 
hydroxy “3*naphthanilide, Hewl = (I n Hex^l 0 naphthol 
SA «= Salic>lamhde, and SQ « 8 H5 droxj qmnolmc 


3-naphthanilide were found to possess good pcnc 
tration power in the form of ointments and were 
nonirritant to the intact skin of rabbits Tiiev 
did not seem to interfere in the process of healing 
of xvounds nor were their activities senouslv 
affected by organic matter. A synergistic action 
of some of these compounds was obsen-ed in 
formulations containing certain useful antifungal 
agents The LDw by intrapentoneal administra- 
tion of 6-hexyl-8-naphthol was of the order of 
127 mg./Kg. It appears from tliese results that 
the compounds may prove to be useful anti 
infective agents and hence merit clinical sludv. 
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Table V. — Anti-inflammatory Activity of 
/3-Naphthol Derivatives 


Group 

s Treatment 

Quan- 

tity 

In- 

jected, 

ml. 

Exudate, 

ml., 

After 

Ten 

Days 

I 

Arachis oil 

0.5 

1.2 

II 

1% Croton oiF 

0.5 

13 ± 1.5 

III 

1% Croton oil” 

0.5 

13 ± 1.5 

IV 

and 0.5% 6-n- 
hexyl-/3-naphthol'’ 

1% Croton oil” 

0.5*’ 

0.5 

13 ±1.5 


and 0.5% 1 :6-di- 

bromo-2-hydroxy-3- 

naphthanilide” 

0.5‘ 



° Dissolved in sterile arachis oil. 

Same quantity injected again after three days. 


However, they did not seem to contribute any added 
irritation due to their presence. 

Wound Healing Tests. — For this purpose, Carrell 
and Hartmann’s technique (9) used by Dodd and co- 
workers (10) was followed by using healthy rats in- 
stead of rabbits. Three male rats of average body 
weight of 125 Gm. were depilated, allowed to rest 
for twenty-four hours, anesthetized, and two exci- 
sions made on opposite sides of the dorsal midline. 
One of the wounds was treated with an ointment 
containing the test substance and the other ivith the 


base serving as control. The rest of the procedure 
was similar to that described by Dodd, el al. (10). 
From the results recorded in Table VI, it is ap- 
parent that 6-hexyl-;S-naphthol and 1 : 6-dibromo-2- 
hydroxy-3-naphthanilide do not interfere with the 
process of epithelization in concentrations of 1% 
and 5%. However, wounds treated with 1;4'- 
dibromo-2-hydroxy-3-naphthanilide, even at 1% 
concentration require two days more for healing 
than the control wounds. 

In case of antifungal compounds, it was ob- 
served that, with all the compounds tested, the days 
required for the healing of the test and control 
wounds were the same. Salicylanilide and 6- 
bromonaphthol which showed some signs of irrita- 
tion on intact skin of rabbits when applied in the 
form of 5% ointments, had no adverse effect on the 
process of wound healing (Table VI). 

Toxicity Tests. — -An acute toxicity test was carried 
out with 6-hexyl-/3-naphthol using different routes 
of administration. A stock solution of the sub- 
stance was prepared using 0.1% Tween 80 and 
sterilized by autoclaving. Oral administration in 
doses up to 1 Gm./Kg. showed no toxicity to mice. 
When administered intravenously, doses up to 40 
mg./Kg. were found to have no harmful effects. 
The LDeo by intraperitoneal route was of the order 
of 127 mg./Kg. 


Table VI. — Data on Wounds Treated with P-Naphthol Derivatives and Control Wounds 


Substance 

Applied 

Concn. 
% in 
Oint- 
ment 

2 

3 

Av, Area in Sq. Cm. of Unhealed Wounds After — 
4 5 G 7 8 9 

— days 
10 

n 

12 

6- 

1 T 

0.96 


1.03 


0.86 


0.55 


0.23 


0.06' 


C 

1.23 


1.33 


1.00 


0.60 


0.26 


0.06' 


5T 

1,10 


1.20 


0.76 


0,50 


0.50 


0.23' 


C 

1.03 


1.16 


0.76 


0.60 


0.56 


0.26' 

S” 

IT 

1.10 


0.73 


0.56 


0.50 


0.40 


0.16' 


C 

0 93 


0.70 


0.56 


0.36 


0.10 


0 


5T 

1.0 


0.63 


0.53 


0.43 


0.33 


0.16' 


C 

1.03 


0.76 


0.60 


0.30 


0.08 


0 

9“ 

1 T 

1.73 


1.16 


0.46 


0.26 


0.08 


0 


C 

1.60 


1.16 


0.50 


0.23 


0.08 


0 


5T 

1.96 


1.00 


0.60 


0.33 


0.10 


0 


C 

2.00 


1.30 


0.63 


0.43 


0.20 


0 

I*- 

5T 


0,40 


0.16 


0.13 



0 




C 


0.25 


0.20 


0,10 



0 




2T 


0.46 


0.33 


0.20 



0.03 

0 



C 


0.20 


0.20 


0.10 



0 

0 


2'> 

5T 

0.83 


0.6 


0.50 



0.33 


0.1’' 



C 

0.60 


0.45 


0.35 



0.20 


O.!** 



2T 

1.00 


0.73 


0.66 



0.40 


0,2'' 



C 

0.65 


0.65 


0.45 



0.15 


0.05'' 


3‘ 

IT 


1.1 


0.66 



0.28 



0.13'' 



C 


0.6 


0.5 



0.20 



0.10'' 



0.5T 


1,0 


0.75 



0.55 



0.15'' 


4'’ 

5T 

0.90 


0.60 


0.40 



0.26 


0.06'' 



C 

0.60 


0.45 


0.35 



0.20 


O.IC* 



2 T 

0.60 


0.46 


0-26 



0.13 


0.06'' 



c 

0.65 


0.65 


0.45 



0.15 


0.05'' 


5'’ 

5T 


i.s'o 


1.10 


0.73 



0.26 


0.20' 


C 


1.70 


1.10 


0.80 



0.43 


0.23' 


2T 


0.60 


0.36 


0.30 


0.1 



0 


C 


0.63 


0.40 


0.23 


0.1 



0 


1 T 


0.40 


0.20 


0.15 



d.io 


0 


C 


0.30 


0.20 


0.15 



0.10 


0 


0.5T 


0.20 


0.20 


0.10 



0 


0 


C 


0.20 


0.20 


0.10 



0.10 


0 


“ Numbers refer to compounds listed in Table I. 
ft Numbers refer to compounds listed in Table IV. 

Complete healing on fourteenth day. d Complete healing on thirteenth day. 
« Complete healing on sixteenth day. T Test. C Control, 
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Ponnulations. — In order to determine the syner- 
gistic or antagonistic behavior of the selected anti- 
fungal compounds, different formulations were pre- 
pared, containing a few commonly used antifungal 
agents. The two most effective antibacterial com- 
pounds as shown by these studies were incorporated 
in some of the mixtures. 

The serum agar-cup-plate method described 
earlier was used with T. gypseuvt as the test or- 
ganism. For every formulation two mixtures were 
prepared; one of these (o) contained that concen- 
tration of each substance which was able to produce 
a zone diameter of 16 mm. as determined previously 
(see under influence of organic matter) and the other 
(6) one-half of those concentrations. Hence if a zone 
diameter of more than 16 mm.was shown by mix- 
ture (o), and at least 16 mm. by mixture (5), the 
test substances in those mixtures were considered 
to be synergistic in their action. Where antibac- 
terial compounds were added in tlie mixtures, the 
concentrations used were twenty times their mini- 
mum inhibition concentrations against M. pyogenes 
var. aureus, determined previously (1). 

The results recorded in Table VII indicate that 6- 
brorao- and 1 :6-dinitronaphthols appear to be 
synergistic with some of the known antifungal 
agents studied. Similar behavior is shown by 6- 
hexyl-d-naphthol when combined with 8-hydroxy- 
quinoline. Further detailed studies on these and 
other combinations are in progress. 

SUMMARY 

Some derivatives of fl-naphthol selected from a 
previously reported preliminary antibacterial 
and antifungal screening have been evaluated 
for their potential value as anti-infective agents. 
Methods of sterilization, penetration power, 
influence of organic matter, and fungicidal acti- 
vity were some of the properties examined, 
The more effective antibacterial compounds, 
such as 6-«-hexyl-)3-naphthol, 1;4'-, and 1:6- 
dibromo-2-hydroxy-3-naphthanil!dcs, and the 
antifungal compounds, 1-bromo-, G-bronio-, and 
I ;()-dinitrn-d-naphthols, have also been studied 
for topical irritation and interference in the 
process of epithclization. Further, the anti- 
iiiflamnialnry activity and the acute toxicity of 
the Iwctcriostalic compounds have i)ccn dctcr- 
niincd. Finally, some formulations containing 
the naplitliol derivatives and certain known anti- 
fungal agents were examined for any potentiation 
of fungistatic action. 

1-Bromo-, C-bromo-, l;6-dimtro-, and G-w- 
hexyl-fl-naphthols and 1 ; 6-dibromo-2-hydroxy- 


Tabub VII. — Fungistatic Activity of Formula- 
tions Containing ^-Naphthol Derivatives and 
Known Antifungal Agents 



Conen., 

Respectively, 

Av. 

Zone 


in Final 

Diameter, mm. 

Formulation 

Mixture, % 

1“ 

lib 

UDA & SA 

2.5, 0.1 

14.0 

13.0 

UDA & &Q 

2.5, 0.05 

17.0 

15.5 

SA&8Q 

0.10, 0.05 

19.0 

15.0 

UDA & 6-Br 

2.5, 0.025 

15.0 

14.6 

UDA & Dinitro 

2.5, 0.010 

15.5 

15.0 

UDA & 6-Br & 
Dinitro 

2.5, 0.025, 
0.010 

14.0 

14.0 

SA & 6-Br 

0.1, 0.025 

17.0 

14.0 

SA & Dinitro 

0.1, 0.01 

17.0 

14.0 

SA & DiBr 

0.1, 0.001 

15.0 

13.5 

8Q & 6-Br 

0.05, 0.025 

18.0 

16.0 

8Q & Dinitro 

0.05, 0.01 

18.0 

15.0 

8Q & Hexyl 

0.05, 0.005 

19.0 

14.5 


" With concentrations given in column 2, 

With half the concentrations given in column 2. 

UDA. = Undecylcnic acid; 6-‘Br « G*Btomo-^>naphthol; 
Dinitro *= l;6'Dinitro-^*naphthol; DiBr = l:6*Dibromo-2- 
hydroxy-3-naphthanilide; Hexyl = C*«-Hexyl-^-naphthol; 
SA “ Salicylanlltde; and 8Q « 8-Hydroxyquinoline. 


3-naphthanilide were found to possess good pene 
tration power in the form of ointments and were 
nonirritant to the intact skin of rabbits. They 
did not seem to interfere in the process of healing 
of wounds nor were their activities seriously 
affected by organic matter. A synergistic action 
of Some of these compounds was observed in 
formulations containing certain useful antifungal 
agents. The LDk, by intraperitoneal administra- 
tion of 6-hexy!-d-naphthoi ivas of the order of 
127 mg./Kg. It appears from these results that 
the compounds maj' prove to be useful anti- 
infective agents and hence merit clinical study. 
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The Excretion and Tissue Distribution of C^'^-Carbonyl 

Salicylamide in the Rat* 


By WILLIAM F. BOUSQUET and JOHN E. CHRISTIAN 

This investigation was undertaken to determine the excretion and tissue distribu- 
tion of C”-carbonyl labeled salicylamide and its metabolites in the rat. Twenty- 
four hours following the administration of 250 mg./Kg. of salicylamide containing 
2.3 5 Aic. of C“, 96.9 per cent of the administered radioactivity was found in the urine. 
Thirty minutes following the oral administration of 250 mg./Kg. of the compound 
containing 4.35 gc. of C“ the greatest quantity of the drug and its metabolites was 
found in the kidney. The brain-plasma ratio expressed on a dry weight basis was 

found to be 1.72. 


^ I 'he analgetic value of salicylamide is well 
recognized (1,2) and has been reported by 
some workers to be greater than that of aspirin 
(3) It appears that salicylamide differs greatly 
from other members of the salicylate group of 
drugs m its metabolism and mode of action 
The findings of Brodie and Szekely (4) would 
indicate that the compound is not converted to 
salicylate in the animal body 

Salicylamide seems to be free of the untoward 
effects often noted with aspinn therapy (o, G) 
The compound appears to be well absorbed and 
no gastric ulceration has been noted upon pro- 
longed administration Changes in red and 
white cell counts or in prothrombin time have 
not been reported to occur with salicylamide 
therapy (G) 

The overall excretory pattern of salicylamide 
was studied by administering the drug labeled 
with C” to rats, collecting the urine and feces 
separately over a period of twenty-four hours, 
and analyzing the excretion products for their 
radioactive content 

To determine the tissue distribution of the 
drug and/or its metabolites various tissues and 
organs were taken for assay thirty minutes 
following the oral administration of the com- 
pound labeled wth These organs and tissues 
were then brought into a suitable form for 
analysis and their radioactive content de- 
termined 

EXPERIMENTAL 

Synthesis of C ‘■'-Carbonyl Salicylamide. — The 
labeled compound used in this study was prepared 
using C‘^-carboxyl salicylic acid previously symtlie- 
sized in this laboratory by Borst and Christian (7) 
The procedure reported by Mandel, el al (8), was 
modified for use m this nork The synthesis was 
carried out by refluxiug 0 5648 Gm of C‘^ carboxyl 

* Received February 20 1958, from the Bio Nucleonics 
Laboratory, School of Pharmacy, Purdue Uni\ersity 
Lafayette, Ind 

Presented to the Pharmacy Section AAAS Indianapolis 
Meeting, December, 1957 


salicylic acid representing 1 51 X 10’ d p m of 
radioactivity nitli 8 0 ml of absolute methanol for 
twenty-four hours in the presence of one drop of 
concentrated sulfuric acid When the refluxing 
period was complete 10 ml of cooled 28% ammonia 
solution was added to the reaction mixture and the 
flask shaken mechanically for eighteen hours 

The reaction mixture was then cooled in an ice 
bath and the salicylamide and unreacted salicylic 
acid precipitated by addition of cold 20% hydro 
chloric acid added dropwise After refrigeration 
for two days during which time cold 20% Indro 
chloric acid was added intermittently to insure com 
pleteness of precipitation, the mixture was suction 
filtered and the salicylamide and unreacted sahcilic 
acid collected The filtrate and washings were then 
concentrated, cooled, and allowed to crystallize 
This procedure was repeated three times All solid 
material obtained m the crystallizations was coin 
bined and this material was then treated with a 
saturated solution of sodium carbonate to remoie 
any' free salicylic acid present Total yield of C" 
carbonyl salicylamide was 0 4039 Gm or 72% of 

theory before recry'stallization Recrystalhzation 
from w ater yielded 0 2960 Gm of material having a 
melting point of 140° (M M P -K) which is m 
agreement with the literature value for salicylamide 
(9) Total yield of purified product was 52% of 
theory 

Demonstration of Chemical and Radiochemical 
Purity. — Purity' of the labeled compound was as 
certamed by' subjecting it to chromatograpliic and 
autoradiographic analy'sis An acetone solution of 
the sxntliesized C'Ucarboiiyl salicy'laimde was pre 
pared in a concentration of 30 gamma per 5 lambda 
A 5 lambda sample of this solution was chromato 
graphed on Whatman No 1 paper using the descend 
mg method of paper partition chromatography 
The solvent system employed was benzene glacia 
acetic acid-water (40 40 20) Reference samples 
of unlabeled salicy'Iic acid and salicy'laimde were 
run as controls on the same paper The Rt value 
of the synthesized C"-carbonyl sahcy'laraide was 
determined to be 1 0, indicating that the labele 
compound was identical w ith the sahcj'lamide re er 
ence compound No salicylic acid could be demon- 
strated to be present m the sy'nthesized C car 
bonyl salicylamide upon color development of ic 
chromatogram w ith a 1 % solution of ferric chlont c 

To demonstrate the absence of radiocheniica ini 
purities in the sy nthcsized compound an autorat lo 
gram of the chromatograin w as prepared Eastman 
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Kodak “No-Screeti” X-ray film was used in prepar- 
ing the autoradiogram and the exposure time was 
calculated on the basis of tlie known activity pres- 
ent on the chromatogram. Upon film development 
there was present but one spot showing that there 
were no radiochemical impurities present in the 
synthesized product. 

Activity Determination. — Samples of the synthe- 
sized C'^-carbonyl salicylaraide were dissolved in 
acetone for determination of their specific activities. 
The activity' of aliquots of the synthesized C**- 
carbonyl salicylamide showed that the product had a 
specific activity of I.IS fic./mg. 

Studies of Salicylamide Excretion. — ^To each of 
five white female rats of the Purdue-Wistar strain 
(average weight of each was 202 Gm.) was adminis- 
tered 250 mg./Kg. of salicylamide containing 2.35 
fic. of C“. Sufficient labeled material to give the 
desired activity was ground in a glass mortar with 
unlabeled salicylamide, rvetted with a few drops of 
Aerosol OT,® and suspended with the aid of a 0.6% 
solution of Kelgin XL.’ The suspension was ad- 
ministered to the animals by means of a stomach 
tube. 

Upon administration of the drug each animal was 
placed in a metabolism chamber similar to that de- 
scribed by Roth, el al. (10). which is equipped to 
mechanically separate the urine and the feces. 
For sixteen hours prior to determining salicylamide 
excretion and during the entire twenty-four hour 
period of study the animals were allowed water 
freely but food was withheld. The animal was held 
in the chamber and the urine and feces collected 
over a twenty-four hour period. 

The urine and feces samples from tlie five animals 
were pooled and the aliquot assayed taken as a repre- 
sentative sample of the excretory products of the 
five animals. The feces sample was homogenized 
with 10% nitric acid to provide uniform sampling. 
Samples of the excretion products were then de- 
posited on aluminum counting planchets of 7.31 
cm.’ area, and the radioactivity of the samples deter- 
mined with the counting set up as previously de- 
scribed. 

Upon assay of the excretory samples it was found 
that 96.9% of the administered radioactivity was 
excreted in the urine and that 0.61% was found in 
the feces. Clearly, then, the kidney represents the 
organ of excretion of this drug. 

Detennination of the Tissue Distribution of C*’- 
Carbonyl Salicylamide and/or Its Metabolites. — 
In order to determine the distribution in the animal 
body of salicylamide and/or its metabolites a dose 
of salicylamide corresponding to 260 mg./Kg. and 
containing 4.35 /ic. of C” was administered to five 
white female rats of the Purdue-Wistar strain, the 
average weight of which was 211 Gm. Prior to ad- 
ministration of the drug the animals were fasted for 
twenty-two hours but were allowed water freclj'. 


^ All radio.ictivUy determinations in this work were made 
utiliring a Nuclear Instrument and Chemical Corp. end win- 
dow lube of l.d mK./cm.t thickness in combination with a 
Rndiation Instrument Development Laboratories Model 512 
decade scalini; unit. The tube was shielded with lead, the 
backcronnd ranging from 12-18 c. p. m. The cfficiencv of 
this counting set up for C" was determined as being 
ntdizing n National linrcau of Standards C" Sodium Car- 
bonate Standard. 

t Amcric.in Cyanuniid Co 

• Sodium Alginate, Low Viscosity. Keleo Co., N. Y. 


The drug was prepared and administered as pre- 
viously described. Thirty minutes later the animals 
were sacrificed by decapitation, the blood being col- 
lected and pooled in a graduated centrifuge tube 
containing ammonium oxalate solution. The blood 
was centrifuged at 3,000 r. p. m. for thirty minutes 
and the clear plasma removed by means of a pipet. 
To tlie red blood ceils remaining was added an equal 
volume of distilled water in which the cells were 
allowed to hcmolyze for ten hours. 

The heart, lung, spleen, liver, adrenals, brain, and 
kidneys of the animals were removed, pooled, and 
homogenates prepared in 10% nitric acid with the 
aid of a tissue grinder. The homogenates were pre- 
pared such that a 0.250-ml. sample would contain 
approximately 10 mg. of dry weight of tissue. 
Tissue and blood samples were prepared in duplicate 
for determination of their specific activities. All 
samples were corrected for self absorption, back- 
ground, and efficiency of the counting set up. 
Counting was carried out sufficiently long to pro- 
vide results within a maximum error of 5%. 
Table I presents the data obtained. The figures 
given are a numerical average of duplicate deter- 
minations. 


Table I. — Tissue Distribution of Salicylamide 
AND Its Metabolites Thirty Minutes After 
THE Oral Administration of C”-Carbonyl Sali- 
cylamide TO THE Rat 


Activ- 


Sample 

ity. 

d, p. m./ 
mg., 
Wet 
Wt. 

Activity, 
d. p. m./ 
nig., 
Dry 

Wt. 

Tissue- 
Plasma 
Katio, 
Wet Wt. 
Basis 

Tissue- 
plasma 
Ratio, 
Dry Wt. 
Basis 

Plasma 

32 

532 

1.00 

1.00 

R. B. C. 


195 


0.36 

Kidney 

296 

1,435 

9.20 

2.70 

Brain 

218 

917 

6.50 

1.72 

Heart 

168 

672 

5.25 

1.36 

Lung 

53 

271 

1.65 

0.51 

Spleen 

118 

503 

3.70 

0.94 

Liver 

73 

306 

2.25 

0.67 

Adrenal 

29 

141 

0.90 

0.26 


DISCUSSION 

From the results obtained in the determination of 
the excretion of salicylamide and its metahoUtes it is 
clear that urinary excretion plays the major role in 
this species. The low level of activity found in the 
feces is undoubtedly due to contamination by urine 
and does not indicate c.xcretion of the drug by this 
route. 

It appears significant that saliclyamide and/or its 
metabolites are found in brain tissue in relatively 
higher concentration than in other tissues with the 
exception of tlie kidney. This accumulation war- 
rants further studies as a possible explanation of the 
higher level of analgetic activity of salicylamide as 
opposed to others of the s.Tlicylate group of drugs 
reported by several autliors (1-3). 

SUMMARY 

The synthesis of C'^-carbonyl salicylamide 
from C’Lcarbo.xyl salicylic acid by a modification 
of the procedure of Mandcl, cl al. (8), has been 
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described. Identification and radiochemical 
purity have been established by a combination 
of chromatography and autoradiographjL 

A study of sahcylamide excretion during a 
twenty-four hour period following the oral ad- 
ministration of 250 mg /Kg. of sahcylamide con- 
taining 2 35 /Jic of C*'* in the presence of a non- 
ionic surfactant revealed that 96.9 per cent of 
the administered dose was excreted in the urine 
and that 0.61 per cent was found in the feces. 

The tissue distribution of sahcylamide and its 
metabolites in the rat thirty minutes after the 
oral administration of 250 mg /Kg. of salicyl- 
amide containing 4 35 juc. of C'"* in each dose and 
in the presence of a nonionic surfactant has been 
determined for the lung, heart, kidney, brain, 
liver, spleen, adrenals, plasma, and the red blood 
cells. The greatest accumulation of the drug 
and/or its metabolites was found in the kidney. 


The relatively high concentration of the drug in 
the brain tissue is indicative of the ability of this 
drug to penetrate the blood-brain barrier to a 
greater extent than has been reported for the 
salicylates. 
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A Histological Study of Some Mucilaginous Seeds* 

By MAHMOUD D. SAYEDf and JACK L. BEAL 

A description of the morphology and histology of the seeds of Kentucky colfee- 
tree, thornless honey locust, and sweet basil is given. Mucilage is located in 
the endosperm of the first two seeds, and in the epidermis of the seed coat of the 

third. 


ECONOMIC BiPORTANCE as well as the 
pharmaceutical and therapeutic importance 
of certain types of mucilaginous seeds is a well- 
established fact This paper concerns a histo- 
logical study of mucilaginous seeds of three 
different plants They are Gymnocladu'; dinica 
(L ) Koch, kentuckv coffee-tree. Glcdtism 
liiacanthns L var uiennis, thornless honey 
locust, and Ocimum basthcinn L , sweet basil. 
The seeds of these plants are of potential com- 
mercial importance since seeds of the first two 
possess a mucilage similar to guar mucilage while 
the third is more of the order of plantago seeds. 
Current research is being carried out at this in- 
stitution on the physical properties and the 
chemistry of the mucilage of these seeds. It is 
anticipated that the results will be published at a 
later date. 

KENTUCKY COFFEE-TREE 
Gymnodadus dioica (L.) Koch of the Leguntinosae 


*Recei\ed Januarj' 22, 1958, from the College of Phar- 
macy, The Ohio State University, Columbus 10 

t Present address Faculty of Pharmacy, Cairo Uni\ ersity, 
Cairo, Egypt 


family, commonly known as the kentucky coffee- 
tree, is a tree 20 to 25 meters in height. It has bi- 
pinnatc leaves; the leaflets being ovate or oval and 
range from 2 0 to 7 0 cm long The flowers are 
terminal racemes and are described as polygamous, 
regular The fruits are pods, being flat and oblong 
with a very hard texture (1) 

Morphology of the Seed. — Kentucky coffee 
beans. Fig 1, arc very hard button-shaped seeds 
\arying from 1 5 to 2 5 cm in length, and 0 3 to 0 •> 
cm in thickness The seed coat is smooth and dark 
brown in color. On the circumference, there is an 
oval depression marking the position of inicropyle 
and liilura. The seed is albuminous. The endo- 
sperm is mucilaginous and swells enormously ivhen 
brought in contact with water. 

A longitudinal section parallel to the flat surface, 
Fig. 1,^ shows a large circular cotyledon, filling most 
of the concavity of the seed, and a small conical 
radicle directed toward the micropyle. The erabrj'o 
IS surrounded by a narrow translucent mucilaginous 
endosperm. 

Histology. — The seed coat consists of an epi 
dermis, a hypodermis, an intermediate (nutrient) 
layer, and an innermost collapsed laj’cr. 

The epidermis. Fig. 2, consists of palisadc-hke 

' The pictures in this paper were photostated h> dw 
Photography Department, The Ohio State University 
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cells varyiug from 18.5 to 23.0^ in height and from 
0.9 to 1.2/1 in thickness. They have thick ccllulosic 
walls and are covered with a thick cuticle. In sur- 
face view. Fig. 3, the epidermal cells appear poly- 




Fig. 1. — -Kentucky coffee. X3. Longitudinal 
section (L. S.) ; cotyledon (Cot.) ; endosperm 
(End.); radicle (Rad.). X2. 




Fig. 2.-^Transvcr5c section of Kentucky coffee 
seed. Epidermis (Ep.); hj-podermis (Hp.); inter- 
mediate parenchj-ma (Par.); inner epidermis of 
seed co.at (I. Ep.); epidermis of endosperm (Ep. 
End.); endospenn (End.). X 1-1.5. 



Fig. 3. — Isolated elements of Kentucky coffee 
seed. Epidermis of seed coat in lateral view (Ep.); 
same in surface view (Ep.); intermediate paren- 
chyma (Par.) ; endosperm cells (End.) ; Uypodermis 
in lateral view (Hyp,); same in surface view (Hvp.). 
XI 48. 


gonal in outline with circular lumina. The epi- 
dermal tissue was marked by a horizontal line which 
appeared appro.viraately C.5/i from the apex. This 
was of some concern for it gave the appearance of 
the tissue being made up of two rows of cells; a 
long row and a short row joined end to end, rather 
than one row. It was proved to be one row by 
measuring the length of the cells while intact in the 
tissue and then measuring them after being separated 
from the tissue by macerat'on. Their length within 
the tissue and after separation was found to be the 
same indicating that the epidermal tissue consists 
of one row of cells having the appearance of two rows. 
In the study of the isolated cells, the appearance of 
this line was not so distinct as in the transverse sec- 
tion, It is probably due to a difference in the 
refractive index of the cell wall in the particular area. 
This phenomenon is to be studied further at this 
institution. 

The liypodermis. Fig, 2, consists of one layer of 
beaker cells having the sliape of short-necked 
bottles, with ccllulosic-thickened walls and narrow 
lumina which widen at both extremities of the cells 
assuming irregular triangular shapes. Between 
these cells there are wide oval intercellular spaces. 
These cells vary' from 4.9 to S.Op in height and 1.7 
to 2.3)1 in breadth (at the broadest part), and O.C 
to 0.9/1 at the narrowest part (neck). In surface 
view. Fig. 3, they appear circular or oval in outline 
with stellate lumina. 

The intermediate parencliymatous tissue (nu- 
trient layer) consists of 9 to 12 layers of isodiamctric 
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or tangentially elongated cells with thick cellulosic 
walls and narrow triangular intercellular spaces. 
These cells contain amorphous granular contents 
reacting for protein by staining yellow with picric 
acid and brown with iodine test solution. 

The inner epidermis of the seed coat. Fig. 2, 
consists of one row of rectangular cells. This is 
followed by a laj'cr of collapsed parenchymatous 
cells which are colored blue by iodine-sulfuric acid 
indicating their cellulosic nature. 

The epidermis of the endosperm, Fig. 2, consists 
of polj'gonal cells containing numerous minute aleu- 
rone grains that are free of any inclusion, i. e., devoid 
of crj'stalloids and globoids The remainder of the 
endosperm is formed of axially elongated cells with 
thick cellulosic walls and irregular lumina. 

The following additional microchemical tests 
were applied on a series of sections of the seed: 

1 The walls of the endosperm cells, other than 
those of the epidermis, swelled enormously when 
brought in contact with water. 2. Iodine test 
solution stained the contents of the epidermis of 
the endosperm as well as the cells of the cotjdedons 
5 'ellowish-brown 3 None of the tissue stained 
blue with iodine test solution. 4. Ruthenium red 
failed to stain the mucilage of the endosperm. 5. 
Methylene blue stained the contents of the endo- 
sperm cells blue 6 Fuchsin in absolute alcohol 
stained the contents of the endosperm red 7. The 
contents of the embryo stained red with Sudan III 
test solution. 8. Chlorzinciodine stained the 
cell walls of the endosperm and embrj'o violet. The 
contents of the endosperm and embryo cells stained 
yellow to yellowish-brown. 9. The cell walls did 
not give a positive lignin test 

From the above tests one may conclude the follow- 
ing. 

I The cell walls were nonlignified. 2. The 
epidermis of the endosperm contains aleuroiie grains 
while the remainder of the cells of the endosperm 
contain mucilage 3. The cells of the embryo con- 
tain fixed oils and aleurone grains. 4. Starch is 
absent in the cells of all the tissues. 

THORNLESS HONEY LOCUST 

Gledttsia triacanthos L. var. inermts of the Lepi- 
viinosae family is commonly known as the thornless 
hone}' locust. The plant is a tree with bipinnate 
leaves, leaflets often crenulate. The flowers are 
small and are in axillary or lateral racemes or pani- 
cles. The fruit is a pod, linear, 2 0 to 3 0 cm. in 
length, curved, and twisted (2). 

Morphology of the Seeds. — The seeds. Fig. 4, 
are oval varying from 0.5 to 1.0 cm. in length, 4.0 
to 7.5 mm. in breadth, and 2 0 to 5 0 mm. in thick- 
ness The seed coat is smooth and tan to brown 
in color. At one end of the seed there is a small 
oval depression marking the position of the embryo. 
The seed is albuminous. The endosperm is muci- 
laginous and swells with water and aqueous re- 
agents. A longitudinal section of the seed. Fig. 4, 
shows a large flat cotyledon and a small radicle 
surrounded by a mucilaginous endosperm. 

Histology. — ^The seeds of the thornless honey 
locust show the same arrangement and type of 
tissues as the seeds of the Kentucky coffee-tree. 
The following are the important diagnostic features 
of the powder (Fig. 5); 



L.M.S 


Fig. 4.— Honey locust seed. Longitudinal sec- 
tion parallel to the flat surface (L. S.); cotyledon 
(Cot.); endosperm (End.); radicle (Rad.); longi- 
tudinal median section (L. M. S.) ; transverse cut 
surface (T. S.). X4.6. 



Fig. 5. — Isolated elements of honey locust seed. 
Epidermis of the seed coat in lateral view (Ep.); 
same in surface view (Ep.) ; h}'podermis in lateral 
view (Hyp.) ; same in surface view (Hyp.) ; paren- 
ehyma of intermediate layer (Par.) ; endosperm 
(End.). XIIO. 


1. Cells of the epidermis are palisade-likc and 
are 13.2 to 16.5/i in length and 0.0 to 0.9;i in breadth. 
2. Hypodermal cells are basket shaped with cellu- 
losic thickened radial walls. 3. Parenchymatous 
cells of the intermediate layer had cellulosic nails 
and were tangentially elongated. 4. Endosperm 
cells consisting of axially elongated cells with m- 
regular lumina and mucilaginous contents 

SWEET BASIL 

Ocimum baiilicum L. of the Labiateae farnilj. 
commonly known as sweet basil, is an annual plan 
much branched 30 to 60 cm. in height. The leaves 
are ovate, petiolate, 2.5 to 5 0 cm. in length, nit> 


/ 
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Fig 7. — Isolated elements of sweet basil seed. Epidermis of seed coat 
in lateral view (Ep ) same in surface view (Ep ) ; starch grains (St.) ; pig- 
ment layer (Pig ) ; endosperm (End ) ; aleurone grains (Al. Gr.) XI 10. 


an entire or toothed margin The flowers are white, 
or more or less tinged purple, in moderately dense 
racemes Basihcum in Greek means kingly because 
of its healing property It is native to tropical Asia 
and the Pacific islands (2). 

Morphology of the Seeds, — The seeds are hard in 
texture, ovoid in shape, varying from 2 0 to 3 0 mm 
in length and from 0 5 to 1 0 mm m breadth The 
seed coat is dark brown in color showing a minutely 
pitted surface when viewed with a magnifying lens 
The seed is albuminous with an oily endosperm sur- 
rounding the minute embryo 

Histology. — ^The seed coat consists of an epi- 
dermis, a pigment layer, and an inner layer of large 
parenchymatous cells The epidermis. Fig 6, con- 
sists of large axially elongated cells varying from 
13 to 19 5n in height and 6 6 to 11 5 m in breadth 
Their walls are cellulosic in nature. The radial 
walls are more thickened than the outer and inner 
tangential walls These cells swell enormously 
when brought in contact with water and their walls 
stain blue to purplish blue with methylene blue 
indicating that they are impregnated with mucilage 
The lumina of the cells are «dde and contain numer- 
ous minute simple and a few 2- to 4-compound 
starch grains In surface view. Fig 7, these cells 
appear rounded with circular lumina. Under- 
neath the epidermis there is one and occasionally 
tuo rows of tabular cells containing a dark brown 
content which is responsible for tlie color of the seed 
coat III surface view. Fig 7, they appear polyg- 
onal in outline usually adhering to the cells of the 
epidermis and endosperm The innermost layer of 
the seed coat consists of one row of large paren- 
chymatous cells with thin cellulosic walls The 
storage tissue in these seeds consists of the endo- 
sperm and the two cotyledons 
The endosperm. Fig G, consists of isodhamctric 



Fig 6 Transverse section in sweet basil seed. 
Epidermis (Ep); pigment layer (Pig); paren- 
chymatous layer (Par.); aleurone grains (A!.)- 
endosperm (End ) , X 148 ' 

cells They have thick-beaded walls with distinct 
simple pits Their contents stain red with Sudan 
III and yellowish-brown with iodine indicating tlie 
presence of oil and protein respectively. The pro- 
tein is present in the form of oval aleurone grains, 
containing one and occasionally two crystalloids 
but no globoids 

The embryo cells contain numerous aleurone 
grains and oil globules 
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Nonaqueous Titration of the Tetracycline Antibiotics 
and Some Commercial Preparations* 

By F. YOKOYAMA and L. G. CHATTEN 


The application of visual nonaqueous titrime- 
try has been made to the assay of the tetra- 
cycline antibiotics and their commercial 
preparations. Determination is carried out 
in nitromethane-formic acid-benzene system 
using mixed indicator comprised of meth- 
ylene blue and quinaldine red. 

qpiiE WIDE USE and the therapciitic importance 
of the tetracycline antibiotics has resulted in 
an increased number of pharmaceutical forms of 
these compounds. The necessity of carefully 
maintained quality control has prompted numer- 
ous investigations into analytical techniques in 
an effort to cope with the problems which have 
arisen. In addition to the microbiological de- 
termination using the turbidimetric and cylinder- 
plate methods a considerable number of fluoro- 
metric and colorimetric procedures have been 
proposed (1-12). On the other hand, very lit- 
tle has been published on the application of non- 
aqueous titrimetry as a chemical means of analy- 
sis of these preparations. .Sideri and Osol (1.3) as 
well as Ekeblad (14) have reported the determi- 
nation of some of the tetracyclines in glacial ace- 
tic acid, but we have been unsuccessful in repro- 
ducing satisfactory results by their method. The 
microbiological technique is still the most widely 
used, although many experts agree that the re- 
coveries may deviate as much as plus or minus 
ten per cent from the mean value. 

The purpose of tliis study is to investigate the 
application of nonaqueous procedures which can 
be readily performed b}^ visual titration for both 
the free bases and their hydrohalide salts. The 
work has been extended to include tetracycline, 
chlortetracycline, and oxytetracycline com- 
pounds. 

EXPERIMENTAL 

Apparatus. — Five-cubic centimeter buret, gradu- 
ated in 0.01 cc. or 10-cc. buret, graduated in 0.05 
cc. ; electromagnetic stirrer; Fisher titrimeter, 
(Model No. 9-311A) ; silver-silver chloride eleetrode, 
(Beckman No. 1264) ; and glass electrode (Fisher 
No. 9-312-25). 

* Received December 27, 1957, from the Pharmaceutical 
Chemistry Section, Food and Drug Directorate. Department 
of National Health and Welfare, Ottawa, Ontario, Canada. 

The authors express their appreciation to Dr. J. K. Loyan, 
Miss K. Fitzpatrick, and B. W. Griffiths of the Laboratory of 
Hygiene, Department of National Health and Welfare, for 
carrying out the microbiological and spectrophotometric 
assays. They would also like to extend their thanks and 
appreciation to Lederle Laboratories Division, North 
American Cyanamid Limited and Pfizer Canada for the 
generous samples of the pure antibiotics. 


Reagents. — Nitromctliane, practical grade, ob- 
tained from Eastman Kodak (redistilled, fraction 
collected between 100 and 101°); benzene, A. C. S.; 
formic acid, 85 to 90%, A.C.S.; perchloric acid, 0.05 
N in dioxane, standardized against potassium acid 
phthalate, A. C. S.; mixed indicator comprised of 
0.1 Gm. methylene blue and 0.2 Gm. quinaldine red 
in 100 cc. anhydrous methanol (methyl hydrate, 
absolute B. D. H.); and mercuric acetate, C. P., 0% 
in glacial acetic acid, A. C. S. 

PROCEDURES 

Pure Antibiotics. — Accurately weigh a sample of 
about 50 mg. into a 150-cc. beaker, dissolve in 50 cc. 
of nitroraethane containing 1 cc. of formic acid by 
stirring electromagnctically. Add 5 cc. of benzene, 
1 cc. of 6% mercuric acetate in glacial acetic acid 
where a hydrochloride salt is to be analyzed, and 0.1 
cc. of the mixed indicator. Titrate with 0.05 N 
perchloric acid in dioxane to the end point indicated 
by the appearance of the green color. Each cc. of 
0.05 N perchloric acid is equivalent to: 25.77 mg. 
chlortetracycline (Aureomycin®, Lederle) hydro- 
chloride, 24.85 mg. oxytetracycline (Terramycin®, 
Pfizer) hydrochloride, 23.02 mg. oxj'tetracycline 
(Terramycin®, Pfizer) base, 24.05 mg. tetracycline 
(Achromycin®, Lederle) hydrochloride, and 22.22 
mg. tetracycline (Achromycin®, Lederle) base. 

Commercial Preparations . — Capsules and Tablets. 
— Weigh and powder 20 tablets or weigh the con- 
tents of 20 capsules. Place an accurately weighed 
sample equivalent to 50 mg. of the drug in a 150-cc. 
beaker. Add 25 cc. of nitromethane containing 1 
cc. of formic acid and stir electromagnctically for 
thirty minutes. Filter through a Whatman No. 1 
filter paper into a 150-cc. beaker. Wash the resi- 
due with an additional 25 cc. of nitromethane. Add 
5 cc. of benzene, 1 cc. of 6% mercuric acetate in 
glacial acetic acid, and 0.1 cc. of the mixed indicator. 
Titrate to a green end point with 0.05 N perchloric 
acid in dioxane. Where the formulation includes 
magnesium stearate, titrate to a blue end point 
before the addition of mercuric acetate, then add 
mercuric acetate and continue titration to a green 
end point. 

Ointments . — (o) Chlortetracycline (Aureomycin) 
hydrochloride and Tetracycline (Achromycin) hy- 
drochloride ointments. 

Accurately weigh a sample equivalent to 50 mg. 
of drug in a 150-ec. beaker, add 2 cc. of formic acid, 
50 cc. of nitromethane, 40 ec. of benzene and warm 
on a hot water bath until the ointment is uniformly 
dispersed. Add an additional 10 cc. of benzene, 1 
ce. of 6% mercuric acetate in glacial acetic acid, and 
0.1 cc. of the mixed indicator. Titrate while hot to 
a green end point with 0.05 N perchloric acid m 
dioxane. 

(6) Oxytetracycline (Terramycin) hydrochloride 
ointment with poljmiyxin B sulfate. 

Accurately weigh a sample equivalent to .50 mg. " 
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drug in a 160-cc. beaker, add 50 cc. of benzene and 
warm on a hot water batii until the ointment is uni- 
fonnly dispersed. Stir clcctroinagnclically while 
cooling. Filter through a medium porosity sintered 
glass funnel and extract the residue with 50 cc. of 
nitromethane by filling the funnel. Omit suction, 
allowing the filtration to proceed under the influence 
of gravity. Add 5 cc. of benzene, 1 cc. of formic 
acid, 1 cc. of 6% mercuric acetate in glacial acetic 
acid, and 0.1 cc. of the mixed indicator and titrate 
to a green color with 0.05 N perchloric acid. 

Ox-ylctracycUne {Terramycin) Hydrochloride In- 
travenous Injection . — Completely wash out the con- 
tent of a single ampul labeled to contain 250 mg. 
of active constituent with 50 cc. of nitromethane con- 
taining 5 cc. of formic acid and stir electromagneti- 
cally for thirty minutes. Filter through a What- 
man No. 1 filter paper into a 100-cc. volumetric 
flask. The volume of the solvents will be propor- 
tional according to the amounts of active ingredient 
present. For example, when a sample contains 
SOO mg. of antibiotic, the amount of formic acid 
and nitromethane will be doubled. Wash the resi- 
due, then make up to volume with the nitromethane. 
To an aliquot equivalent to 50 mg. of drug add 
enough nitromethane to total 50 cc., 5 cc. of benzene, 
1 cc. of 6% mercuric acetate in glacial acetic acid, 
and 0.1 cc. of the mixed indicator. Titrate to a 
green end point with 0.05 iV percliloric acid in 
dioxane. 

Chlortetracycline {Aiireoniyciti) Hydrochloride Sup- 
positories . — Place as many suppositories as required 
to yield a solution to contain 200 to 250 mg. of anti- 
biotic in a ISO-cc. beaker. Add 50 cc. of benzene 
and warm on a hot water bath until the suppositories 
are uniformly dispersed. Stir the mixture electro- 
magnetically and allow to cool. Filter the cooled 
solution through a medium porosity sintered glass 
funnel, washing the residue with an additional 50 
cc. of benzene. Place the funnel filled with nitro- 
methane and 2 cc. of formic acid in a beaker, then 
allow the mixture to filter through under the influ- 
ence of gravity. Repeat with additional nitro- 
methane and the remainder of the formic acid, the 
total volume having been calculated such that 1 
cc. is present for each 50 mg. of drug. Wash the 
funnel with nitromethane, transfer to a 200-cc. 
volumetric flask and make up to volume with nitro- 
methane. To an aliquot equivalent to 50 mg. of 
active constituent add sufficient nitromethane to 
total 50 cc., 5 cc. of benzene, 1 cc. of 6% mercuric 
acetate in glacial acetic acid, and 0.1 cc. of the mixed 
indicator. Titrate to a blue-green end point with 
0.05 N of perchloric acid in dioxane. 


DISCUSSION 


Tetracycline antibiotics, by virtue of the second- 
ao' amine group, can be determined as bases by 
direct titration with a strong acid such as perchloric. 
Both the free base and the hydrohalide salt can be 
assayed, the latter being dependent upon the addi- 
tion of mercuric acetate solution as reported by Pifer 
and Wolfish (15). 


Of the numerous solvents or solvent corabinatioi 
investigated, the nitromethane-formic add pair er 
ployed by Strculi ( 16 ), in the titration of basic copol 
mersot acrylonitrile, w.is found to be the mo.st sati 


factory, particularly when combined with benzene. 
The addition of 2% by volume of formic acid to nitro- 
methane appeared to solubilize the compounds com- 
pletely, and thus eliminated the use of heat which 
was sometimes found necessary with glacial acetic 
acid. With some of the antibiotics, addition of 
formic acid was not required to effect complete 
solution but in order to maintain uniformity of the 
solvent system, however, it was used in ail instances. 
With the use of 85-90% formic acid, the maximum 
amount of water introduced was calcuiatcd to be 
approximately 0.55% by volume, which according 
to Pifer, cl al. (15), and Fritz, cl al. (17), should 
cause no appreciable decrease in the sharpness of 
the potentionietric end point, Pifer, el al. (IS), 
reported that the addition of a solvent with a low 
dielectric constant like benzene, chloroform, or di- 
oxane can in many cases contribute to an increase of 
the potentiometric break at the end point. Of 
those investigated, benzene proved to be the most 
satisfactory. 

With the proposed solvent mixture, the electrode 
combination of silver-silver chloride and glass was 
found to give a better potentiometric break at the 
end point in comparison to that obtained with calo- 
mel and glass. Another factor in favor of the former 
pair is that it is not necessary to periodically replace 
the calomel electrode salt bridge which is known to be 
readily contaminated by the mercuric acetate. 

The main difficulty in finding a suitable indicator 
was caused by the inherent yellow color of the anti- 
biotic, which created a considerable decrease in the 


sharpness of the color change at the end point. A 
few of the indicators which appeared to change at 
the potentiometric end point were : a-naptholbenzein, 
quinaldine red, bromotlijinol blue, and tropaeolin 0(1. 
However, with all of these, the end-point change was 
masked by the color of the antibiotic. For example, 
the usual red of tropaeolin 00 at the equivalence 
point was altered to red-orange, and, to overcome this 
difficulty, mixed indicators were tried. Methi-lene 


blue, which remained unchanged throughout the 
titration was chosen to provide the background color. 
Tropaeolin 00, when used alone changed from yellow 
to rcd-orange, but with the blue background pro- 
vided bj' the methylene blue, the corresponding 
change was from green to purple which appeared to 
be easier to see visuall.v. However, one could not 
determine the blank quite as accurately because of 
the less definite change, namely from blue-purple to 
red-purple. The mixed indicator which e.xhibited 
the most satisfactorj- result was the combination of 
methylene blue with quinaldine red where the color 
transition was from purple to blue, blue-green, or 
gr^n depending upon the preparation. The deter- 
mination of the blank was also improved with the 
change from purple to a definite blue. The pro- 
portion of each component in the screened indicator 
was found to play an important part, the mo^t •mt- 
islactory one being outlined under the heading of 
reagent Methanol was the solvent of choice, fae- 
cMse the color did not fade back as it did to some 
^TOt when the indicators were dissolved in glacial 
iSi I ‘■eproducibility of the results show 
that this solvent system and indicator combination 
ts supmor to that of Sideri and Osol (13) whiS 

potentiometric deter- 
mination with some of the compounds. 

With chlortetracycline hydrochloride and tetra- 
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cycline base, the color of the indicator which coin- 
cided with the potentiometric end point was blue 
as shown in Figs. 1 and 2. However, it was noted 
that an increment of 0.01 cc. of the titrant altered 
the color from blue to green. For visual determina- 
tion it was believed that a change from purple to 
green was more readily detected than the change 
from purple to blue. Hence, the green end point 
was selected with the full realization that it was 0.01 
cc. of titrant beyond the true end point. It was 
thought that the error introduced was insignificant 
and was compensated for by the reproducibility of 
the results. However, with the tetracycline hydro- 
chloride and oxytetracycline hydrochloride the color 
of the indicator at the potentiometric end point 
was green (see Figs. 3 and 4). Therefore, with all 



ML. 0.05 N. PERCHLORIC ACID IN DIOXANE 

Fig. 1 .—Titration of chlortetracycline hydrochloride 
in nitromethane-formic acid-benzene system. 



ML. 0.05 N PERCHLORIC ACID IN DIOXANE 

Fig. 2. — Titration of tetracycline base in nitro- 
methane-formic acid-benzene system. 


the pure antibiotics, titration was carried beyond 
the blue to the green color. Potential changes at 
the equivalence point were found to be approxi- 
mately 20 to 30 millivolts for eaeh 0.02 cc. of 0.05 jV 
perchloric acid. To test the precision of this method 
5 to 10 consecutive determinations were carried out 
and the standard deviations calculated. In addi- 
tion, a comparison was made between the results 
obtained by the microbiological and spectrophoto- 
metric procedures. From the results recorded in 
Table I, one can clearly note the close agreements in 
the recoveries determined by these three methods, 
especially between the microbiological and the non- 
aqueous procedures. It is also apparent that the 
standard deviation is smallest with the nonaqueous 
method. 



ML. 0.05 N. perchloric ACID IN DIOXANE 
Fig. 3. — Titration of tetracycline hydroehloride in 
nitromethane-formic acid-benzene system, 



ML. 0.05 N. perchloric ACID IN DIOXANE 
Fig. 4. — Titration of oxytetracycline hydrochloride 
in nitromethane-formic acid-benzene system. 
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Table I — Comparison of Recoveries of the Pure Tetracycline Antibiotics 


Compound 

Chlortetracycline 

hydrochioride 

Tetracycline 

hydrochloride 

Tetracycline 

base 


Nonaqueous Method 

99 46 ±0.13(9det) 

99 88 ± 0 30 (10 
det ) 

93 53 ± 0 46 (9 det ) 


Microbiological 

Method 

991 ftg. /mg. or 99 . 1% 
± 1 0 (7 det.) 

1000 fig./mg. or 100% 
(1 det.) 

1036 fig /mg. 95 9% 
dh 2 3 (6 det ) 


Oxytetracychne 

base 


91 93 ± 0 62 Calc, as 
base C22HHN2O9 or 
99 16 ± 0 67 Calc, 
as hydrochloride 
CjjHsjNsOs HCl (6 
det.) 


929 ng./mg. or 100 2% 
±16 Calc as hy- 
drochloride CjjHji 
N2O5 HCl (3 det ) 


Spectrophotometric Method 


96 3 ± 1 8 (3 det ) 
92 9 ± 1 9 (3 det ) 

95 9 ± 0 0 (3 det.) 


Acid colorimetric 
method (1) 
Same as with 
tetrac5'cline 
hydrochloride 
Ferric chloride 
colorimetric 
method (1) 


When the commercial products were investigated, 
it was found necessary to modifj' the basic procedure 
in some instances due to interfering substances like 
the tablet excipients and ointment bases. 

Since magnesium stearate, commonly employed 
as lubricant in tablets or as diluent in capsules, will 
react with the perchloric acid, the method required 
slight modification This compound was extracted 
by the nitromcthane-formic acid mixture resulting 
in apparent overestimation of the antibiotic. How- 
ever, most of these preparations contained the anti- 
biotic as the hydrochloride salt, and therefore, by 
titrating before the addition of mercuric acetate, the 
stearate was removed from further competition for 
the titrant The volume of titrant consumed 
after the addition of mercuric acetate is a direct 
measure of the hydrochloride salt of the antibiotic 
Thus, if any of the free base is present along with the 
hydrochloride salt, the former is not included in the 
final titration This may account, in part, for the 
discrepancies between the microbiological or spec- 
trophotometric methods and the proposed nonaque- 


ous procedure (sec Table II) To ascertain if the 
antibiotic was complete^' e.xtracted during the pro- 
posed time of stirring, the procedure was repeated 
with the residue remaining after filtration. A blank 
titration showed that the antibiotic had been com- 
pletely extracted. Unfortunately, the terramycin 
tablet could not be assayed by this method because 
the active constituent was present as the free base. 
It was impossible to determine the volume of the 
titrant consumed by the stearate because both the 
stearate and the terramycin base reacted with the 
perchloric acid without the addition of mercuric ace- 
tate. Therefore no results are reported for this 
preparation 

With the ointments it was found necessary to 
increase the volume of benzene in order to keep the 
ointment base in solution This increase adversely 
affected the solubility of the antibiotic in the solvent 
combination and thus it necessitated the doubling 
of the amount of formic acid. Titration was car- 
ried out while hot because the mixture became turbid 
upon cooling. When the same procedure was re- 


Table II — Comparisons of the Recoveries of the Tetracx'clinb Antibiotics in Various Dosage 
Forms by the Nonasueous, Microbiological, and Spectrophotometric Methods 


Mxcrobiofopjcal 


Dosage Form 

Antibiotic 

Nonaqueous Method 

Method® 

Spectropliotometric Method^ 

Capsule 

Aureomycin 

hydrochloride 

96 01 ± 0 41 (5 det.) 

114 (1 det) 

lOS 3 ± 0 2 (3 det ) 


Achromycin 

hydrochloride 

99 72 ± 0 66 (6 det.) 

107 (1 det.) 

103 2 ± 1 1 (3 det ) 


Terramycin 

hydrochloride 

102 7 ± 0 75 (8 det ) Calc 
as free base CiiH-jN-Os 

103 (1 det) 

105 9 ± 1 6 (3 det.) Calc, 
as free base Cj-H-jN-O# 

Tablet 

Achromycin 

hydrochloride 

98 96 ±0 29 (5 det) 

115 (1 det) 

103 2 ± 1 1 (3 det.) 

Ointment 

Aureomycin 

hydrochloride 

115 5 ± 0 69 (5 det) 

114 (1 det) 

123 2 ± 0 70 (2 det ) 


Achromycin 

hvdrochloride 

118 0 ± 0 63 (5 det) 

107 (1 elct) 

118 6 ± 1 0 (3 det.) 


Terramycin 
hydrochloride 
with polymyxin 

B sulfate 

inC 5 ± 0 24 (a (let ) Calc 
as free base C^HnN.Oo 

105 (1 riot ) 

3 10 5 ± 1 4 Caic. as free 
base 

Intravenous 

injection 

Terramycin 

hydrochloride 

112 4 ± 0 38 (5 det) 

93 (1 det) 

117 7 ± 0 o (3 det.) 

Suppository 

Aureomycin 

hydrochloride 

105 8 ± 0 32 (0 det ) 

109 2(1 det) 

Ill 5 ± 2 3 (6 det) 


1(11(1 dow^m^th^'rcfw^nce carried out by the same technique*: a*: for pure antibiotics following (he extraction procedures 

& Spectrophotometric assays were carried out bv the same methods as for pure antibiotics following the extraction procedures 
Riven in the text of Orovc nna Randall ( 1 ) Single exception to this wa*: the intravenous Terramv'cm hvdrochloride, which vs as 
anaUredby the ultraviolet method ( 1 ). 
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Table III • — Recovery of the Pure Antibiotics 
FROM Known Control Mixtures 


Compound 

Method 

Reco\ ery 
% 

Chlortetracjxlme 

Same as with 

99 63 

hj drochloride 

ointment 

99 56 

Tetraejelme 

Same as with 

99 97 
99 49 

hj drochloride 

ointment 

99 51 

Chlortetracvchne 

Same as with 

100 70 
99 19 

hydrochloride 

suppository 

99 38 

Control 


100 0 

99 22 

Chlortetracj dine 


99 42 

hydrochloride 

Suppository 


99 74 


peated with the pure antibiotics, no alteration of 
recovery or behavior was noted during the titration 
Excellent agreement between the basic procedure 
(Table I) and the control (Table III) appeared to 
uphold the vahdit 5 ’’ of this method Potential 
changes at the equivalence point were found to be 
approximately 20 to 30 millivolts for each 0 02 cc 
of titrant The titration curve for the Achromjcm 
hydrochloride ointment is shown in Fig 5 
The method was further modified for the terramy- 
cin ointment because of the presence of polymyxin 
B sulfate The latter compound was believed to 
cause a slight overestimation Since the polymyxin 
B sulfate is insoluble m organic solvents, it was 
possible to separate the two drugs The ointment 
base was first removed by preliminary treatment 
with benzene, leaving a solid residue comprised of 
the two antibiotics, and the terramjem hjdrochlo- 
ride was then extracted by nitromethane Com- 
plete extraction of the terramj cm h> drochloride was 
substantiated by repeating the procedure on the 
white residue remaining m the funnel To ascertain 


that the benzene extract of the base contained no 
tcrramjcin In drochloride the procedure was re 
pe.ited w ith the base .is described m the section on 
suppositories Potential changes at the end point 
were about 20 millivolts for each 0 02 ce of titrant 
When the procedure which was empIo>ed with the 
aureomycm and achromycin ointments was applied 
to this preparation, the recovery tended to be about 
0 5% higher than when ass.ij cd bj tlie preceding 
method 

Since the antibiotic was insoluble in benzene, the 
suppositorj' base was removed by preliminarj treat 
ment with this solvent The antibiotic, which re 
mained as the residue, was then taken up in solution 
by allowing the solvent mixture to be in contact 
with the compound In order to completel 3 e\ 
tract the antibiotic from the pores of the sintered 
glass funnel, it was found necessary to prolong the 
contact of the drug with the solvent and consc 
quentlj’^ suction was not desirable Filtration was 
permitted to proceed by gravitj' To ensure that 
no antibiotic was extracted during the removal of 
the base, the benzene filtrate was evaporated and 
the entire procedure was repeated with the residue 
Assay of the control suppository prepared according 
to the manufacturer’s formulation and also of the 
pure compound by the similar method appeared to 
uphold the validity of the procedure B\ comparing 
Tables I and III one can clearly note the excellent 
agreement in the recoveries of the pure antibiotic 
when assayed according to the basic procedure and 
the modified method for the suppositorj The 
potential changes were approximately 20 to 25 milh 
volts for each 0 02 cc of titrant Titration curie 
for this preparation is shown in Fig 6 

The Terr.imj'cm hj drochloride injection offered 
no difficulty Potentiometnc changes at the equivn 
lence point were approximately 30 millivolts for 
each0 02cc of titrant as shown m Fig 7 

The results of these investigations of the commer 
cial preparations are outlined m Table II along with 
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ML 0 05N PERCHLORIC ACID IN DIOXANE 
Fig 5 — Titration of Achromycin hydrochloride oint- 
ment in nitromethane-forniic acid-benzene s>stem 
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Fig 6 — Titration of Aureomycm hydrochloride 
suppositories in nitromethane-formic acid benzene 
system 
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ML 0 05N PERCHLORIC AGIO IN OlOXANE 

Fig 7 — Titration of Terratn 5 'r;in hydrochloride in- 
travenous injection lu nitromethane-formic acid- 
benzene system. 

the calculated standard deviations Generally 
better agreement appears to occur between repli- 
cates with the nonaqueous procedures than with 
microbiological or spectrophotometric methods 
The proposed technique seems to be preferable to 
that of Sideri and Osoi (13) for both the pure com- 
pounds and some of their pharmaceutical prepara- 
tions 


AMBER 
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1. A noiiaqttcoiis Iccliniquc has been devised 
for the assa)' of Uic tetracycline antibiotics wliicb 
is accurate and can be performed visiiaiiy. 

2. The procedure has been succcssftdiy ap- 
plied to dosage forms including tablets, capsules, 
ointments, suppositories, and injectables. 
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The Effects of Some Solid Buffering Agents in 
Aqueous Suspension on Prednisolone* 

By THOMAS CHULSKI and ARLINGTON A. FORIST 


The effects of aqueous suspensions of a number of solid buffers on prednisolone at 
37.5° base been determined. The steroid was adsorbed by magnesium trisilicate 
according to the Freundlich relationship. Magnesium oxide suspensions produced 
a first-order degradation of the steroid side-chain to the etio acid. Aluminum hy- 
droxide, calcium carbonate, and magnesium carbonate were without effect. 


"O LCCNTLV, several cortical steroid forniula- 
lions containing buffenng agents have 
appeared. Granulation procedures frequently 
used m the manufacture of such preparations 
mvolve exposure of the ingredients to moisture 
and elevated temperatures. In order to predict 
the effects of such treatment, the behavior of 
prednisolone (A’-Lpregnadien lld,17«,2l triol- 
.1,20 dionc) has been dclenntned in the presence 
of aqueous susjiensious of a number of solid 
buffers at :i7 

•Kt•ccl^C(^ Xovpmher 20, from The Upiolm Com 

p-xtiN K'lUim'iyoo, Mich 

The niithor.; are indebiert to 1. M Itcmctc and ttwet itcs 
lor Ihe piper chromilofrraphir nnalj we 


EXPERIMENTAL 

Materials. — The buffers employed were as fol- 
lows (n) magnesium tnsiiicate Po , U. S P 
magnesium ox'ide, heavy, U. S P , (c) aluminum 
hydroxTde, gel dried, U S P , (d) calcium carbonate 
precipitated, U S P , and {e) magnesium carbonate’ 
light, U S P The prednisolone was 99 82% pure 
by solubility analysis The blue tetrazohum re- 
agent. -^.S'-dianisole-bis-f.d’-fS.S-diphenyb-tetrazo- 

lium chloride was obtained from the Dajac Labora- 
tories, Leominster, Mass 

Procedure. -In prehmmart studies, .TOO mg ot 
the solid buffer were mixed with 15 ml of an aqueous 
solution of prednisolone (5.3-220 /ig /mi ) in a 25- 
ml tolumetnc dask The flask was attached to a 
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Burrell wrist action shaker mounted over a 37 5“ 
constant temperature bath and the flask and its 
contents immersed in the bath and shaken for three 
hours The solid was permitted to settle for ap- 
proximately thirtj minutes, still m the bath, and the 
supernatant solution was then withdrawn from the 
flask through a glass frit by means of vacuum The 
resulting filtrate was analyzed for the conjugated 
carbonj 1 group of the steroid A ring by ultraviolet 
spectrophotometry (243 mji) and for the Ci? a-ketol 
side chain bj the modification of the blue tetra- 
zohum procedure of Mader and Buck (1) described 
below The solid phase was leached with absolute 
ethanol and this solution likewise analyzed by the 
ultraviolet and blue tetrazohum procedures Sus 
pensions of the buffers without steroid were also 
carried through tlie above treatment in order to 
correct the analyses for any extraneous materials 
eluted from the solids The pH of each suspension 
was determined at 37 5“ by means of a Beckman 
Model G pH meter with glass calomel electrodes 

In the determination of the adsorption isotherm 
for prednisolone on magnesium trisihcate, equili- 
bration, and filtration w ere as above How^ever, 
only the ultraviolet analysis was applied to the fil- 
trates as prehminar} studies had shown adsorption 
of the steroid but no side chain degradation 

In the kinetics studies of the degradation of the 
a ketol side chain m the presence of magnesium 
oxide, reaction mixtures were prepared as above 
Shaking was stopped three minutes prior to the 
removal of each sample A small portion of the 
supernatant solution was simultaneously withdrawn 
and filtered through a glass frit by means of vacuum 
An aliquot of the filtrate (0 20-0 50 ml ) was imme- 
diately remoted with a micropipet, the tune noted, 
and the reaction quenched bj the addition of the 
sample to 9 00 ml of absolute ethanol The result- 
ing solution was analyzed bj the modified blue tetra- 
zohuin procedure since preliminarj studies had indi 
cated degradation of the side chain of prednisolone 
w ith no adsorption 

The blue tetrazohum procedure as originally 
presented bj Mader and Buck (1) required ethanolic 
solutions of the steroid The modified procedure 
described below was devised to accommodate the 
aqueous steroid solutions encountered in these 
studies One milliliter of aqueous sample w as mixed 
w itli 9 00 ml of absolute ethanol follow ed bj 1 00 
ml of diluted tetraraethj lammoiiium hjdroxide 
(5 ml of 10% aqueous tetramethj lammomum lij- 
droxide diluted to 50 ml w ith absolute ethanol) and 
1 00 ml of blue tetrazohuin reagent (0 5% in 95% 
ethanol) The solution was mixed, color dexclop 
ment was allowed to proceed for tliirtj minutes 
in the dark, and 1 00 ml of glacial acetic acid xvas 
added to stabilize the color Absorbance of the 
resulting solution was then determined at 530 mji 
versus a reagent blank Under these conditions, 
color production in the alkalme solution was nearlx 
maximal after thirty minutes, although it continued 
to dev elop for tw o hours Upon acidification w ith 
glacial acetic acid, tlie color was stable for at least 
se\ent>-fi\e minutes as reported bj Nowaczjnski, 
Goldner, and Genest (2) 

DISCUSSION 

The ultrav lolct analj sis of the filtrates foi the un 


saturated carbonyl group of the steroid A-ruig in 
dicated the extent of adsorption but did not reveal 
degradation of the labile side chain On the other 
hand, the blue tetrazohum procedure for the « 
ketol side chain did not differentiate adsorption from 
degradation Therefore, to define completelj the 
effects encountered, the systems were analjzcd bj 
both techniques 

Tj'pical results for the five buffers studied are 
presented m Table I From the ultraviolet analj ses 
it may be seen that adsorption occurred on the mag 
nesium trisihcate Agreement between the blue 
tetrazohum and ultraviolet analj ses indicates that 
no degradation was involved Similar agreement w as 
observed between the blue tetrazohum and ultra 
violet analyses of material leached from the solid 
magnesium trisihcate phase thereby eliminating 
the possibility of adsorption via degradation The 
adsorption isotherm for prednisolone on magnesium 
trisihcate at 37 5° is shown in Fig 1 Over the 
range studied the isotherm was linear and may he 
expressed according to the Freundlich equation 
x/m = 10 c' " where c is the equilibrium concentra 
tion (jig /ml ) and x/m is the amount adsorbed 
(fig /Gm ) 

Table I — Effects op Solid Buffering Agents 
ON Prednisolone 

Prednisolone iig/ml 


Buffer 

pH of Sus 


rciujlibriuro 

pension 

Imtjal 

UV 

bt 

Magnesium 

8 9 

53 

34 

33 

trisihcate 


220 

145 

145 

Magnesium oxide 

10 4 

220 

223 

140 

Aluminum 

7 4 

53 

55 

50 

hydroxide 


220 

219 

225 

Calcium 

9 1 

53 

53 

62 

carbonate 


220 

220 

220 

Magnesium 

9 2 

220 

222 

225 


carbonate 


Comparison of the ultraviolet and blue tetrazo 
hum analyses in the case of magnesium oxide (Table 
I) show s that there was no adsorption of steroid but 
there was extensive side-chain degradation From 
Fig 2 it may be seen that the degradation was first 
order in steroid and that the pseudo first order con 
stant (k') was independent of the initial steroid eon 
centration and of the steroid-buffer ratio The 
high pH of the magnesium oxide suspension (Table 
I) suggests that the degradation was due to the high 
alkalinity of the solution Velluz, Petit, Pcsez, and 
Berret (3) found that, in the presence of air and alkali, 
the C«o C21 bond of the o ketol side chain was split 
with the production of the corresponding etio acid 
and formic acid and with the consumption of two 
moles of base and one mole of oxj'gen This was 
confirmed by Herzig and Ehrenstein (4) Paper 
chromatographic exammation of a reaction mix 
ture obtained with magnesium oxide in the present 
studies gave similar results Prednisolone (I) was 
converted predominantly to 3-keto ll/3,l7a dihj- 
droxy A‘ ^-etiocholemc acid (H) and to a lesser 
degree to A' ^-androstadien ll^-ol 3,17-dione (IH) 
Removal of the steroid side chain to give the corre 
spondmg 17 ketosteroid (IH) has been reported by 
Mason (5) and by Wendler and Grabcr (6) and rep 
results a hjdroxide ion catalyzed dealdohzatioii oc- 
curring under both aerobic and anaerobic conditions 
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CHjOH 

I 

C=0 



LOG C (fiq / ml ) 

Fig 1 — Adsorption isotherm {or prednisolone on 
inagncsmiu tnsilicate at 37 5° 


Under the conditions emploVLd, aluininuin hj 
droMde, calcium carbointc, and inagncsnim carbon 
ate M ere \% ithout effect on prcdinsolotic (Tabic I) 

It maj be concluded therefore that the cortical 
steroids siiniHr to prednisolone should not be exposed 
to materials capable of producing an elevated pH 
during formulation 

SUMMARY 

The effects of aqueous suspensions of magne- 
sium tnsilicate, magnesium oxide, aluminum hv - 
droxidc, calcium carbonate, and magnesium car- 
bonate on prednisolone at 37 5° liav c been studied 
Magnesium tnsilicate adsorbed tbc intact steroid 
Magnesium oxide produced an alkaline degrada 


COO“ 



TIME (HOUHS) 

Fig 2 — First order plots of the degradation of 
prcdiiisoione by magnesium oxide suspensions at 
37 5° \, initial concentration 310 pg /ml , k' = 

127 X 10“’ hr B, initial concentration 155 ug / 
ml . fe' = 114 X 10“’ hr 


tion of the steroid side chain The other buffers 
were vvitliout effect 
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Copper Complexes of Aromatic Dithiocarbamates and 
Their Antifungal Activity* 

By WILLIAM O. FOYE, IVAN B. VAN de WORKEEN, Jr.,t and 
JOSEPH D. MATTHES 


Phenyl and 2-pyridyl dithiocarbamate salts and esters have been prepared and found 
to form stable complexes, probably chelates, with copper (II) ion. The aromatic 
dithiocarbamates showed a low order of antifungal and antibacterial activity, but 
their copper complexes were practically inactive. This finding does not support 
previous postulations that antifungal dithiocarbamates exert their fungitoxicity as 

toxic copper chelates. 


T NVESTiGATiONS at the duPont Company in 1931 

showed that derivatives of dithiocarbainic 
acid possessed antifungal and antibacterial 
properties, and a patent reporting the antifungal 
activity of thiuram disulfides was issued to Tis- 
dale and Williams (1) in 1934. The activity of 
several dithiocarbamic acid derivatives against 
fungi pathogenic to man was noted by Hall in 
1938 in an unpublished report, and was later 
studied by Miller and Elson (2). Within twenty 
years of their discovery, the dithiocarbamates 
had become widely used for controlling plant 
pathogens (3). 

The suggestion that metal chelation is a 
mechanism of biotoxic action for antifungal 
agents was made by Zentmyer (4) in 1943. He 
obsen'ed that the fungicidal action of oxine (8- 
h)’droxyquinoline) was reversed by zinc ion, and 
at low pH, where the chelating ability of oxine 
was w'eak, the oxine showed weak fungicidal 
activity. Shortly after, Albert (5) demonstrated 
conclusively that the bactericidal action of oxine 
is due to the formation in tlie cell of a toxic 1 : 1 
chelate with iron or copper. The coiiper chelate 
of oxine has subsequently found commercial use 
mildew-proofing textiles and paint. Goksdt'r (ti) 
has also postulated that the fungicidal action of 
sodium dimetltyldithiocarbamate is due to the 
formation of toxic 1 ;1 chelates with copper and 
zinc. 

To test further tlie hypothesis that fonnation 
of toxic metal chelates is a mechanism of fungi- 
cidal action, a series of dithiocarbamate salts and 
esters has been prepared in order to compare tlie 
activities of chelated and nonchelated deriva- 
tives. Aromatic dithiocarbamates were selected 
for this piuqjose and also to determine the relative 
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fungicidal properties of aromatic dithiocarba- 
mates, which have not been looked at to any 
extent for fungicidal effects. 

METHODS OF PREPARATION 

The ammonium salt of phenyldithiocarbainic acid 
was easily prepared by the method of Dains, Brew- 
ster, and Olander (7), and esters were obtained by 
standard procedures. Use of this method to obtain 
2-pyridyldithiocarbamates was unsuccessful, how- 
ever, and a review of the literature showed that 
heterocyclic dithiocarbmates have not received 
much attention. In a review of the chemistry of 
dithiocarbamates by Cliabrier and Nachmias (8), 
for instance, no heterocyclic derivatives were men- 
tioned. Only two references found in the literature 
described the preparation of pyridyl derivatives, and 
in only one of these was the product isolated, but not 
characterized. This product was a mixture be- 
lieved to contain the 4-aminopjTidyl salt of 4- 
pyridyldithiocarbamic acid (9), in analogy to the 
general formation of aliphatic dithiocarbamates. 

Among the methods attempted for the preparation 
of 2-pyridyldithiocarbamic acid derivatives was 
that of Camps (9) for tlie suspected salt of the 4- 
isoiner, using 2-aminopyridine, carbon disulfide, and 
ethanol, and also that of Klarer and Behnisch (10), 
who mentioned the intermediate formation of tlie 
potassium salt of 2-pyridyldithincarbainic acid. 
Both of tlie.se methods failed, as did two procediire.s 
in which aniline has been used to obtain plienyl- 
ditliiocarbainic acid. Tlie latter two required tlic 
use of alcoholic potassium hydroxide or aqueous ani- 
inonia in the presence of carbon disulfide and the 
aromatic amine. 

The desired reaction was accomplislicd liy first 
forming the sodium salt of 2-amiiiopyridiiic in non- 
aqueous media with sodaniidc, according to Cliicln- 
babin (11), and the isolated sodium salt was then 
suspended in benzene and allowed to react with car- 
bon disulfide. The product was found by analysis 
to be the 2-aminopyridyl salt of 2-p}Tid}’lditliio- 
carbamic acid, which is analogous to the product 
described by Camps (9) from 4 -aminopyridiiie 
Esters of this acid, which were obtained by reaction 
of the salt with organic halides, were difficult to 
purify but did give nitrogen analyses appro.ximating 
theoretical. The dithiocarbamate salts and esters 
prepared and their properties are listed in Table I. 

The reaction of copper ion with the salts and esters 
described above was carried out to determine t le 
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Table T. — Aeom atic Dithiocarbamates 
S 


Ar— NH— C— S— R 


Ar 

R 

M. P.« 

Yield, 

% 

Formula 

Analysis, » 

Calcd. Found 

2-Pyridjd 

2-PjTidylammonium 


86 

CnHtjNrS. 

Cr49.98 
H; 4.60 

50.41 

5.27 

13.87 

2-Pyridyl 

Ethyl 

Oil 

50 

OgHioiNsSs 

N:14.14 

2-Pyridyl 

p-Nitrophenyl 
Ammonium ' 

128-ld0° 

10 

Ci-HsNsOjSi 

N;14.18 

13.67 

Phenyl 

92-93° 

73 

CrHrcNjS. 

N:15.06 

14.80 

Phenyl 

Ethyl 

58-60° 

41 

CsHuNS, 

N: 7.11 

7.21 

Phenyl 

p-Nitrophenyl 

88-90° 

50 

C„H,oN»OjS. 

N; 9.62 

9.48 


“ The melting points were taken on a Fisher-Johns block and are uncorrected. ^ , j r- i j 

The carbon-hydrogen analysis was obtained from the Weiler and Strauss Alicroanalytical Laboratory, Oxford, England. 
The nitrogen analyses were done by the Kjeldahl procedure, using selenized Hengar granules as catalyst. 


possibility of complex or chelate formation. This 
was done in a suitable solvent with aqueous copper 
sulfate, and in each case complexing was indicated 
by a marked drop in pH, and formation of a colored 
precipitate in the case of the salts. Copper com- 
plexes soluble in the organic media used were 
obtained from the esters. Analysts indicated that 
complexes having a 2:1 ratio of dithiocarbamic acid 
to copper were obtained from the salts and tlie p- 
nitrophenyl esters, and complexes with a 1; 1 ratio 
were obtained from the ethyl esters. The physical 
properties of the complexes prepared are listed in 
Table II. 

The structures of 1;1 metal chelates of dithio- 
carbamic acids have been determined by Chatt, 
el al. (12), and pictured as four-raembered rings 
(structure 1) with several resonating forms possible. 
The 2-.1 copper complexes can accordingly be 
represented by structure II, although open-chain 
complexes with the copper coordinated to two 
sulfurs or possibly two nitrogens are also possible 
and would also cause a drop in pH on formation. 
Complexing by means of the pjTidinc nitrogen is not 
postulated for these compounds, since the phenjd 
derivatives gave the same results as the pyridyl. 

BIOLOGICAL RESULTS 

Antifungal and antibacterial tests were carried 
out at the Lilly Research Laboratories, and the 
results of positive activity are shown in Table III. 
It is apparent that the salts of phenyl- and 2- 
pyridyldithiocarbamic acids have essentially the 
same activity against microorgauisins; while the 


S 

Ni-h 

RjN~C M 

S 

1 


I 

S 

\ 


Cu 




degree of activity differed slightly in several cases, 
these compounds generally showed activity toward 
the same organisms, and both were also negative 
toward a number of other organisms. 

The copper chelates of these acids, on the other 
hand, showed essentially no activity toward the test 
organisms. Only U. avctiae was inhibited by the 
chelates at a concentration of 200 mcg./ml. but not 
at 50 mcg./ml. (The esters and their copper de- 
rivatives have not as yet been tested.) This result 
implies that dithiocarbamates do not exert their 
fungicidal action in the form of toxic copper chelates, 
although chelation of essential copper in the organ- 
isms is still a plausible mechanism of action. Fur- 
ther such comparisons should be made with other 
dithiocarbamates, however, although the compara- 
tive results might be obscured somewhat yyjth 
weaker chelators or stronger antifungal agents. 


Table II. — Coppep Complexes of the Dithiocarbamates 
S— 

(Ar— N=C— SR)„Cu 




pH Drop** 





' 


Ar 

R 

It 

pH 

Units 

Yield, 

% 


Color 

Formula 

K Analy 
Calcd. 


2-P\Tidyl 

H 

2 

6.6 

74 

n5°(dec.) 

Green-black 

C,.H,„N,S,Cu 

13.93 

13142 

2-Pvrldyl 

CrHt, 

1 

3.4 

40 

88-90° 

Green-black 

CsH,oX.S;Cu 

9.40 

9'. 94 

2-Pyridyl 

CrH.NOj 

2 

2.0 

48 

132-134° 

Yellow-grten 

Ci.H.eNrOrS.Cu 

12.96 

11170 

Phenyl 

H 

2 

3.0 

84 

I10°(dec.) 

Yellow 

C„H,.N;:S,Cu 

7.00 

6.90 

Phenyl 

C.Hr 

1 

3.0 

56 

50-52° 

Yellow-green 

C,Hi,NS.Cu.2H.O 

4.71 

5.10 

Phctiyl 

C cl icNOz 


2.5 

.50 

10.3-105° 

Red 

C.hH.sX.O.S.Cu 

8.07 

8.5.3 


“ The <lro|i in pH was recorded durin!: the nddition of copper snUate, 

I The meUmK points «ere taken on a Fisher-Johns block and arc uneorrected. 

The nitroKcn analyses were done by the Kjeldabl procedure, using selenized Hengar granules as catalyst. 
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Table III. — Antimicrobial Testing of the 
Dithiocarbamate Salts'* 


Test Organism 

Staphylococcus albus 
Bacillus subtihs 
Mycobactertum tubcrculosts 
Klebsiella pneumoniae 
Trichophyton interdigitale 
Shigella paradysenteriae 
Xanlhoinonas phaseoh 
Montltnia fructicola 
Uslilago avenae 
Alteniana solani 
Fusarium monthfornic 
Colletotrichiim gossypit 
Ascochyta imperfecta 
Sclerohma batahcola 


Inhibitory Concn , meg /ml & 


Phenyl 

2-Pyridyl 

Denv ® 

Denv. 4 

200 

200 

50 

50 

50 

50 

100 


100 

100 ' 


100 

25 

25 

100 

50 

12 5 

12 5 

<6 25 

<6 25 

200 


50 

idd 

25 

200 

50 

50 


** Carried out at the Lilly Research Laboratories by D. 
Fleming 

b The agar dilution technique iias used, the bacteria being 
obseri’ed for forty-eight hours and the bacterial and fungal 
plant pathogens being observed for se\enty-two hours 
Those organisms having no inhibitory levels indicated were 
not affected by 200 meg /ml 

r Ammonium phenjldithiocarbamate 
<1 2-Pyridylammonium 2 pyridyldithiocarbamate 


EXPERIMENTAL 

Ammonium Phenyldithiocarbamate. — The pro- 
cedure of Dains, Brewster, and Olander (7) was 
used A 73% yield of white powder was obtained 
which melted at 92-93° Losanitsch (13) first 
described this compound as decomposing at 100°. 
Dains, cl al , list no phj^sical constants 

Ethyl Phenyldithiocarbamate. — Three grams 
(0 016 mole) of ammonium phenyldithiocarbamate 
and 75 ml (1 mole) of ethyl bromide were stirred 
at room temperature for four hours The mixture 
was filtered, and the Eltrate was distilled under 
reduced pressure The remaining semisolid was 
taken up in ether and allowed to crystallize, giving 
1.25 Gm (41%) of yellow-green crystals; m p 58- 
60° 

J>-Nitrophenyl Phenyldithiocarbamate. — One 

gram (0 005 mole) of ammonium phenyldithio- 
carbamate was dissolved with gentle heating in 30 
ml of distilled ivater. Ethyl alcohol (20 ml ) and p- 
nitrochlorobenzene (1.0 Gm , 0 006 mole) were 
added, and the solution was refluxed for one hour 
A light 3 ’ellow powder precipitated after the solution 
cooled, giving 0 8 Gm (50%) of product melting at 
88-90° 

2-Pyridylammonium 2-Pyridyldithiocarbamate. — 
A solution of 12 Gm (0.31 mole) of sodamide in 50 
ml of benzene was treated dropwise with 25 Gm 
(0 27 mole) of 2-aminopjTidine dissolved in 175 ml 
of benzene with warming. The rauxture was re- 
fluxed for two hours and allowed to cool A solution 
of 17 ml (0 28 mole) of carbon disulfide in 50 ml of 
benzene was then added dropwise with stirring, and 
the resulting solution was refluxed with stirring 
(mercurj' seal) for four hours and allowed to stand 
overnight. The }-ellow precipitate which appeared 


was washed with ether and dried. The yield was 30 
Gm. (86%). Erratic results were obtained from 
Kjeldahl determinations on this product using 
either selenium or mercuric oxide as catalyst, but a 
carbon-hydrogen combustion analysis gave values 
approaching theoretical. The product was con- 
taminated with sodium ion, however. 

Ethyl 2-Pyridyldithiocarbamate. — Three grams 
(0 011 mole) of the 2-pyridyldithiocarbamate salt 
and 75 ml. (1 mole) of ethyl bromide were stirred at 
room temperature for four hours. The mixture was 
filtered, and the filtrate was distilled under reduced 
pressure. The red, oily liquid remaining was dis- 
solved in ether, which was partially evaporated. A 
jdeld of 1.5 Gm. (68%) of red oil was obtained 
which decomposed on attempted distillation under 
reduced pressure. 

/)-Nitrophenyl 2-Pyridyldithiocarbamate. — One 
gram (0.005 mole) of the 2-pyridyldithiocarbamate 
salt was dissolved w'ith gentle heating in 30 ml. of 
distilled water. Ethjd alcohol (20 ml.) and p- 
nitrochlorobenzene (10 Gm., 0.006 mole) were 
added, and the solution was refluxed for one hour. 
A green powder precipitated after the solution 
cooled, giving 0.15 Gm. (10%) of product melting at 
128-130°. 

Chelation with Copper (II) Ion. — The following 
procedure is representative. To a filtered solution 
of 10 Gm (0 05 mole) of ammonium phenyldithio- 
carbamate in 75 ml of water was added gradually, 
with stirring, a solution of 4 Gm. (0.025 mole) of 
copper sulfate in 50 ml of water. During the reac- 
tion the pH dropped from 8 3 to 5 3. A yellow 
precipitate was collected, washed with water, and 
allow'ed to dry at room temperature. The yield was 
9 0 Gm. (84%); and the product decomposed at 
110 °. 

In the corresponding reaction with the esters, an 
organic solvent was used — acetone for the eth)’l 
esters and ethanol for the ^-nitrophenyl esters 
After treatment with aqueous copper sulfate solu- 
tion in which a minimum amount of water was used, 
the unreacted copper sulfate was removed b}' filtra- 
tion. Tlie filtrate was then alloived to evaporate to 
drjmess to yield the complexes 
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Chemical Investigation of Daeinia extensa R. Br/ 


By S. PATTABI RAMAN and A. K. BARUA 


A chemical study of Daemla extensa is de- 
scribed. From the petroleum ether extract 
of the whole plant, three triterpene com- 
pounds and a sterol have been isolated and 
characterized. 

T^acmia EXTENSA R Br (syn Pergularia 
extensa N E Br) belongs to the family 
Asclepiadaceae and it grows wildly m India 
It IS extensively used in the indigenous s) stem of 
medicine in India (1) From the abov'e plant, 
Gupta, el al (2), described a pharmacologically 
active glucosidic bitter pnnciple having action 
on uterus comparable with that of pituitrin 
Dutta and Ghosh (3) reported the isolation of 
four sterols having m p ’s 172-70°, 163°, 157°, 
and 70-80°, respectively, from the same plant 
The bitter pnnciples could not, however, be 
obtained in a pure state, nor were the sterols 
characterized by them In view of the important 
physiological action of the drug, a systematic 
chemical investigation of the whole plant has 
been undertaken by us 

The petroleum ether extract of the plant on 
chromatographic resolution over Brockmann’s 
alumina gave three triterpene compounds, a- 
amyrin acetate, lupeol acetate, and lupeol and 
also a sterol which could be identified as /3 
sitosterol It has not yet been possible to 
crj stallize the bitter fractions obtained from the 
benzene, chloroform, and alcoholic extracts of the 
plant and attempts are being made for the same 

EXPERIMENTAL 

Air dried powdered drug (whole plant, 700 Gm ) 
was Soxhlcled with petroleum ether (b p 60-80°) 
The volume of the extract was reduced to about 100 
cc and was adsorbed on a column of Brockmann’s 
aluiniiia (45 cm x 2 cm ) The column was then 
eluted successnclj with pctroleiiin ether (b p 
GO 80°, 1,000 cc ), petroleum ctlier benzene niixtiirc 
(1 l,G0O cc ), benzene (400 cc ), benzene cliloro- 
forin inixture(l 1 1,200 cc ), and finallj' with metha- 
nol The petroleum ether eluate, on remoi al of the 
soh ent and cn stalhzation of the residue from chloro- 
form nietlniiol mixture, gaic almost white amor 
pilous solids (5 2 Gm , Traction \) The petroleum 
cth er-heii zeiie and benzene cluates, on remo\ al of 

* RccewcU 1 cbnnrj 21 I'l'.S from tile Department of 
Clicmistr> Host Institute Calcutta Indiil 

The iiithors arc indebted to Dr D M Hose Director of 
tills Inslitiilt and to Dr I* K Bose Ifead of the Depart 
inent of Cliemistr> for their keen interest in this wort. 
Thanks also are due to Mrs C Dutta Uni\ersit> Collece of 
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compounds reported in this paper and also to the Got cm 
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tlie soh ent, left residues which on erj stallizatioii 
from aqueous ethanol ga\ e colorless crystalline com- 
pounds of the same m p , 152-164° (0 8 Gm total. 
Fraction B) The benzene chloroform and chloro- 
form eluates gave residues which on cry stallizatioii 
from aqueous ethanol gat e almost colorless flakes of 
the same m p , 131-135° (1 Gm total, Fraction C) 
The methanol eluate left negligible amount of residue 
Fraction A was taken up in benzene (15 cc ) and 
was adsorbed on a column of Brockniaim’s alumina 
(16 cm X 3 cm ) and was eluted with petroleum 
ether (b p 40-60°, 800 cc ), collecting 25 cc por- 
tions The first ten fractions Melded a white amor- 
phous mass (3 Gm , m p 115-137°, Fraction D) 
whereas the subsequent fractions had tlie extended 
m p 140-165° (12 Gm , Fraction E) The latter 
fraction on repeated cry'stalhzation from chloro- 
form methanol mrxture gat e colorless needles, m p 
213-215°, [aln + 47 8° (m chloroform) which did 
not depress the melting point of an autlientic sample 
of lupeol acetate 

A«a/— Calcd for Cj-Hs-Oj C, 8199%, H, 

11 12% Found C, 81 96%, H, 11 3% 

The above product on hydrolysis with ethanolic 
caustic potash (10%) gave colorless needles from 
ethanol, m p 211-212°, which depressed the m p 
of the parent compound but not that of lupeol 
A«a/— Calcd for CjoHsoO C, 84 44%, H, 

11 81% Found C, 84 32%, H. 11 9% 

It gate a benzoate, m p 263-264°, which was 
found to be identical with lupeol benzoate by mixed 
m p determination 

A«o/— Calcd for CnHjiO. C, 83 7%, H, 

10 3% Found C, 83 69%, H. 10 22% 

Fraction D on rechromatography and cry stalhza- 

tion from chloroform methanol gat e shining leaflets, 
m p 222-223°, [a] + 79° (m chloroform), which 

shotted no change m melting point when admixed 
with an authentic sample of a amyrin acetate 
Anal — Calcd for Cj-HsiO- C, 8190%, H, 

11 12% Found C, 81 95%, H, II 25% 

On lit drolyisis with ethanolic caustic potash (10%) 
It gate a compound m p 184-185°, crystallizing as 
needles from ethanol, which was shown to be identi 
cal with or amyrin by mixed in p dctcriniiuition 
Ana! — Calcd for CjoHsoO C, 84 44%, H, 

1181% Found C. 84 3%,, H, 119% 

This gat c a benzoate m p 194-196°, identical with 
a amy rni benzoate 

Ana/— Calcd for Cr IRA- C,&3 7%, H, 10 3% 
Found C, 83 81%, H, 10 38% 

Fraction B was directly benzoylated and chro- 
matographed otcr actite alumina when a fraction, 
III p 261-202°, was obtained in major y leld This 
was shown to be lupeol benzoate by mixed m p 
dctcrmiiiatioii 

A 7ia} —Calcd for CrH^iO- C, 83 7% , H. 10 3 % 
Found. C, 83 G9%, H, 10 22% 

This on by droly sis gat c lupeol Thus fraction B 
IS shown to contiin lupeol ni the free slate 
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Fraction C on repeated cr 3 ^stallization from aque- 
ous etlianol gave shining leaflets, m. p. 136-137°, 
[aiy — 35.5° (in chloroform). Admi.vture with an 
autlientic sample of /3-sitosterol showed no change in 
m. p. 

Ana/.— Calcd. for CjsHsoO: C, 83.99%; H, 

12.15%. Found: C, 83.71%; H, 12.0%. 

With pj’ridine and acetic anhj-dride at 100°, it 
gave an acetate m. p. 127-128°, [a]°D —41.5° (in 
chloroform ). 

Ann/.— Calcd. for CsiHsoOa; C, 81.52); H, 
11.44%. Found: C, 81.6%; H, 11.51%. 

The sterol also furnished a benzoate by the usual 
method, m. p. 143-144°, which did not depress the 
m. p. of an authentic sample of /3-sitosterol benzoate. 

Ana/.— Calcd. for CaeHsiOj: C, 83.34%; H, 
10.49%. Found: C, 83.32%; H, 10.35%. 


Vol. XLVTI, No. 8 
SUMMARY AND CONCLUSIONS 

The petroleum ether extract of Daemia externa 
R. Br., has been found to contain a-amyrin 
acetate, lupeol acetate, lupeol, and d-sitosterol. 
It appears that the sterols obtained by the 
previous workers were not homogeneous com- 
pounds but mixtures of the above substances. 
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Bromide Intoxication II. Biochemical and 
Hematological Aspects* 

By IRA ROSENBLUM and THOMAS L. HAWKINS, Jr. 


Progressive bromide intoxication in dogs was 
shown to be accompanied by a decrease in 
the volume of the extracellular space and in 
the terminal stages by hemoconcentration. 
Mild and transient anemia and leukocytosis 
occurred in a number of dogs and the sedi- 
mentation rate was accelerated in almost all 
the animals. 

T\espite the fact that chronic bromide in- 
toxication is regarded as being largely 
neurointoxication, there is little evidence which 
excludes the possibility that other sy'stems are 
affected. In a comprehensive review of the 
clinical literature of bromide intoxication through 
1940 (1) there was no mention of the state of 
liver and kidney function, electrolyte levels, 
add-base equilibrium, etc. Since then, Clark, 
cl al. (2), have examined the effects of small doses 
of bromide on some of these systems in animals. 
Experiments carried out in this laboratory^ (3) 
have demonstrated that dogs intoxicated chroni- 
cally with varying doses of bromide become 
emaciated, lose weight, and otherwise show 
signs of systemic dysfunction although signs of 
neurointoxication are absent. This would sup- 
port the possibility^ that bromide disturbs the 
function of systems other than the central nervous 

* Received February 24, 195S. from the Department of 
Pharmacology and the Sub-Department of Hematology, 
.Albany Medical College, Albany, N. Y. 
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sy'stem. The present experiments were per- 
formed to assess the function of some of these 
systems during chronic bromide intoxication. 

METHODS 

Adult mongrel dogs of both sexes were used. 
These animals were treated with a standard veter- 
inary' vermifuge and inoculated against canine dis- 
temper and hepatitis prior to the start of the experi- 
ments. They were kept in individual metabolism 
cages during the entire e.xperimental period and 
maintained on a diet of commercial dog food, 40 
Gm./Kg. of body weight per day, with water avail- 
able at all times. 

Because each dog was to serve as its own control 
in these experiments, biochemical and hemato- 
logical measurements were made at least twice on 
each dog before administration of bromide was 
begun. The course of experimental bromide 
intoxication in dogs produces signs which resemble 
those seen in man. These have been reported in 
detail elsewhere (3). In these experiments two 
procedures were used to produce bromide intoxica- 
tion. In one group of 4 dogs, intoxication was prO' 
duced rapidly' by administering an initial dose o 
400 mg. of sodium bromide per Kg. of body' weiglit 
per day. This dose was increased once after three 
weeks to 500 mg. of sodium bromide per Kg. of bod) 
weight per day. These dogs were used in one hema- 
tological experiment. Death occurred rapid!) m 
this group and all were dead by the end of the si.xtn 
week of administration of sodium bromide. Slow in- 
toxication was produced in three groups, each of our 
dogs, by giving 200 mg. of sodium bromide per g- 
of body weight per day initially. This close was in 
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creased every six weeks by 100 mg, of sodium bromide 
per Kg. of body weight per daj' until one of the 
animals died. The maximum dose of sodium bro- 
mide which was reached by this procedure was 600 
rag. per Kg. of body weight per day. These groups 
were used in both the biochemical and hemato- 
logical experiments. 

Biochemical Methods. — Blood glucose xvas de- 
termined by the method of Nelson and Soniogyi 
using zinc sulfate-barium hydroxide to deproteinize 
the blood. Urea was converted to ammonia with 
urease and the nitrogen determined spectrophoto- 
metrically using Nessler’s reagent. The COj com- 
bining power of serum was measured manometrically 
by the method of Peters and Van Slyke. 

Bromsulfalcin retention was measured forty-five 
minutes after injection of the dye. Serum Na and 
K were measured using a Beckman flame photom- 
eter with an internal lithium standard. Refer- 
ences to these foregoing procedures may be found 
in Hawk, Oser, and Summerson (4). Serum in- 
organic phosphorus was measured by the method of 
Gomori (5), plasma volume was measured by the 
method of Gibson and Evans (6), and the thio- 
cyanate space was measured by the method of 
Gregerson and Stewart (7) using Bowler’s method for 
determining thiocj’anate (S). Serum calcium was 
determined by the method of Kibrich, el al. (9), 
and blood bromide was determined by the method 
of Brodie and Friedman (10). Urinary copropor- 
phyrins were measured by the fluoromctric method 
of Schwartz, el al. (11). 

Hematological Methods. — ^Measurements were 
made on blood drawn from the jugular vein using 
heparin as an anticoagulant. Single erythrocyte 
and leukocyte counts were made using one blood 
pipet and the Neubauer hemocytometer. Differen- 
tial leukocyte counts were made on slides stained by 
Wright solution. Reticulocyte counts were made 
by the "dry” method using brilliant cresyl blue as 
the stain. Hemoglobin determinations were made 
with the Fisher Electro-Hemometer. Hematocrit 
and “corrected” sedimentation rate were measured 
by Wintrobe’s method (12). Bone marrow aspira- 
tions were made with an 18-gauge needle from a 
spinous process and were processed according to 
Propp’s method (13). 

RESULTS 

Biochemical. — The biochemical values of the con- 
trol period are compared to those at seven and 
twenty weeks after administration of sodium bro- 
mide in Table 1. Thereafter measurements were 
obtained from only one dog in each group and so 
could not serve as a basis for comparison with the 
control values. 

An important sign of bromide intoxication in dogs 
is the appearance of emaciation and weight loss on 
undiininished food intake. The effect occurs in 
most dogs at doses of bromide which cause no other 
signs of toxicity. One cause for this change appears 
to be a reduction in the x'olume of the e.xtraccllular 
space. In this group of dogs, the mean control 
value for the extracellular (thiocyanate) space was 
322 ± 39 ml. /Kg.; after the seventh week of inges- 
tion of bromide it had fallen to 225 ± 27 nil./Kg. 
9 he plasma volume did not however change signifi- 
cantly during this time and the scrum electrolytes 


Table I. — Average Biochemical Values in Dogs 
Before and After Administration of Sodium 
Bromide (Slow Into.xication) 



Initial 

7 X\'k.l'.'= 

No. of Dogs 

4 

3 

Blood Br, 

meq./L. 

0.7 ± 0.1“ 

52.8 ± 5.6“ 

Scrum Na, 



meq./L. 

147 ± 1 

142 ± 1 

Serum K, 

meq./L. 

4.1 ± 0.1 

4.4 ± 0.1 

Plasma vol.. 

ml./Kg. 

42.2 ± 3.8 

45.0 ± 4.7 

SCN space. 

ml./Kg. 

323 ± 39 

225 ± 27 


** Standard deviation of mean. 

Only one dog survived after the seventh week. 

« The dose of NaBr at this time was 300 mg. /Kg. of body 
weight per day. 


were likewise unaltered. Changes in plasma 
volume and serum sodium and potassium do some- 
times occur during bromide intoxication, especially 
during the terminal stages when the animals are 
no longer able to eat or drink. At that time, serum 
sodium and potassium are elevated, probably due to 
hemoconcentration since the plasma volume is re- 
duced and the hematocrit values increased. 

Emaciation may also be the result of derangements 
in metabolism. The liver and kidney are important 
organs which are concerned with the metabolism of 
protein and carbohydrate so that dysfunction of 
these organs might well lead to emaciation and 
weight loss. Several functions of these organs were 
studied in a group of four dogs. These studies indi- 
cate that neither bromsulfalein retention nor blood 
urea nitrogen were changed significantly during 
bromide intoxications. For e.xample, the mean con- 
trol value for bromsulfalein retention was 4 ± 3% 
and after twenty weeks of ingestion of sodium bro- 
mide it was 3 ± 2 %. The mean control blood urea 
nitrogen was 16.7 ± 2.1 mg./lOO ml. and after 
twenty weeks of ingestion of sodium bromide it was 
14.7 ± 2.9 mg./lOO ml. 

It is also evident that these organs were able to 
contribute to the maintenance of the blood glucose 
at about the control level (i. e., control blood glucose, 
84 ± 10 mg./lOO ml., after twenty weeks, 80 ± 10 
mg./lOO ml.). Other values which were essentially 
unchanged after twenty weeks of ingestion of sodium 
bromide were serum calcium, serum phosphorus, 
serum carbon dioxide combining power, and total 
urinary coproporphyrins. 

Hematological. — The hematological values of the 
control period are compared to those at seven and 
nineteen weeks after administration of sodium bro- 
mide in Table II, in dogs which underwent slow 
intoxication. There was little difference between 
the responses of those dogs subjected to rapid in- 
toxication and those slowly intoxicated and they will 
be considered together. 

There is little definite information in the litera- 
ture about the status of the hematopoietic system 
during bromide intoxication. When high blood 
bromide levels are encountered in cases of human 
bromide intoxication, the changes observed in the 
hematopoietic system are equivocal (14). However 
it has been suggested that both mild anemia and 
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Table II — Average Hematological Values in Dogs Before and After Administration of Sodium 

Bromide (Slow Intoxication) 


No of dogs 
Blood Br, meq /L 
Erythrocj tes X lO'/cu mm 
Reticulocytes, % 

Hemoglobin, Gm /lOO ml 
Hematocrit, % 

Leukocjtes X lOVcu mm 
Band Neutrophils, % 

Mat Neutrophils, % 

L^ mphocj tes, % 

Monocytes, % 

Eosinophils, % 

Sedimentation Rate, mm /hour 


•Group 1 


Initial 


7 Wk b.d 

4 


3 

0 8 ± 0 

1" 

52 8 ±5 6“ 

5 8 ± 0 

5 

5 0 ± 1 3 

0 4 ± 0 

3 

0 8 ± 0 5 

11 8 ± 0 

6 

11 1 ± 1 9 

41 ± 3 


32 ± 6 

15 0 ± 3 

6 

25 1 ± 17 0 

8 ± 2 


11 ± 7 

68 ± 4 


71 ± 1 

16 ± 5 


12 ± 5 

2 ± 1 


5 ± 2 

5 ± 4 


5 ± 2 

4 ± 1 


31 ± 11 


Initial 

—Group 2 

10 Wk f « 

4 


3 

0 7 ± 0 

i” 

52 3 ± 9 2” 

6 8 ± 0 

7 

6 1 ± 0 1 

14 8 ± 1 

1 

13 1 ± 0 C 

47 ± 5 


39 ± 1 

12 5 ± 1 

9 

14 2 ± 3 1 

8 ± 4 


5 ± 1 

65 ± 3 


71 ± 6 

15 ± 5 


14 ± 6 

8 ± 5 


5 ± 1 

5 ± 4 


6 ± 1 

8 ± 5 


23 ± 1 


^ Standard deviation of mean 
6 Only one dog sur\ived after the seventh week 
^ Only t\vo dogs survived after the nineteenth week 
The dose of NaBr at this time was 300 mg /Kg of body weight per day 
« The dose of NaBr at this time was "lOO mg /Kg of body weight per day 


transitorv leucocytosis does occur (14), and our 
observations would seem to bear this out 

Erythrocytes. — Some decrease in erythrocytes was 
noted in dogs in both groups during the course of 
intoxication These animals showed concomitant 
decreases in hemoglobin and hematocrit values 
The greatest loss of hemoglobin was approximately 
6 Gm /lOO ml which occurred in a dog in group two, 
fourteen veeks after administration of sodium bro- 
mide This dog’s hemoglobin value gradually rose 
toward the control value by the nineteenth week 
Two dogs in group one showed losses of approxi- 
mately 2 Gm /lOO ml of hemoglobin six weeks after 
administration of sodium bromide was begun 
However, the anemias noted m most of the animals 
were not marked 

Leukocytosis. — Two of the dogs in group one 
showed striking increases in total leukocyte counts 
These dogs showed counts of 83,000 and 53,000, four 
weeks after administration of sodium bromide was 
begun One of them died at the end of the fifth 
week, the other continued to show an elevated 
leukoc) te count at the seventh week and it died on 
the eighth week Three of the dogs in group two 
developed leucocytosis of a milder degree but this 
decreased to approximatelj' the control levels by the 
nineteenth week There was little change in the 
differential leukocyte counts in anj' of the dogs and 
no early cell forms were seen 

Bone Marrow. — Studies were made of the bone 
marrow of the dogs in group 2 Twenty-eight 
examinations w ere made in all, both before and dur- 
ing administration of sodium bromide The inter- 
pretation w'as based on inspection of all the material 
obtained; no differential counts were done The 
Granulocytic/Erythrocytic ratios (G/E) of 3 dogs 
varied from 1/1 to 3/1 One dog persistently had 
ratios of 4/1 to 6/1 There was no significant change 
in cellulanty or G/E ratio during the course of 
intoxication No increases were noted m blast 
forms or defects m maturation Megakaryocytes 
remained normal in number and appearance 

Sedimentation Rate. — ^Accelerated sedimentation 
rates were noted in all animals following administra- 
tion of sodium bromide These remained elevated 
throughout the course of intoxication Such changes 
were seen even in those dogs which showed no signs 


of anemia and so were probably not caused b\ 
changes in the size and hemoglobin content of the 
erythrocytes These findings in dogs are in agree 
ment with those of Dax (15) who reported acceler- 
ated sedimentation rates in 19 of 59 cases of human 
bromide intoxication Since the sedimentation rate 
is influenced by the composition of the plasma pro 
teins, acceleration of tlie rate may indicate that an 
imbalance in plasma protein fractions occurs during 
bromide intoxication 

SUMMARY 

1 The progressive intoxication of dogs with 
sodium bromide results in a striking decrease m 
the volume of the extracellular space. In the 
terminal stages of intoxication, plasma volume 
may be decreased and serum sodium and potas- 
sium elexmted as a result of hemoconcentration. 

2. Both mild and transitory anemia and 
leucocytosis was observed in a number of dogs 
Severe leukocjTosis developed in onl}’ two dogs 
Acceleration of the sedimentation rate occurred 
in most dogs during bromide intoxication 


REFERENCES 

(1) Moore, M , Seller, T , and Alexander, L , Cotifittia 

iVeKTOl , 98, 1(1940) „ , 

(2) Clark, B B , Adams, W L , and Morrissey, K . ■' 
Pharmacol Exptl Therap , 69, 280(1940) 

(3) Rosenblum, I , jbtd , in press 

(4) Hawk, P B , Oser, B L , and Summerson \\ « 
“Practical Physiological Chemistry,” 13th ed , Blakiston i 
York, 1954 

(5) Gomon, G , / Lab Cltn Med , 27, 055(1911) 

(G) Gibson, J G , and Evans, \V A J , J Cltn Invest . 
17, 153(1938) , , 

(7) Gregerson, M I , and Stewart, J D , Am J E'ty • 
125, 142(1939) 

(8) Bowler, R G , Biochem /, 38, 385(194 1) 

(9) Kibrich, A C , Ross M . and Rogers, H I . 

Soc Exptl Biol Med , 81, 353(1952) , 

(10) Brodie, B B , and Friedman, M M , ^ Biol uie”‘ > 

124, 511(1938) ^ . r rab 

(11) Schwartz, S , Zieve, L , and Watson, C J • 

C/i« Med , 37, 843(1951) . „ ,,,, -a 

(12) Wintrobe, M M, “Clinical Hematolog>, 

Lea and Febiger, Philadelphia Pa , 195G, p 314 

(13) Propp, S , Blood, 6, 585(1951) •rtP/moti 
04) Craven, E B , Am J Med , 186, 525(19^ 0 
(15) Dax, E C , Brtl Med J , 2, 220(1910) 


I 


Synthesis of Epoxide Polymers of 
Steroidal Compounds* 

By W. F. HEAD, JR.,t and W. M. LAUTER 

A series of twenty ethylene oxide and propylene oxide addition polymers of ^solic 
acid and some of its derivatives have been made and characterized. In addition, an 
ethylene oxide and propylene oxide polymer of cholic acid and ethylene oxide poly- 
mers of vitamin A, vitamin Dj, vitamin E, cortisone, estradiol, and testosterone are 
reported. Attempts to prepare steroidal polymers with highly branched or cross- 
linked side chains by using glycidol and epichlorhydrin were unsuccessful. The 
most acceptable structures as determined from molecular weight and solubility data 
were determined. Percentage polyalkylene oxide content, solubilities, and mo- 
lecular weight or chain length distributions are presented. 


U RSOLIC ACID, its alkali, alkaline earth, and 
other metallic salts have been examined 
for possible use as emulsifiers in various emulsion, 
ointment, and cosmetic formulations (1, 3); 
however, none of these products offers serious 
competition to the presently available surface- 
active agents used for these purposes. The 
effectiveness of these salts is probably hindered 
by their extreme hydrophobic character. One 
of the aims of this investigation was to extend 
the work previously done in the light of some of 
the newer concepts of the chemistrj' of surface- 
active agents in the hope of obtaining a product 
or series of products derived from ursolic acid 
which are equal to or superior to those in present 
use. 

The introduction of more hydrophilic groups 
into ursolic acid derivatives and similar com- 
pounds would seem to facilitate their surfactant 
properties by bringing about a better oil-soluble, 
water-soluble balance within the molecule. 
Hydrophilic, nonionic, polyalkylene oxide chains 
were utilized in this work because of their com- 
patibility with a larger variety of materials. 
The number of these chains projecting from the 
steroidal nucleus can be varied by virtue of two 
reactive centers existing in ursolic acid. Con- 
sequently, the degree of hydrophilicity can be 
varied by the use of the proper intermediate. 
The intermediates were chosen so that the attach- 
ment of polyepoxide chains could be controlled 
in number and position, thus producing a series 
of compounds which would orient themselves 
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properly at various liquid-liquid interfaces. 
Also, two epoxide monomers, which produce 
polyalkylene oxide chains with different hydro- 
philicitics, were used. These were ethylene 
oxide and propylene oxide, the latter being less 
hydrophilic. As this work progressed, the in- 
formation obtained was extended to cholic acid, 
which is similar to ursolic acid in structure and 
properties, for purposes of increasing its own in- 
herent surface activity. 

Another facet of this investigation, that of in- 
ducing water solubility in a normally insoluble 
compound, was also suggested by the experi- 
mental data obtained using ursolic acid. A 
series of polyethylene oxide poljTners of various 
water-insoluble vitamins and hormones were pre- 
pared with the hope of producing water-soluble, 
physiologically active materials. In this manner, 
pharmaceutical formulation and dosage ad- 
ministration problems might be minimized. 

EXPERIMENTAL 

Materials. — The monomers and initiators, with 
the exception of ursolic acid, were all obtained from 
reputable manufacturers and were considered to be 
of sufficient purity to use without further purifica- 
tion. 

Generous quantities of crude ursolic acid were 
supplied by the National Cranberry Association, 
Hanson, Mass. The crude material contains 25- 
50% ursolic acid, the remainder being composed 
of other triterpenoids, resins, triterpenoid acids, 
sterois, waxes, extraneous plant material, and color- 
ing matter. Purification was carried out by two 
methods, one employing dccolorization of the am- 
monium salt (3) and the other simply dccolorization 
of an alcoholic solution of the free acid (4). Tlic 
former method is somewhat longer but purer ursolic 
acid is obtained after fractional crystallization. 
The semipure product from the free acid decolori- 
zation is obtained quickly and is probably 90-95% 
ursolic acid. Since the polymers produced are mix- 
tures themselves, this material was also considered 
acceptable. 

From the purified ursolic acid, various compounds ' 
were made so that polyepoxide chains could he 
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attached selectivelj'. These intermediates have 
been described previously and are as follows: 
ursonic acid (5), sodium ursolatc (0), calcium urso- 
late (7), acetjd ursobd amide (8-10), ursolyl amide 
(10), methyl ursolate (11), ursoljd amine C-2 (10), 
and ursolsd amine C-28 (10). 

Methods. — For the preparation of these polymers, 
the reaction of liquified epoxides ivith initiator 
(corresponding to ursolic acid, its derivatives, cholic 
acid, and various vitamins and hormones) and cata- 
lyst under pressure and in the absence of solvent 
was utilized. A stainless steel bomb with snugly 
fitting, glass bomb liners of approximately 125-ml. 
capacit 5 ', E. H. Sargent and Co. number S-66950, 
was used. The top of the bomb was fitted with a 
pressure gauge reading 0-300 psig. 

In general, 0.5 Gm. to 1.0 Gm. of initiator, ap- 
proximately 0.5% to 1.0% catalyst, usually crushed 
sodium hydroxide or potassium hydroxide pellets, 
and 50 ml. to 60 ml. of epoxide at —20° were mixed 
well in the bomb liner, inserted into the bomb and 
heated. In some cases, the initiator was freely 
soluble in the monomer even at —20°; it was felt 
that those initiators which were not completely 
soluble dissolved as the temperature was increased. 
The pellets of alkali catalj'sts were crushed to pro- 
vide more catalytic surface area, although this 
meant the introduction of a very slightly larger 
quantity of moisture into the mixture. Moisture, 
in significant amounts, is very undesirable in these 
processes since epoxides react with water to pro- 
duce polyepoxides at a rate highly competitive with 
the desired reaction. For this reason, all mixing 
was done as quickly as possible and the hygroscopic 
alkalies were not allowed to be exposed to the air any 
longer than necessary. 

As the temperature increased, the pressure also 
increased and an attempt was made to find that tem- 
perature which would produce a pressure maximum 
of approximately 150 psig. In some cases, “peak- 
ing” occurred and pressures well in excess of 300 
psig. were encountered. An indication of reaction 
termination was considered to be a drop in pressure 
without alteration of heat input. In some cases, 
with the more reactive initiators, a drop in pressure 
of 150 psi. took place within seven hours. With less 
reactive monomers or initiators a drop of only 10 
psi. to 20 psi. was observed after forty-eight hours or 
even longer. This did not mean that polj'meric 
material was not formed, rather that some monomer 
remained unreacted. Only a verj' small amount 
of epoxide is required to maintain a high pressure 
and rarely did pressures fall completely to 0 psig. 
without removing the source of heat. 

At the termination of a reaction, excess unreacted 
monomer was allowed to escape from the safety 
valve and the bomb was opened. Products ob- 
tained were either waxy solids or semisolids or vis- 
cous, oily liquids. In most cases a slight tan 
coloration was imparted to the compounds and puri- 
fication was considered necessarjL For removal of 
this color, decolorization by heating a chloroform 
solution of the polymer mass with animal charcoal, 
filtration, and evaporation of the chloroform was 
employed. 

It was considered necessary to determine if a poly- 
■mer, other than a polj'alkjdene oxide, had been 
formed. This was accomplished by applying the 
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Liebermann-Burchard test for the presence of the 
steroidal nucleus to the purified polymer (12). In 
addition, certain solubility relationships were akn 
used. While the ethylene oxide polymers pro- 
duced were completely water soluble, a physical 
mixture of the polyethylene glycols, corresponding 
in molecular weight to that of the polymer formed, 
and the initiator material, when dissolved in water, 
deposited nearly all of the initiator in the form of a 
white precipitate. The propylene oxide polymers 
were insoluble in water; how'ever, they did not de- 
posit initiator material as did the corresponding 
control tests. 

A series of reactions, using both ethylene oxide 
and propylene oxide, was performed, in the presence 
of catalyst only, for varying periods up to seventj'- 
two hours. The amount of polymer formed was 
weighed. It is improbable that this polymer could 
have been formed from any reaction other than that 
between the epoxide and trace amounts of water in 
the catalyst, producing polyalkylene oxides, since 
initiators were not present. From these data, ctnyes 
were constructed so that the amount of polyalkylene 
oxide in an 3 ’ of the steroidal polymer masses could 
be approximated bj' observing the time length of the 
reaction. 

Polyepoxide chains terminate at some point in a 
hydroxyl group. The unknown factor in this series 
of compounds was the number of these chains pro- 
jecting from a given initiator. This was usually de- 
termined by noting the number of hydrogen atoms, 
available for polymerization, appearing in the initi- 
ator. This is not always true because of steric 
hindrance, hydrolysis during the course of a reaction, 
etc. 

The end hj’droxyl groups of all polymers were de- 
termined by the method of Siggia (13). Calcula- 
tions were then based on the most likely structure for 
determining the molecular weight. As additional 
data, molecular weights were also determined using 
an ebullioscopic method with chloroform as the 
solvent (14). If these two methods gave results 
which were in support of each other, the structure 
chosen was taken to be the most acceptable. If the 
physical data did not agree with the chemical 
method, the latter ivas recalculated using a different 
number of projected polyoxjmlkylene chains. This 
changes the number of end group hydroxyls which, 
in turn, causes the molecular weight value to vary 
when the same data used before are applied. The 
number of chains were not simply picked at random, 
but had to be compatible wdth the number possible 
using a given initiator. Recalculations were made 
until the two methods w'cre in agreement, then this 
structure was accepted. In some cases, the poly- 
mers were polyoxyalkjdene esters. Therefore, for 
these compounds, a third molecular weight deter- 
mination was made using saponification data (15). 
Agreement for one structure was then required of all 
three methods of analysis. In this way, the most 
acceptable structure and molecular weight for all 
polj’mers ivere determined. 

In order to determine the molecular weight dis- 
tribution and the corresponding percentages b> 
weight of the total polymer mass, a Poisson dis- 
tribution, based on the determined average molec- 
ular weight, was calculated (16). The average 
number of epoxide units per polj'incr molecule, as 
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obtained from molecular weight data, is represented 
by V in the equation below, where Wx is the w eight 
percentage of a particular X-nier, and -Y is the num- 
ber of epoxide units m this X-mer. 

= r_z_i 

" Lr + iJ e- (X - 1)1 

A representative curve is shown in Fig 1 for the 
eth 3 ’lene oxide polj-iner of ursolic acid. The values 
of V for the remainder of the polymers are reported 
as av'erage chain length in Tables I and II. 

Results. — The most acceptable structures for the 
polj'mers reported are the same as would be pre- 
dicted from the active polymerizable hydrogen con- 
tent of the respective initiators, with the e.xception 
of the ethylene oxide polymer of acetyl ursoljd 
amide and the propjdene oxide polymer of ursolic 
acid. 

Since the acetj'I group has active hydrogen atoms, 
it is possible that epoxide reaction could occur at this 
point In order to determine if this mechanism iias 
taking place in the synthesis of the acetyl ursoljl 
amide-ethylene oxide polymer, prcgnenaloiie ace- 
tate, a compound containing a ketonic carbonj’l 
group and an acetate ester but no other source of 
available hydrogen, was chosen as a blank. A poly- 


Tadle I. — Reaction Conditions and Properties of Ethylene O.xtde Polymers 




P<>lyeth% lene- 
Oxide Content % 



A\ Chain 
Length^ 

Initiator 

Time. Hr Temp , ®C 

A 

n c 

Ursolic acid 

7 

100 

8 0 

3,657 

3,360 4,793 

73 

Ursonic acid 

12 

100 

3 9 

1,700 

2,170 1,485 

28 

Sodium ursolate 

H 

100 

6 5 

1,260 

1,400 

18 

Calcium ursolate 

20 

100 

10 0 

2,492 

2,100 

35 

Methyl ursolate 

50 

100 

53 5 

707 

885 

5 

Acetjd ursolyl amide 

48 

110 

59 0 

890 

1,200 2,200 

e 

Ursolj'l amide 

48 

no 

50 0 

9,159 

8,590 

197 

Ursolyl amine C-28 

02 

no 

31 4 

2,220 

1,959 

49 

Ursolj'l amine C-2 

50 

no 

38 4 

7,000 

0,500 

149 

Cholic acid 

46 

no 

30 4 

9,150 

9,800 

164 

Crude ursolic acid 

67 

110 

27 0 

5,000 

6,300 

103 

Vitamin A 

20 

100 

10 0 

1,600 


30 

Vitamin E 

10 

100 

3 7 

780 


8 

X’itamin Da 

16 

100 

7 0 

2,769 


54 

Cortisone 

20 

100 

10 0 

1,514 


20 

Estradiol 

11 

100 

3 7 

2,000 


39 

Testosterone 

13 

100 

0 0 

830 


12 


“ A — Kn(l group hjjIrox>l determination 11 — ebulhoscoiuc data and C — saponification data 
& Keported as monomer units per p(il>irer molecule, based on end group droxyl determination 
® For discussion see results 



Fig 1 — Distribution of chain length in ursohe 
acid-etlij lene oxide poKmier. 


Table II. — Reaction Conditions and Properties of Propit-ene O.xide Polxtsiers 


Initiator 

Reaction 

Time, Hr Temp , ®C 

Polypropj lene- 
Oxide Content, % 

A 

Molecular W'eieht** 

B C 

Av. Cham 
Lengtht 

Ursolic acid 

30 

HO 

8 3 

1,015 

935 770 

10 

Ursonic acid 

48 

135 

17 7 

1,050 

900 727 

11 

Sodium ursolate 

21 

135 

5 0 

835 

1,000 

G 

Calcium ursolate 

46 

135 

16 9 

1,910 

2,200 

17 

Methyl ursolate 

72 

135 

49 0 

719 

1,000 

4 

Acetyl ursnlvl amide 

49 

135 

02 0 

1,425 

1,400 1,.540 

10 

Ursolyl amide 

00 

135 

45 0 

3,882 

3,000 . . 

59 

Ursolyl amine C-2S 

62 

135 

73 0 

2,000 

2,200 

37 

Unsolvl amine C-2 

72 

135 

69 0 

3,094 

2,750 

5,600 5,010 

53 

Cholic acid 

46 

135 

19 5 

5,800 

93 

Cnuie ursolic acid 

49 

135 

29 0 

1,184 

1.310 

13 


^ A — End KT*>iip lijclrox\I dclLrniimlion. li — cbiillioscopic data, and C — ^ iponification data 
1- Ueportid ns monomer units per ptd>mcr moltcnlt, bastil on end urniip Ipdroxjl dttermmalion. 
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menzation reaction similar to the general method 
was carried out using this compound as the initiator 
and sodium hj droxide as the catalyst After only 
forty eight hours at 110° (compared to fifty eight 
hours for the acet) 1 ursolj 1 amide initiated reaction), 
a pol> meric mass was obtained Attempts were 
made to isolate pregnenalone acetate from the mix- 
ture by Soxhlet extraction using hexane and by 
preparing the semicarbazonc from an aqueous solu 
tion, howeier, these attempts failed It was con- 
cluded, therefore, that pregnenalone acetate had, by 
some mechanism, become incorporated as a chemical 
part of the polj nier molecule 

It is possible that ethjlene oxide reacted with the 
active hj drogen of the acetj 1 group or that from the 
ketonic group Hj drolj sis also might have oc 
curred and left a hj droxj 1 group in the place of the 
acetj I group A mechanism similar to the first is 
known to take place with the carbanioii of ethjd 
acetoacetate (17) 

As noted in Table I, the average molecular weight 
values, as determined by three methods are not 
close enough to assign any one structure to the poly- 
mer and it is probable that a mixture of materials 
was obtained Saponification and hydroxjd value 
molecular weight are based on a polymer whose 
initiator contains an intact, unsubstituted acetyl 
group and two polj oxj ethylene chains attached to 
the amide nitrogen 

The propylene oxide polymer of this same initiator 
does not show this apparent reaction course If the 
acetj 1 group remains intact and carbanion formation 
assumes secondary importance, then the only 
locus of reaction is the stencally hindered amide 
function The low yield obtained of this poljmer 
might be explained on this basis Additional sup 
porting evidence was the failure of pregnenalone 
acetate initiated reactions to produce any polymeric 
material w itli the less reactive propylene oxide 

The propjlene oxide polymer of ursolic acid ap 
pears to have onlj one polymer side chain attached 
to the nucleus The analogous polymer m the ethyl 
ene oxide series has long chains attached to both the 
carboxyl and hj droxyl groups of ursolic acid, while 
the propylene oxide polymer seems to contain a 
hj droxyl chain only A structure which contains 
one terminal hydroxyl group is the only one which 
will correlate the analytical data A carboxylate 
polj mer w ould not be justifiable, since the secondary 
hj droxyl group on the original ursolic acid nucleus 
would respond to acetylation (as performed in the 
analjsis for hydroxjl value) as would the hydroxjd 
group of the polymer chain The steric hindrance 
imposed on the carboxyl group bj the methyl groups 
in positions 14 and 20, in addition to the more bulkj' 
nature of propylene oxide as compared to ethjdcne 
oxide, are probablj factors which cause hjdroxjd 
reaction to be preferable 

Since the polj mers of vitamins A, Di, and E, and 
estradiol, cortisone, and testosterone were prepared 
primarilj' to see if thej w ere water soluble, only the 
ethjdene oxide series was prepared All of these 


polj mers were water soluble, vitamin A poljmcr 
solutions being opaque Whether the polj mers 
have retained the pharmaeologic activity of the 
respectiv e initiator is being investigated 

The specific properties of each poljmer and re 
action conditions are sunimarizcd in Tables I and II 
Geiierallj', the ethj lene oxide polymers were either 
solids or scmisohds, melting from 27° to 52°, and 
being soluble m water and chloroform and slightly 
soluble to insoluble in organic solvents such as 
acetone, alcohol, benzene, hexane, and ether The 
propylene oxide polj mers w ere all viscous liquids and 
were soluble in most organic solvents and msolnble 
in water 

Polycpichlorhj drill contains a regularly repeating 
chlorometlijd group which may be reacted with 
magnesium oxide to produce an ether linkage he 
tween individual chains (18) If ursolic acid or its 
derivatives could be used to initiate the polyitieriza 
tion, it too would appear at intervals m this cross 
linked polymer In order to investigate the prop 
erties of a polj’mer whose side chains occupy a 
comparatively large area with respect to ursolic 
acid, attempts were made to prepare these com 
pounds Various heating times, temperatures up 
to 200°, and sodium hydroxide, aluminum chloride, 
metallic sodium, and aqueous and concentrated 
sulfuric acid as catalysts were employed but the 
desired products did not materialize 

With the same purpose m mind, glycidol was used 
as the monomer When this epoxide attaches to an 
initiator, a secondary alcohol group is generated in 
addition to the primary hydroxyl group alreadj 
present Again, acceptable products were not ob 
tamed It is thought that monomer self-polj- 
merization is a much more predominant reaction 
than the reaction with ursolic acid 
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Surface Activity of Ethylene Oxide and Propylene 
Oxide Polymers of Steroidal Compounds* 

By W. F. HEAD, Jr.,t and W. M. LAUTER 

The effects of the ethylene oxide polymers of ursolic acid, some of its derivatives, 
and cholic acid on surface and interfacial tensions and on the formation of otl-in- 
water emulsions and transparent emulsions are described. In addition, the cotton 
tape modification of the Draves test was employed for evaluation of these pmpounds 
as wetting agents. The propylene oxide polymers of these same initiators were 
found to be incapable of aiding in the formation of water-in-oil or oil-in-water 
emulsions. These polymers were evaluated by preparing a series of water-in-oil 
ointments and by noting their effects on interfacial tension. 


T N THE PRECEDING PAPER, the preparation of a 
-*■ series of polymers, designed in structure to 
fulfill the requirements of surface-active agents, 
was described. To evaluate these polymers as 
surfactants, the usual methods were employed 
using rather widely accepted commercial prod- 
ucts as standards of comparison 

EXPERIMENTAL 

Surface Tension and Interfacial Tension Meas- 
urements. — ^Perhaps the most common evaluation 
technique used for any surfactant is to measure its 
ability to decrease the surface tension exerted bv 
water One-tenth per cent aqueous solutions of the 
polymers m the ethylene oxide series were screened 
for this ability using the du Nouy tensiometer 
method After these data were collected, the solu- 
tions were overlaid with light liquid petrolatum and 
the intcrfacial tensions determined. Since the poly- 
mers in the propylene oxide series were all insoluble 
in water, data were collected for interfacial tensions 
only This was accomplished in the same m.anner 
as with the ethylene oxide polymers except that the 
propylene oxide polymers, 0 1%, were dissolved in 
the light liquid petrolatum, then underlaid with 
w ater. 

For comparison purposes, data u ere obtained for 
0 1% solutions of Tueen 80® (polyoxyetln Icnc 
sorbitan monoolcate)* and Aerosol O T- (dioctjl 
sodium sulfosucciiiatc) along with the cthj lenc oxide 
polymers As the standard of comparison for the 
iwopyleiie oxide polymers, a 0 1% solution of Span 
GO® (sorbitan monostearate)' in light liquid petrola- 
tum \%as employed. Polyethylene glycol and poly- 
propylene glycol solutions were tested in a similar 
manner in order to see if the steroidal polymers were 
more surface active. The results are shown in 
Table I. 

Wetting Agent Evaluation. — Tlie capability of a 
surfactant to be a good wetting agent is frequently 
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Table I — Sureace Tension Effects or Varioes 
Polymers and Certain Standards” 


Surface 

Inter- 

facial 


Tension, 

Tension in 

Solution 

Dynes/cm 

Dynes/ 

Distilled Water 

72 0 

46 3 

Tween 80 

42 5 

7 8 

Aerosol O T 

30 8 

2 5 

Polyethylene Glycol 1540 

62 5 

31 9 

Polyethylene Glycol 4000 

62 5 

29 9 

Ethylene 0.\ide Polymer of: 

Ursolic Acid 

44 1 

9 7 

Ursonic Acid 

42 3 

7 8 

Sodium Ursolate 

43 7 

8 6 

Calcium Ursolate 

42 8 

8 2 

Methyl Ursolate 

43 3 

10 G 

Acetyl Ursolyl Amide 

41 5 

9 5 

Ursolyl Amide 

43 3 

9 4 

Ursolyl Amine C-28 

43 0 

12 5 

Ursolyl Amine C-2 

49 3 

17 5 

Cholic Acid 

52 8 

19 4 

Crude Ursolic Acid 

49 9 

IS 0 

Span 60 


3 1 

Polyproptiene Glvcol 425 


25 5 

Propylene Oxide Polymer of: 

Ursolic Acid 


10 3 

Ursonic Acid 


10 5 

Sodium Ursolate 


11 7 

Calcium Ursolate 


14.0 

Methy'I Ursolate 


9 8 

Acetyl Ursohd Amide 


8 5 

Ursolyl Amide 


S 4 

Ursolji Amine C-2S 


9 9 

Ursolyl Amine C-2 


S 0 

Cholic Acid 


8 2 

Crude Ursolic Acid 


10 0 


® Data presented for solutions of 0 1% solute concentra- 
tion 


tested by the Draves method The principle of tins 
test is the comparison of times required for the 
complete wetting and sinking of a skein of j'am by 
solutions of tlie test material and some standard 
Since a large number of readings are required lor 
accuracy, various modifications have been suggested. 
The cotton tape modification of the Draves test was 
chosen to be used in this work (1). Rather than 
using skeins of yarn which contain considerable en- 
trapped air, special cotton tapes of uniform speci- 
fications were used. Two tape tests are adequate 
to give accuracy within 5%, while thirteen skein 
tests are required to give the same degree of accu- 
raev Since only the ethjlciic oxide polymers are 
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water soluble, this test could not be applied to the 
propj-lene oxide polymers. One-tenth per cent 
solutions of the comparison standards anti the vari- 
ous pol 3 Tners were used and their respective wetting 
times taken at a temperature of 33°. The results 
are shown in Table II. 

Emulsion Tests, — The ethylene oxide polymers, 
which were designed for oil-in-water emulsifieation, 
were used in a series of emulsions and compared with 
Tween 80. Several emulsion formulations, varjdng 


Table II. — Wetting Times of Ethylene Oxide 
Polymers and Certain Standards” 


Solution 

Av. Wetting Time, 
Sec. 

Distilled W'ater 

108 0 

Tween 80 

22 5 

Aerosol 0 T 

1.1 

Polyethvlene Glj’col 4000 

42.7 

Ethjdene Oxide Polymer of; 
Ursolic Acid 

33.5 

Ursonic Acid 

26 5 

Sodium Ursolate 

19.6 

Calcium Ursolate 

8 3 

Methj’l Ursolate 

31 3 

Acetj’l Ursolyl Amide 

27.9 

Ursoljd Amide 

57.0 

Ursolyl Amine C-28 

54.3 

Ursolyl Amine C-2 

63.2 

Cholic Acid 

90.7 

Crude Ursolic Acid 

57.2 


“ Data presented for solutions of 0 1% solute concentra- 
tion 


in percentage composition of ingredients, were ini- 
tially tested. The emulsions containing 40% min- 
eral oil, 5-7% polymer, and 53-55% water were 
made by mixing in a Waring Blendor for one minute. 
These emulsions were much too well formed to allow 
any significant differential comparison. 

The formula finally selected for comparison con- 
sisted of 70% water, 28% mineral oil, and 2% emul- 
sifier. These ingredients were mixed in a Waring 
Blendor for ten seconds; the emulsions formed were 
then passed twice through a hand homogenizer 
The emulsions were evaluated immediately after 
preparation and after tivo weeks storage at 45°. 
This storage period is equivalent to approximately 
six months at room temperature (2). The general 
appearance, relative viseosity at 31°, approximate 
particle size as obtained using an ocular microm- 
eter, and globule shapes are recorded in Tables 
III and IV. 

Ointment Tests. — Several attempts were made at 
preparing 30% oil-in-w'ater and water-in-oil emul- 
sions using 2-4% Span 60, Span 80®,' and the pro- 
pylene oxide polymer of ursolic acid as the emulsi- 
fjdng agents. The ingredients were mixed for one 
minute in a Waring Blendor, then passed through a 
hand homogenizer ihree times. None of these 
emulsions were good; complete splitting of phases 
took place within five minutes. 

For gross comparative purposes, a water-in-oil 
ointment formulation was selected. The oil phase 
portion of the formula consisted of 10% emulsifier, 
5% beeswax, 60% petrolatum, and 25% mineral 
oil (3). This mixture was heated to 65° and .30% 


Table III — Characteristics of Emulsions Made Using Ethylene Oxide Polymers Immediately 

after Preparation” 





Approximate Particle 

Globule 



Relative 

Size 

Distribution 

Emulsifier 

Appearance 

Viscosity® 

% 

M 

Shape 

Tween 80 

Good 

1 90 

95 

1 

Round 




5 

5 


Ethylene Oxide Polymer of: 






Ursolic Acid 

Good 

1.81 

90 

1 

Round 




10 

10 


Ursonic Acid 

Good 

2.46 

75 

1 

Round 




25 

2.5 


Sodium Ursolate 

Good 

2.24 

95 

1 

Round 




5 

2.5 


Calcium Ursolate 

Good 

2.28 

90 

1 

Round 




10 

5 


Methvl Ursolate 

Good 

1.77 

50 

1 

Very distorted 




50 

35 


Acetjd Ursolj'l Amide 

Good 

3.34 

95 

1 

Round 




5 

4 


Ursolvl Amide 

Good 

2.01 

95 

1 

Round 




5 

1.5 


Ursolyl Amine C-28 

Good 

1.98 

95 

1 

Round 




5 

1.5 


Ursolvl Amine C-2 

Good 

2.73 

95 

1 

Round 




5 

2 


Cholic Acid 

Good 

2 ,50 

90 

1 

Round 




10 

2.5 

Slightly distorted 

Crude Ursolic Acid 

Good 

3.58 

50 

1 




50 

8 



” Attempts to make an emulsion using 2% ursolic acid as the emulsifier completely failed, even when the mixing time in the 
Waring Blendor was increased to one minute. 

All of the emulsions seemed to begin creaming 
readily obtained. The emulsions were all white and ( 
polymer emulsions which had a very faint yellow tint, 
c Determined at 31® using an Ostwald viscosimeter. 


within one hour after their preparation. On shaking, uniformity was 
I creamy with the exception ot the Tween 80 anti the acetyl ursolyl amit 
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Table IV — Characteristics of Emulsions Made Uj 

Storage 



General 

Emulsifier 

Appearance 

T ween 80 

Good 

Ethylene Oxide Polymer of: 

Ursolic Acid 

Some oil-water sepa- 
ration 

Ursonic Acid 

Very slight oil-water 
separation 

Sodium Ursolate 

Some oil-water sepa- 
ration 

Calcium Ursolate 

Ver 3 'good 

Methyl Ursolate 

Poor 

Acetyl Ursolyl Amide 

At cry poor 

Ursolyl Amide 

Poor 

Ursolyl Amine C-2S 

Coniplelelj' split 

Ursolyl Amine C-2 

A^erj' slight oil-water 
separation 

Cholic Acid 

Good 

Crude Ursolic Acid 

A^ery slight oil-water 
separation 


SING Ethvlene Oxide Polymers After Two Weeks 
at 45“ 



Approximate 
particle Size 

Globule 

Relative 

Distribution 

Viscosity® 

% 

»» 

Shape 

2.08 

95 

1 

Round 


5 

5 


2.28 

85 

1 

1% distorted 


15 

10 


1.78 

75 

1 

Round 


25 

2.5 


2.31 

95 

1 

Round 


5 

2.5 


1.97 

90 

1 

Round 


10 

5 


2.12 

80 

2.5 

Round 


20 

20 


1.75 

SO 

1.5 

20% distorted 


20 

10 


1.80 

90 

1 

5% distorted 


in 

5 


1.38 

SO 

1.5 

1% distorted 


20 

10 


2.52 

95 

1 

5% distorted 


5 

10 


2.55 

90 

1 

Round 


10 

2.5 


3.43 

50 

1 

Round 


50 

10 



° Determined at 31 ® using an Ostwald viscosimeter. 


of its weight in water, at 70°, ivas added with con- 
tinuous stirring until the ointment was cool. The 
necessary amounts were chosen in order to prepare 
two ounces of ointment with each emulsifier. As 
the comparison standard emulsifier, Arlacel 83®' 
(sorbitan sesquioleate) was used. Some of the 
ointments bled as much as 00% initially. In these 
cases, the excess water was poured off and the 
ointment stored at 45“ to see if further bleeding 
would occur. The general description, bleeding char- 
acteristics, and comparative ranks of these oint- 
ments, immediately after preparation and after two 
weeks storage at 45“, are recorded in Table V and 
Table VI. 

Transparent Emulsions. — Three of the polymers 
prepared in the ethylene oxide series had calculated 


Table V. — Ointment Characteristics 
Immediately After Preparation 


Emulsifier 

Description 

Bleeding 

Rank 

Arlacel 83 

Excellent 

None 

1 

Propylene Oxide 
Polymer of ; 

Ursolic Acid 

A' cry poor 

50% 

0 

Ursonic Acid 

A'^ery poor 

50% 

5 

Sodium Ursolate 

Fair 

10% 

4 

Calcium Ursolate 

Poor 

20% 

5 

Methj’l Ursolate 

Good 

A'^ery slight 

4 

Acetyl Ursolyl 
Amide 

A'erv good 

None 

2 

Ursolvl Amide 

Poor 

25% 

6 

Ursolj'l Amine C-2S 

A^erj' poor 

40% 

6 

Ursolyl Amine C-2 

Poor 

25% 


Cholic Acid 

Good 

A’erv slight 

4 

Crude Ur.solic Acid 

Pair 

20% 

4 

None 

Good 

A’erj' slight 

3 


Table VI. — Ointment Characteristics After 
Two Weeks Storage at 45“ 


Emulsifier 

Description 

Bleeding 

Rank 

Arlacel 83 

Good 

A'ery slight 

2 

Propylene Oxide 
Polymer of; 

Ursolic Acid 

A'erv poor 

9% 

7 

Ursonic Acid 

Fair 

1% 

4 

Sodium Ursolate 

Fair 

1% 

4 

Calcium Ursolate 

Fair 

1% 

4 

Methyl Ursolate 

Poor 

4% 

5 

Acetyl Ursolj'l 
Amide 

A'erj’ good 

None 

1 

Ursolj’l Amide 

Verj’ poor 

8% 

6 

Ursolj’l Amine 
C-28 

Fair 

1% 

4 

Ursolyl Amine 

C-2 

Fair 

1% 

4 

Cholic Acid 

A'erj’ poor 

9% 

7 

Crude Ursolic 
Acid 

A'erj’ poor 

9% 

7 

None 

Good 

A'erj’ slight 

3 


HLB values (3) which indicated that they might 
possibly be utilized in the preparation of transparent 
emulsions. The polymers involved were those ini- 
tiated by ursolic acid, cholic acid, and crude ursolic 
acid. 

A tj-pical formula consisting of 1% spearmint 
oil, 16% emulsifier, and 84% water was selected 
(3). The polymers were dissolved in the oil and 
water was added slowly with vigorous stirring. 

Thin, white, nontransparent emulsions were 
formed with all three polymers. After twenty-four 
hours, the emulsions were still well formed but not 
transparent. These results were not entirely un- 
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expected since tlie HLB values are merely indicative 
of possible application. 

DISCUSSION OF RESULTS 

The ursonic acid-ethj lene oxide polymer had the 
most profound effect on interfacial tension. This 
tension was 7.8 dynes per centimeter. The lower- 
ing of surface tension was in the range of 30 dynes 
per centimeter with all ethylene oxide polymers. 
These results are very favorable and comparable 
to the standards used. 

The calcium ursolate-ethylene oxide polymer was, 
by far, the best wetting agent of the series, although 
it did not approximate Aerosol O T. It was, how- 
ever, much better than Tween SO. 

On the basis of general appearance, approximate 
particle size distribution, and storage tests, the 
calcium ursolate-ethylene oxide polymer also pro- 
duced the best oil-in-water emulsion. Good emul- 
sions were also obtained using the polymers initiated 
by ursonic acid, ursolyl amine C-2, cholic acid, and 
crude ursolic acid 

The ethylene oxide poh-mers of ursolic acid, cholic 
acid, and crude ursolic acid had calculated HLB 
values which indicated that they might be capable 
of producing transparent emulsions. On prepara- 
tion of some of these emulsions, this property was 
found to be lacking. It should be pointed out that 
these compounds are atypical with respect to the 
types of substances for which the HLB value cal- 
culations were set up. 

Of the propylene oxide polj'mers, those initiated 
by acetyl ursolyl amide, ursolyl amide, ursolyl 
amine C-2, and cholic acid were best in the ability' 


to lower interfacial tension. They were not, how- 
ever, as effective as Span 60 which was the standard 
of comparison. 

In general, the ointments produced using the pro- 
pylene oxide poly'mers as the emulsifier were very 
poor in comparison with the standard. Only one 
polymer, the acetyl ursolyl amide-propy'lene o.vidc 
poly'mer, was effective. Initially, the ointment pro- 
duced by this polymer was slightly inferior to the 
standard; however, it was more stable and after 
tw'o W'eeks storage at 45° was the best ointment in 
the series. 

On the basis of these results, it is believed that 
some of the ethylene oxide polymers have properties 
which would make them comparable with other sur- 
factants on the market. If the purification pro- 
cedure used for ursolic acid could be omitted and the 
crude product used, commercial production would 
be simple and inexpensive. Because of the expense 
involved, it is also important that, if possible, the 
preparation of derivatives be av'oided, even though 
some of the polymers of these initiators were more 
effective. Since the ealcium ursolate-ethy'lene oxide 
polymer, showed the most promise, it might be ad- 
visable to attempt the preparation of this initiator 
salt from erude ursolic acid. 

The propylene oxide polymers do not seem to have 
sufficient merit to warrant further consideration. 
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A Polarographic Study of /3-Haloethylamine 
Adrenergic Blocking Agents* 

By ROGER MANTSAVINOSf and JOHN E. CHRISTIAN 


A polarographic procedure is described for measuring the relative rate of cyclization 
of the d-haloethyl group of Dibenamine-Iike compounds to the ethyleneimonium 
form. This method is based on the rapid reaction of thiosulfate with ethylene- 
imonium ions. The thiosulfate reaction product of several compounds has been 
found to be polarographically reducible and with Dibenzyline and Dibenamine the 
heights of the polarographic waves were found to be proportional to various con- 
centrations of the reducible species. The polarographic waves appear to be ir- 
reversible and a two electron reduction has been postulated. 


THYLENEiMONiuM IONS formed by the 
cyclization of |3-haloethyl groups of Diben- 
amine-Iike compounds are believed to be re- 
sponsible for the adrenergic blocking action of 
these compounds (1). Although ethyleneimo- 
nium ions in solutions of aliphatic jS-chloroethyl- 
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amines (nitrogen mustards) are polarographically 
reducible (2), ethyleneimonium ions formed by 
the Dibenamine series of compounds are relativel)’ 
unstable in solution (3) and do not appear to be 
reducible at the dropping mercury electrode 
(D.M.E.). No reducible species could be de- 
tected in 60 per cent ethanol solutions of Diben- 
amine or Dibenzyline buffered with acetate at an 
apparent pH of 7.0. However, the reaction 
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product of several ethyleneimonium intermedi- 
ates, of the Dibenamine type, with thiosulfate 
were found to be polarographicalty reducible. 
Based on this thiosulfate reaction, polarographic 
procedures were developed for measuring the 
relative rate of cyclization of /3-haloethylamine 
adrenergic blocking agents and for determining 
the amount of thiosulfate reaction product 
formed. It is of interest to note that although 
ethyleneimonium forms of Dibenamine-like com- 
pounds are not polarographically reducible, 
Lordi and Christian (4), in a physicochemical 
study of antithistamines, found ethyleneimonium 
ions of N-ethyl-N-l-naphthylmethyl-2-chloro- 
ethylamine (SY-14) and its thiosulfate reaction 
product to be polarographically reducible in 
il//15 phosphate buffer, pH 5.9. 

EXPERIMENTAL 

Materials and Apparatus. — A Sargent Model XXI 
visible recording polarograph with a D.M.E. and a 
Lingane-Laitinen H-type electrolysis vessel (5) 
containing a saturated calomel electrode (S.C.E.) 
was used for most polarographic work. For kinetic 
experiments a Carritt type H-cell (6) was used to 
prevent chloride ion contamination from the salt 
bridge. Prior to recording polarograms, test solu- 
tions were degassed for twenty minutes with tank 
nitrogen which was purified by passage through a 
train of vanadous sulfate solution (7) and distilled 
water. The nitrogen was then saturated with the 
solvent of the test solution before degassing the test 
solution. Triton X-100, 0.002% was used as maxi- 
mum suppressor. The capillary used throughout 
these studies had a constant -f value of 
1.853 mg.’/' sec. ~'/' in the base solution at —0.25 
volt rj. S.C.E., under a pressure of 60 cm. of mer- 
cury. The base solution, having an apparent pH 
of 7.0, was made by diluting 20 ml. of an acetate 
buffer concentrate consisting of 18.8 ml, of 1.0 N 
sodium acetate and 1.2 ml. of 1.0 N acetic acid 
prepared in 60% ethanol. The acetate buffer also 
served as supporting electrolyte. Analytical re- 
agent grade chemicals were used throughout. 
Sodium thiosulfate (NaiSjOj-SH^O) was first 
treated to remove extraneous water (8) before being 
used to prepare standard stock solutions in 60% 
ethanol. Experimental samples of d-haloethyl- 
amines were generously supplied by the Smith, Kline 
and French Research Laboratories, Philadelphia. 
Due to the limited aqueous solubility of these com- 
pounds a solvent of 60% ethanol was used in all ex- 
periments. 

Kinetic Studies. — Whenever thiosulfate is added 
to a solution containing ethyleneimonium ions, an 
instantaneous reaction occurs resulting in the forma- 
tion of an ethyl thiosulfate derivative (3) as illus- 
trated by the following reaction : 

R;X< 1 -t-x--bs,or — 

^CIl- 

R:NCH;CH:S-.03- + X” 
Since this reaction occurs instantaneously, the rate 


of thiosulfate consumption becomes an indirect 
measure of the relative rate of cj'clization of a /3- 
haloethjdamine into the physiologically active ethj’l- 
eneimonium ion (3). By polarographically follow- 
ing the change in concentration of thiosulfate with 
time, the relative rate of cj'clization of certain fi- 
haloethylamines was determined. The following 
procedure was used to measure the rate of cycliza- 
tion for a number of compounds. A solution con- 
taining 20 ml. of acetate buffer concentrate, 1.0 ml. 
of 0.2% Triton X-100, and a known amount of 
1.80 X 10“- M sodium thiosulfate (in excess of the 
amount of amine to be used) was degassed for thirty 
minutes in a flask immersed in a water bath main- 
tained at 25° ± 0.5°. A second solution of 60% 
ethanol was simultaneously degassed under similar 
conditions. After the solutions were deoxygenated 
an accurately weighed quantity of /3-haloethylamine 
was dissolved in 50 ml. of degassed ethanol con- 
tained in a 100-ml. volumetric flask. To this solu- 
tion was added the acetate buffer-thiosulfate solu- 
tion and the resulting solution diluted to 100 ml. 
with degassed ethanol. The final solution was 
mixed, and an adequate portion was placed in the 
solution compartment of a Carritt type H-cell and 
degassed for a final few seconds. At an arbitrarily 
chosen zero time, a constant potential of —0.025 
volt vs. S.C.E. was applied and readings of current 
were made as a function of time. The impressed 
voltage corresponded to a point on the plateau of tlie 
thiosulfate polarographic wave. When the reaction 
was essentially complete, as evidenced by a steady 
current, the chart paper containing the current- 
time curve was removed and the current readings 
corrected for residual current before graphically 
determining the velocity constants. In all cases 
examined the cyclization process was found to be 
first order over the time period studied (not over 
thirty minutes for any given experiment). The ac- 
cepted velocity constant, k, represents an average 
of three values of the slopes of curves constructed by 
plotting the natural log of the limiting current 
against time. A straight line was drawn through 
the experimental points by inspection (9 ). The pres- 
ence of mercury in the reaction mixture did not 
influence the progress of the reaction. Table I 
contains experimental data from which the rate of 
eyclization of Dibenzyline was calculated. Veloc- 
ity constants of 0.00928 min.“* for Dibenamine, 
0.0144 min.~‘ for N-(tt-naphthylmethyl)-N-ethyl- 
/3-chloroethylamine and 0.00525 min.“' for 1- 
dibenzy!ainino-2-chloropropane were obtained when 
determined by this same method. The above pro- 
cedure is not applicable to compounds such as cer- 
tain bromo analogs which cyclizc at an extremely 
rapid rate nor to iodo compounds which interfere 
with the recording of the thiosulfate wave. 

Polarographic Determination of the Thiosulfate 
Reaction Product.— The ethyleneimonium-thiosul- 
fate reaction product of certain /3-halocthylamines, 
henceforth referred to as ET, gave a well-defined 
polarographic wave upon reduction at the D.M.E. 
Since anodic thiosulfate waves are obtained at more 
positive potentials than cathodic ET waves, both 
residual thiosulfate and ET can be determined 
polarographically in the same solution. The fol- 
lowing procedure was used for the polarographic de- 
termination of the thiosulfate reaction product. An 
accurately weighed amount of the amine hydro- 
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Table I. — Cyclization of Dibenzyline in Ethanolic Thiosulfate Solutions, 25° 


Dibenzyline HCl— 

1 00 X 10-3 

Initial Concentration of Reactants 

1.50 X 10-3 M 

2.00 X lO-i Af 

Thiosulfate--^ 

1.80 X 10-3 M 

2.70 X 10-3 M 

2.70 X 10-3 M 

Time (/) 


it° 

If® 

(Min.) 

(Microamp.) 

(Microamp.) 

(Microamp.) 

0 

3.84 

7.68 

5.18 

5 

3.32 

6.72 

4.44 

10 

2.96 

5.82 

4.00 

15 

2.76 

5.28 

3.60 

20 

2 44 

4.89 

3.32 


k'' = 0.0212 min. 

k’' = 0.0217min.“* 
Mean k value 

k'’ — 0.0215 min.“' 
0.02146 min.-' 


® Value of the diffusion current of thiosulfate at time t. 

b k values as determined graphically from the slope of a plot of versus time. 


chloride, sufficient to prepare 100 ml. of a 1.00 X 
10”’ M to 4.00 X 10“® M solution, was dissolved 
in .50 ml of 60% ethanol contained in a 100-mI. 
rolumetric flask. After the amine was solubilized, 
20 ml. of acetate buffer concentrate, I.O ml. of 
0.2% Triton X-100, and a known excess of a fresh 
stoek solution of 2.00 X 10“^ M sodium thiosulfate 
were added to the solution. The resulting solution 
was diluted to 100 ml. with 60% ethanol, immersed 
in a constant temperature bath maintained at 25“ ± 
0.5°, and the reaction allowed to run to completion. 
The reaction was considered to be complete when a 
constant diffusion current was obtained by electro- 
lyzing a degassed volume of the test solution from ap- 
proximately — 0.60 to —1.5 volt Fj. S.C.E. On com- 
pletion of the reaction, polarograms of degassed test 
solutions were recorded over this same potential 
span. A blank solution containing the same volume 
of thiosulfate as that contained in the standard solu- 
tion was also run. The amount of thiosulfate con- 
sumed was determined by subtracting the diffusion 
current of the residual thiosulfate in the test solution 
from the diffusion current of the thiosulfate in the 
blank solution, and then determining the equivalent 
concentration from a previously constructed wave 
height-concentration curve of thiosulfate. This 
thiosulfate curve was constructed from data ob- 
tained under the same conditions at which thio- 
sulfate was made to react with the amine. The 
amount of thiosulfate consumed in the reaction was 
taken to be equivalent to the amount of ET in solu- 
tion. Table II presents experimental data demon- 
strating the proportionalit 5 ' between the diffusion 
current obtained by the reduction of ET, and both 
the concentration of the reducible species and the 
original concentration of amine. In addition to 
Dibenzyline and Dibenamine it was of interest to 
note whether other /J-haloethjdamines would form 
reducible ET deriv'ativcs, and if the shapes of the 
reduction waves were suitable for polarographic 
analysis. The results of such studies are presented 
in Table III. The experimental data of Table III 
were obtained by electrolyzing a solution containing 
an excess of thiosulfate and the hydrochloride of the 
compound listed. In all cases in which well-de- 
fined polarographic waves were obtained the Ey. 
values were found to shift to more negative poten- 
tials with an increase in concentration. The physio- 
logically inactive compound, dibenzylaminocthanol, 
did not form a reducible thiosulfate substitution 
product. 

Postulated Mechanism of Reduction. — ^A first 


Table II. — Calibration Data for Determining 
ET Formed in the Reaction of Thiosulfate 
With Dibenzyline and Dibenamine 


Diben- 

Thiosul- 

fate® 




zyline- 

Con- 

id 

El/, M. 


HCl 

sumed 

(ET) 


(mA/ 

imM 

(Niicro- 

S.C.K. 

iilft/C 

Liter -i) 

Liter“0 

amp.) 

Dibenzyline 

(Volts) 

1.00 

1.00 

3.66 

-1.06 

3.GG 

1.50 

1.51 

5.28 

-1.06 

3.50 

2.00 

2.10 

7.20 

-1.07 

3.43 

2.50 

2.48 

9.12 

-1.07 

3.68 

3.00 

3.00 

11.2 

-1.08 

3.73 

3.60 

3.51 

13.0 

-1.09 

3.71 

4.00 

Diben- 

amine* 

HCl 

(mAf 

liter-') 

3.98 

14.6 

Dibenamine 

-1.09 

3.67 

1.00 

1 02 

4.38 

-1.06 

4.29 

1.50 

1.52 

6.48 

-1.00 

4.2G 

2 00 

2.00 

8.55 

-1.06 

4.28 

2.50 

2.47 

10.9 

-1.07 

4.41 

3.00 

2.93 

13.2 

-1.07 

4.51 

3.50 

3.47 

15.3 

-1.07 

4.38 

4.00 

3.95 

17.6 

-1.08 

4.4G 


° This value was taken to be etjuivalent to the concentra- 
tion of ET in solution. 

ft Diffusion current constant of ET. 


approximation of n (the number of electrons in- 
volved in an electrode reaction) may be obtained 
from calculations involving the Ilkovic equation. 
Such calculations, however, presuppose a knowledge 
of the diffusion coefficient of the substance under- 
going electrochemical reaction. Since the diffusion 
coefficient of the reducible ET species was not 
known, the value of n could not be calculated from 
the Ilkovic equation. A plausible electrode reac- 
tion, derived from a consideration of the electronic 
nature of the reducible species is indicated by the 
following equation : 

Ri\ ^ , 

,NCH 2 CH.So 03 - -f 2c d- H+ * 

R./ 

R.\ 

\vch 2CH3 -f SsOr 

RiX 

The variation of Ei/j values with concentration of 
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Table III — Characteristics or Certain ET Waves 




eVtts 

Description of 

Compound^ 

(1 00 X 10 > ,1/) 

Description of 

ET Wave 

SCEIi 

(Volts) 

Residual Thiosulfate 
Wave 

1-Dibenz> lammo-2-chloropropane ■ 

111 defined 


Well-defined 

HCl 

(poor plateau) 


Well-defined 

N (a-Naphthylmeth} l)-N-ethyl-(S- 

Well-defined 

-0 97 

chloroethylarame HCl 
N,N-Dibenzj l-/3-bromoethylamme • 

AVell-defined 

-1 05 

Well-defined 

HCl 



Well-defined 

N-(o Isopropj'lphenoxyethj 1)-N- 

Well-defined 

-I Oh 

benzyl 0 bromoethylamme HBr 
l-Dibenzj laraino-2-broniopropane • 

Ill-defined 


Well-defined 

HBr 

N,N-Dibenzyl-^-iodoethylamme • 

Well-defined 

-1 05 

Irregular 


HCl 


“ Compound used to form the ET derivative b> reaction nith thiosulfate 

t El/, values for ET ivaves obtained in solutions containing 1 0 X 10 ;lf of the amine listed and an excess of thtosulfate 


the reducible species and the shape of the waves 
indicate that the electrode process is irreversible 

DISCUSSION 

These experiments show that polarography, w hen 
ever applicable, may be used to measure the rela- 
tive rate of cychzation of Dibenamme-like com- 
pounds as w ell as the amount of ET formed by the 
reaction of ethyleneimonium intermediates with 
thiosulfate Both of these procedures are based on 
the rapid thiosulfate reaction 

The relative rate of cyclization of /S-haloethyl 
groups can be measured mdu-ectiv bv polarographi- 
callv following the rate at which thiosulfate ts con- 
sumed bv the reaction, providing tins reaction is not 
extremely rapid The procedure described for 
kinetic studies is not applicable to 0 lodoethv iannnes 
since iodide ions produce polarograpliic waves which 
interfere with the thiosulfate wave This inter- 
ference IS probably due to the fact that anodic 
iodide waves arc formed at more negative potentials 
than chloride or bromide waves (10) 

The ph} siologically inactive compound, dibenzjl- 
aniinoethanol, did not consume thiosulfate and 
consequenth’ an ET reduction wave was not ob- 
tained Polarograpliic data of this kind mav^ serve 
as an initial screening index of the pharmacological 
activ ity of Dibenarame-like compounds, assuming 
that the ethvleneimoniuiii intermediates are re 
sponsible for the pharmacological activit> of these 
compounds 

On the basis of a limited number of experiments 
no correlation could be drawn between the Ei/, 
V allies of certain ET deriv ati ves and their pharmaco- 
logical activity as tabulated bj Ulljot and Kcrwin 
111 (3) 


SUMMARY 

1. A polarograpliic method has been de 
\ eloped for measuring the relative rates of cj’cH- 


zation of certain (J-haloeth\ lamine adrenergic 
blocking agents 

2 The end product resulting from the re- 
action of some physiologically active Diben- 
amme-hke compounds with thiosulfate was found 
to give well-defined polarographic wav^es upon 
reduction in 00% ethanol, buffered with acetate 
at an apparent pH of 7 0 The diffusion current 
obtained by reduction of the thiosulfate sub- 
stitution products of Dibenamine and Diben- 
zyhne was found to be proportional to vanous 
concentrations of the reduable species, as well 
as the original concentration of the parent 0 - 
haloethylamme of the reaction mixture. 

3 The physiologically inactive d-haloethyl- 
amine, dibenzylaminoethanol, did not consume 
thiosulfate or form a reducible thiosulfate sub- 
stitution product. 

4 A two electron reduction has been postu- 
lated and the ET waves appear to be irreversible. 
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The Suitability of Barley as a Host Plant for the 
Cultivation of Ergot* 

By V. E. TYLER, Jr.f 

Barley was inoculated with a specific strain of Claviceps purpurea using a puncture 
board and the resultant sclerotia were compared with those obtained from rye 
plants under similar conditions. As a host, rye proved superior to barley in terms 
of the percentage of plants infected and quantity and weight of the sclerotia pro- 
duced. Likewise the alkaloid content of the rye sclerotia was slightly higher than 
of those obtained from barley. It is concluded that barley is inferior to rye as a 
host plant for the cultivation of ergot. 


"O YE, Secalc cereals L., continues to be recog- 
nized as the sole official source of ergot, 
Claviceps purpurea (Fries) Tulasne (1), although 
the medicinally useful alkaloids may be obtained 
from sclerotia produced on other plants. This 
reflects the role of rye as the most common host 
of the fungus. 

The proclivity of ry'e toward infection in com- 
parison with other cereal grains such as wheat, 
Trihcum aestivum L., and barley, Hordeum vul- 
gare L , has been reviewed by Guggisberg (2). 
One of the chief considerations is the fact that 
under natural conditions infection by conidia is 
chiefly confined to the flowering period, and rye is 
largely dependent on cross-fertilization which re- 
quires the opening of the glumes and exposure of 
the g\'noecium. Also, it has been established 
that most of the flowers of wheat and barley are 
already self-fertilized when the blossoms open, 
and chance of infection with ergot spores is there- 
by greatly reduced. 

The characteristics of ergot existing as a natural 
parasite on various members of the Gramtneae 
have been the subject of a number of investiga- 
tions (3-5). Recently, Aleinicke (6) has reported 
on the alkaloid content of ergot produced by the 
inoculation of various wild grasses with a specific 
strain of Claviceps purpurea. The results of his 
experiments indicate that the host may influence 
the alkaloid content of the parasite in a quantita- 
tive manner only. It is apparent, therefore, that 
quantitative reports of the alkaloid content of 
ergot sclerotia formed on different grasses are 
not comparable, one with another, unless it is 
known that both hosts were infected with the 
identical strain of the fungus. 

With the advent of infection methods which 


* Recel^ed Xon ember 25, 1957, from the College of Phar 
macy, Unnersitj of Nebraska, Lincoln 
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in Agronomy, Uni\ersity of Nebraska, for the barle3' seed 
emploj ed. 


are not dependent upon the periodic opening of 
the blossoms of the various plants (7) and the 
availability of specific ergot strains obtained from 
single-spore cultures, it appeared of interest to 
compare the quantity and quality of ergot pro- 
duced by puncture-inoculation of r 3 'e and another 
host plant under experimental conditions. 

The availability of a variety of barley, pro- 
ducing plants about one-third of which were male 
sterile and therefore quite susceptible to infec- 
tion on theoretical grounds, accounted for its 
selection as the plant to be compared with tye 
under field conditions with respect to its relative 
suitability as a host for ergot. 

EXPERIMENTAL 

Inoculation. — Ilfinter rye, Sccale cercalc var. cari- 
bou and spring barley, Hordeum vulgarc, heterozygous 
for male sterility, were planted in rows 10 feet long, 
spaced 12 inches apart. The rows selected for in- 
oculation were part of a series of larger plots em- 
ployed for general agronomic research and received 
no special treatment. Although widely separated, 
the two plots were quite similar in terras of soil, 
drainage, exposure, and related factors. In order to 
obtain samples large enough to be significant, plots 
containing approximate!}' 1,000 spikes of each grain 
were treated. 

The inoculum was prepared by inoculating 1 
inch X 8 inch culture tubes, containing slants of a 
casein hydrolysate-mannitol-basic nutrient medium 
(8) solidified with 2% agar, with an ergotamine-pro- 
ducing strain’ of C. purpurea originally selected from 
a mono-conidiaspore isolate. These cultures were 
prepared four to six weeks prior to need and stored 
at 25“, during w hich time a profuse mycelial develop- 
ment took place The mycelial mat was then re- 
moved from 4-6 slants, depending upon the quan- 
tity of growth present, homogenized in a Waring 
Blendor with a small quantity of distilled water and 
this slurry diluted to a volume of 480 ml. This 
constituted the finished inoculum which was applied 
to the plants with a puncture board as described b}' 
Guggisberg (9). The puncture board employed in 
this investigation measured approximately 12 X 13 
cm. and was set with eyed needles which projected 


* Supplied through the courtesy of Dr. N. IJckcsy, BudJ- 
pcst, Hungary 
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5-7 mm. from its surface. Tlie needles were evenly 
spaced and averaged seven per sq. cm. of board 
surface. 

By May 24, 1957, the winter rj’e had matured 
sufficiently so that most of the plants were in the 
developmental stages labeled I, II, and III by 
Bekesy (10). Inoculation was carried out late in 
the afternoon so that the spores might receive the 
benefit of the cool night hours during their initial 
germination stages. The spring barley was con- 
sidered ready, and consequently inoculated, on June 
10, the majority of plants having reached stages I 
and II by this date. The fact that barley is know'n 
to undergo self-fertiliration before emergence of the 
spike from the sheath accounted for the inoculation 
of this plant at a somewhat earlier stage of develop- 
ment. 

No unusual weather conditions were noted sub- 
sequent to the inoculations and the fungus appeared 
to develop normally on both hosts, houeydew being 
evident after six or seven days. It has been estab- 
lished by Loo and Lewis (11) that ergot sclerotia 
reach a maximum alkaloid content after nineteen 
days of development although they are still in- 
creasing in weight at this time. Therefore, in this 
experiment a growing period of one month was 
arbitrarily selected as being sufficient time to allow 
most sclerotia to mature, at least to maximum alka- 
loid content, but not long enough to allow appre- 
ciable losses to occur by quantities of large ripe 
sclerotia falling from the drying spikes of the plants. 
At this time all of the spikes in each of the experi- 
mental plots were harvested, regardless of infection, 
and subjected to analysis. 

Anal^ical Procedures. — Total spikes were 
counted as were the number infected with the 
fungus. The sclerotia were then separated, the 
maximum number in a single spike being noted 
during the process. All sclerotia were counted, the 
entire sample weighed and its moisture content 
determined ' by a conductometric method (12). 
Samples of each type of ergot were then ground to 
a No. 20 powder in a Wiley Laboratory Mill and 
fat determinations carried out on duplicate 2-Gm. 
samples as described bj' Jones and Tyler (13). The 
defatted samples were next milled to a No. 60 pow- 
der and duplicate samples assayed for water-soluble 
and water-insoluble alkaloids by the procedure of 
Silber and Schulze (14). Water-soluble alkaloids 
were calculated as ergonovinc and reported on the 
basis of a moisture-free, fat-free sample. The water- 
insoluble alkaloids were calculated as ergotoxinc and 
reported on the same basis. Portions of the water- 
insoluble extracts not used for assay were made 
alkaline, extracted with ether and these ethereal 
extracts chromatographed by the method of Mein- 
icke (6) to determine the composition of the water- 
insoluble alkaloid fraction. The water-soluble frac- 
tious treated in the same manner were chromato- 
graphed in a butanol-acetic acid-water (4;1;5) 
system as described by Tyler and Schwarting (15) 
to determine their composition. The results of 
these analyses are recorded in Table I. 


DISCUSSION 

These data indicate that rye is superior to harhv 
as an ergot host plant in terms of quantity and n eigli't 


Table I. — Comparison op the Ergots Produced 
ON Rye and Barley 



Rye 

Barley 

Total no. of spikes 

1,115 

989 

No. of infected spikes 

722 

211 

Infected spikes (%) 

64.8 

21.3 

No. of sclerotia 

2,371 

1,159 

Av. no. sclerotia per in- 



fected spike 

3.3 

5.5 

Max. no. sclerotia per in- 



fected spike 

22 

28 

Fresh wt. sclerotia (Gm.) 

57.27 

22.44 

Av. wt. of single sclerotium 



(mg.) 

• 24.1 

19.4 

Av. wt. of ergot per infected 



spike (mg.) 

79.3 

106.4 

Moisture (%) 

6.7 

7.4 

Fat(%) 

15.6 

10.23 

Alkaloid — water-sol. (%) 

0.045 

0.027 

Alkaloid — water-insol. (%) 

0.631 

0.515 

Alkaloid identity- — water 




sol. Ergonovinc 

Alkaloid identity — water- Ergotamine (90% of 

insol. complex) 

Ergosine (little) 
Ergotamine (little) 
Ergocristine — Ergo- 
cornine (faint trace) 
Ergokryptine (trace) 


of sclerotia formed in the total plots. Nearly two- 
thirds of the rye spikes treated developed one or 
more sclerotia in comparison to slightly more than 
One-fifth of the barley spikes, and the yield from the 
entire rye plot was more than double that of the 
barley on a weight basis. The individual rj'e sclero- 
tia were slightly larger and contained a slightly 
higher alkaloid content than those of barley al- 
though the qualitative composition of the alkaloidal 
mixture of both ergots was identical. On the other 
hand, the barley plants which did become infected 
produced more sclerotia (av. 5.5) per spike than the 
rye (av. 3.3). This seems to indicate that the differ- 
ence in these two plants as hosts for ergot is due to 
the greater susceptibility of the rye to infection, even 
when both are infected by an injection technique 
which circumvents the effects produced by differ- 
ences in flowering habits. Apparently this greater 
susceptibility applies to the rye plants as a group but 
not necessarily to the individual since a single, in- 
fected barley plant yielded, on the average, more 
ergot sclerotia both in number and total weight than 
a single infected rye plant; however, fewer barley 
plants in the group became infected. 

The reasons for these differences in susceptibility 
of the two plants are obscure although the sterile 
character of the variety of barley employed Was 
probably not without influence, particularly on the 
number of sclerotia which developed on the indi 
tddual barley spikes. Garay (16) has investigated' 
some of the factors which affect the germination of 
ergot conidia with reference to the host plant. Hy- 
drogen ion concentration and osmotic pressure were 
shown to have marked effects on germination, but 
no stimulation could be shown to result following 
treatment with extracts of rye tissues. The same 
extracts, after autoclaving, did stimulate growth of 
saprophytic cultures of ergot, thus confirming the 
report of Berman and Youngken (17). The impor- 
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tance of these \anous factors iMth reference to this 
experiment is merely speculative, but thej’ may be 
used as a starting point for further studj on the suit- 
abiht)' of various cereals as hosts for the cultivation 
of ergot 
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A Quantitative Papergram Assay Method for 
Prednisolone in Tablet Formulations* 

By P. D. MEISTER, C. A. SCHLAGEL, J. E. STAFFORD, and J. L. JOHNSON 


The quantitative assay of prednisolone in tablet formulations herein described in- 
volves separation of the steroid from the nonsteroidal tablet components by paper 
chromatography. Elution of the steroid spot from the papergram with methanol 
IS followed by measurement of the ultraviolet absorption of the eluate at 224 mu, 
244 mji, and 260 mg. The absorbance values measured at these three wavelengths 
are used to calculate the true steroid concentration. The computation provides 
correction for the_ small but significant amounts of ultraviolet absorbing materials 
which are invariably present in the papergram eluates 


' t 'he need for an assay method specific for 
prednisolone became apparent when tablet 
formulations containing prednisolone, acetjl 
salicylic acid, and an antaad were subjected to an 
accelerated stability study at 70° In this study, 
assax s by the conventional tnphenyltetrazolium 
assay showed that, after an initial decrease, the 
prednisolone concentration appeared to increase 
upon prolonged exposure to 70° (1) This ap 
parent increase indicated the formation of a re- 
duang substance m the dosage form during the 
course of the heat stress 

The principle of the procedure descnbed in this 
paper evolved from the methodology previously 
developed m our laboratories for the quantita- 
tive assay of progesterone in the presence of 1 la- 
hydroxy progesterone (2). The present method 
involves the paper chromatographic separation 
of prednisolone from major undesirable compo- 
nents followed by spectrophotometnc measure- 
ments at three different wavelengths to compen- 
sate for rmnor amounts of nonsteroidal absorbing 
substances in the eluates 

*Recet%ed No\ember 20 19 j 7 from I lie Ui>jol»n Com- 
pan> , Kalamazoo .Mich 

We wish to acknowledge the continued interest and help 
of L M Remeke and the skillful technical assistance of 
the Misses Jennie ^lejeur and Henrietta Tnemstra 


EXPERIMENTAL 
Reagents and Material 

Reagents — Chloroform, A R (Alalliiicfroclt 
Chemical Works), absolute ethyl alcohol, (Com 
mercial Solvents Corporation), absolute mctlijl 
alcohol, A R (Mallmckrodt Chemical Works), 
propylene glycol, U S P (Carbide and Carbon 
Chemicals Corp ), ethylene dichloride, 99%, 
(Dow Chemical Company), toluene, A R (Mal- 
linckrodt Chemical Works), acetic acid, C P (E 
I DuPont de Nemours & Co ), prednisolone Delta- 
Cortef® (Upjohn brand of prednisolone) standard 
solution 1 mg /cc in 95% ethanol', and chroma 
tographic paper, Eaton Dikeman 613, 6 inches X 23 
inches 

Apparatus. — Semimicro evaporator constructed 
in these laboratories, spectrophotometers — a Beck 
man Model DU and a Cary Recording spectroplm 
toraeter Model 14 were employed, pipet — a 0 2 cc 
pipet graduated in 0 01 cc (MISCO), and paper- 
gram scanner (3) 

Development of the Papergram Assay Procedure 

Previous experience has shown that the develop 
meiit of a quantitative paper eliroinatograplne 
assav consists of the following steps 

Selecljon of a suitable sohent system — The soheii 
sjstem of choice, besides giving as complete as 


■ Dr T Chulski of these laboratories showed this 
nal to be 99 82% pure by solubility analysts 
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possible separation of the steroid from nonsteroidal 
components, should not excessivelj' contribute to the 
ultraviolet absorption of the iiapcrgram cluates. 

Determination of nonspecific ultraviolet absorption . — 
Small contributions to the ultraviolet absorption of 
the papergram eluates were expected to result from 
the elution of the paper and the solvents (2) as well 
as from the elution of minor tablet ingredients. 
Therefore, an accurate determination of the back- 
ground absorption was necessarj' to provide for its 
mathematical compensation. 

Delenninalion of steroid recovery . — The average 
recovery of known amounts of steroid has to be 
determined for each solvent system. 

Calculation of the true steroid concentration. — K 
mathematical formula has to be developed which 
compensates for the impurities found to be present 
in the papergram eluates. 

Selection of a Papergram Solvent System. — A 
tablet formulation containing prednisolone, acetyl- 
salicylic acid, calcium carbonate, sucrose, lactose, 
starch, eth 3 'lcellulose, talc, and mineral oil was ex- 
posed to 70° temperature for seventj'-four hours. 
The neutral chloroform extract of the crushed tablets 
was essentiallj’ free of prednisolone as indicated by 
the ultraviolet and infrared spectra of the extract. 
This extract, however, had considerable absorbance 
when assayed with triphenyltetrazoliura (4). 

Of all the solvent systems investigated the pro- 
pylene glycol-toluene-methanol system of Zaffaroni 
as modified by Reineke (2) with acetic acid (PTFA- 
system) gave the best separation of mixtures of 
prednisolone (32 y), of acetylsalicylic acid (50 y) 
and of the above described extract (60-100 y). 
The mobile phase consists of 2.0% glacial acetic acid 
added to toluene previously saturated with propyl- 
ene glycol. The stationary phase is propylene gly- 
col-methanol in a 1 : 1 ratio. 

Quantitative Determination of Nonsteroidal Back- 
ground Absorption Resulting from the Elution of 
Papergram Blanks. — Two empty sheets properlj' 
pretreated with the stationary phase were developed 
with the mobile phase for thirtj'-nine hours. After a 
do’ing period of two hours at 108°, two parallel 
strips 6 cm. wide (beginning 5 cm. below the origin 
and extending 25 cm. downwards) were cut out. 
These two strips were subdivided into smaller pieces 
of approximated' 6 X 3.5 cm. size. These latter 
pieces were then cut into bits of 1 cm.* size and were 
eluted in individual 250-cc. Erlenmeyer flasks with 
50 cc. of drj' methanol. The ultraviolet absorption 
of the eluates was determined with the Caiy' spectro- 
photometer. The results are given in Table I. 

Quantitative Determination of the Background 
Absorption Resulting from Nonsteroidal Formula- 
tion Components. — Forty hours of development on 
the PTFA system gave excellent separation of 
prednisolone and acetj’lsalicj’lic acid. To determine 
the degree of interference from minor amounts of 
U. V. absorbing compounds six tablet formulations 
were jircparcd which contained all the ingredients 
except prednisolone, but which differed from each 
other with respect to the carbohj-drate component. 
After storage at 70° these tablets were extracted with 
chloroform. 

ApproxiniateK- equal aliquots of the c.\troctiou 
residues in chloroform solution were applied to paper- 
strips and the strips were developed and processed 


Table I. — Background Absorption Resulting 
FROM THE Elution of Blank Papergrams 



A 224 

A 244 

A 2b0 

Sample 

m/i 

mM 

m/i 

A1 

0.042 

0.015 

0 019 

A3 

0 020 

0,002 

0.004 

A5 

0.010 

0.002 

0.006 

A7 

0.04S 

0.015 

0.020 

B1 

0.012 

0.002 

0.005 

B2 

0.018 

0.003 

0.007 

B4 

0.020 

0.004 

0.007 

B6 

0.040 

0.012 

0.014 

B8 

0.046 

0.020 

0.020 

Average Ratios: 

A 224 mp/A 244 
A 260 mp/A 244 

m/i = 3.^ 
mju = 1.36 


as described in the final assaj' method. Areas 
(approximate^' 6 X 3.5 cm.) were cut from the dried 
sheets which corresponded in size and position to 
the size and position of the areas occupied by the 
prednisolone spots in the assay procedure. Each 
area was then cut into small bits of 1 cm.* size and 
eluted with 30 cc. of methanol. 

The ultraviolet absorption of the eluates was 
determined with the Carj' spectrophotometer. Vis- 
ual inspection of the curves indicated that all of 
them had a similar shape with one of the maxima 
being at 260 m^i. The absorbances at 224 m/i, 
244 mp, and 260 mp are given in Table 11. 


Table II. — Background Absorption Resulting 
from Papergram Elution of Nonsteroidal Tab- 
let Components 



Time 

Ex- 

Aliquot 
of Ex- 
tract 

Absorbance of Papergram 

Carbo- 

posure 
to 70®. 

Applied 
to Paper, 

A 224 

Eluates” 
A 244 

A 200 

hydrate 

Hr. 

rap. 

mfi 

m^ 

mu 

Starch 

52 

0.982 

0.090 

0.042 

0.039 

Lactose 

52 

0.970 

0.029 

0.022 

0.014 

Methj'l- 

cellulose 

52 

0.994 

0.020 

0.014 

0.012 

Sucrose 

52 

1.015 

0.013 

0.008 

0.007 

D-Sorbitol 

52 

0.959 

0.030 

0.020 

0.013 

Dextrose 

52 

0.975 

0.005 

0.004 

0.002 

Dextrose 

76 

1.003 

0.023 

0.016 

0.015 


Average Ratios: A 224 mp/A 260 mp = 2.04; A 
244 mp/A 260 mp = 1.17. 


“ These values have been corrected for the average blank 
absorption (cf. Table I) at each wavelength. 

Determination of Steroid Recovery. — Two ali- 
quots of a methanolic solution containing 4.00 mg. 
of prednisolone were applied to the paper in the 
manner described under the final assay method. 
After forty hours development in the PTFA-system, 
each prednisolone spot was eluted from the paper 
with 30 ml. of methanol. The prednisolone concen- 
trations were determined at 244 mp and the values 
corrected for the average background absorption 
eluted from the paper (cf. Table I). Two sets of 
experiments each consisting of six determinations 
gave an average recovery of 95.1% which is in good 
agreement with the previously reported recovery of 
progesterone (2). 

Calculation of Prednisolone Concentration in 
Papergram Eluates.— For/pida /.— Wdiile the paper- 
gram eluates contained three ultraviolet absorbing 
components (.v, y, and =, below), only the concen- 
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tration of the steroid was of interest This required 
absorbanee readings at three wa\elengths and the 
use of a general three eomponent equation for the 
desired steroid component, x, in the three component 
sjstem according to known procedures (5) The 
equation for the steroid concentration was thus 


from tlie outer coat, weighed, and finelj powdered 
Three aliquots were weighed with each aliquot cor 
responding to three tablets One of these aliquots 
was used for the papergram assay and two for the 
two tetrazolium assay procedures “B” and ‘C” (0) 
The aliquot was slurried m 10 cc ot deionized 




■diJaiyOss — dzyaiz) -p ~ diyOzz) ~h Az{ai^a-, — aiyau) 

aiifl‘*j/ii3z asiGsyOi/ “f” asiaiyUix asiaeyan 


Where x = absorption due to prednisolone, 
y = absorption of the paper blanks, z = absorption 
contributed b\ nonsteroid tablet components, 
a = absorpti\it5 , 1 = absorbance, C = concentra- 
tion m Gm /liter, and 1, 2, 3, = 224, 244, 2G0 m/i, 
respectn elj 

Since m the preheat problem the absolute quan 
titles of the components y and z are of no interest 
the ratio xalues denied from Tables I and II are 
substituted for the corresponding a values The 
reference data for prednisolone m methanol are 

oi’i mfi = 24 55, 0-44 = 41 12, a-co = 28 79 

With these values the following equation was ob- 
tained 


C. 


1 95^3 - 0 04A, - 0 59^2 
15 48 


where Cj = concentration of prednisolone inGm /L 
Incorporation into the equation of the 95 1% 
recox en of the steroid from the papergram gave 
the final form of the equation 


1 95A3 - 0 64Ai - 0 59A, 
14 72 


(Eq 1) 


This formula w as applied to the determination of 
prednisolone m stabilitx samples of a large number of 
tablet formulations The results showed conclu 
sixelj that m manj instances the triphenyltetra 
zohum assax gaxe higher potencies of prednisolone 
than the papergram assaj The results of the paper- 
gram assax, therefore, were u'ed to screen for the 
more stable formulations 

Formula II — This screening process shoxx ed that a 
double compressed tablet possessed excellent sta 
bilitx properties It was considered necessarj to 
determine the background absorption of this specific 
formulation to increase the accuracj of the method 
for the assax of the stabilitj samples Steroid free 
tablets were, therefore, made and subjected to 70° 
for 24, 48, and 72 hours Extractions of the tablet 
cores, paperchromatography of the extracts, and 
determination of the ultraviolet absorption of the 
papergram eluates gave the values listed in Table 
III 

When these ratios and the 95 1 % recovery value 
w ere incorporated into the above mentioned general 
equation the follow mg formula w as obtained 


xxater and 2 5 cc of a 25% sodium carbonate solii 
tion The slurry^ xxas extracted with 50, 30, xiul 
30 ml of chloroform, respectively The extracts 
XX ere evaporated m the semimicro evaporator Tlie 
residue xxas transferred into 1 cc xoliiinetnc 
flasks xxith small amounts (approximatelx 1 cc ) ol 
all mixture of chloroform ethylene dicliloridc 
Each transfer volume xxas evaporated bx passing a 
stream of purified nitrogen through the x'oliiiiietnc 
flask The final volume xxas adjusted to 1 cc 

Paper chromatography. — Duplicate spots each 
made from 0 1 cc of the same sample xxere applied 
to the "origin” of one paper sheet Each spot 
occupied a site 4 cm m length which xvas so spaced 
that2-cm and 3 cm blank spaces remained between 
each spot and the long edge of the paper, and be 
txxeen the txvo spots, respectively The descending 
papergram was developed m an air tight battery 
jar After approximately forty hours of develop 
ment, the sheets were removed from the develop 
ment chamber, dried in a hot air oven for two hours 
at 105°, and processed as described in detail by 
Remeke (2) 

An aliquot of the eluate xxas read m the Beckman 
DU spectrophotometer 

The absorbance values xxhich xxere obtained from 
the duplicate analy’sis of an authentic sample arc 
given in Table IV 


Table III — Nonsteroidal Background Absorp- 
tion Resulting from Papergram Elution or a 
Specific Tablet Formulation 



Time 

Exposed 

A 224 

A 244 

A 200 

Sample 

at 70° 

mii 

TUM 

my 

lA 

24 

0 034 

0 oil 

0 010 

IB 

24 

0 044 

0 017 

0 017 

2A 

48 

0 009 

0 032 

0 020 

2B 

48 

0 045 

0 018 

0 017 

3A 

74 

0 055 

0 022 

0 020 

3B 

74 

0 035 

0 017 

0 017 

Ax'erage Ratios A 224 mji/A 200 inji 
A 244 mji/A 200 mu = 1 00 

= 2 50, 


These values xxere then inserted into equation 2, 
tlius 


Upred] 


ni«olone “ 


0 07A- -1- 1 05A, - 0 44A, 
21 30 


(Eq 2) 


This formula xxas used for the results discussed 
and analx zed in the subsequent paper (6) 


Gpredniaolonc — 

0 07 X 0 042 -f 1 05 X 0 452 - 0 4 1 X 0 408 _ 
21 30 ' ” 

= 1 59 X 10 Gin /L 


Final Assay Method 

Tablet Extraction. — Ten tablets were taken as 
the sample for analx sis to reduce sampling error 
The cores containing the steroid xxere separated 


The concentration of prednisolone for one tablet 
xxas calculated from the above data 111 the following 
manner Since an aliquot o (0 1) of the extractixcs 
from b (3) tablets xxas applied to the papergram am 
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Table IV. — Absorbance Values trom Paper- 
gram Eluates of an Authentic Sample 


Sample 

Ai 

A* 

Aj 

Ahquot 

(224 mp) 

(244 mu) 

(260 mu) 

2A 

0 408 

0 642 

0 452 

2B 

0 398 

0 623 

0 442 


tlie steroid spot vfas eluted vfitVi d (0 03) liters of 
solvent, the calculation became; 

« Cprctlmsolonc X il p 

^prr(lni3olono/t'il>lct — (I b 

1 59 X 10-2 Gn, /L. X 3 X IQ-’-L. 

10-1 X 3 

CjircilniaoIonp/t^Llct — 1 59 X 10 ^ Gm 

Table V gives a comparison of values which were 
obtained by different procedures of calculation from 
the absorbances listed in Table IV 


The paper chromatographic method can also be 
used for the qualitative determination and char- 
acterization of possible artifact material. This maj' 
be helpful in uncovering and interpreting imcompati- 
bilities betu een components in the formulation. To 
do this, the development of the papergram is inter- 
rupted before the artifact spot disappears from the 
end of the sheet. For e.\ample, an inferior predniso- 
lonc-acetylsalicylic acid formulation was subjected 
to the paper chromatographic assay procedure. An 
artifact area was eluted from the papergram which 
was subsequently identified by micro-infrared spec- 
troscopy as prednisolone acetate (7). This indi- 
cated an undesirable transesterification between 
prednisolone and acetylsalicylic acid. Knowing 
the nature of these possible interactions facilitates 
the formulation of a stable product. 

This paper chromatographic assay should be appli- 
cable, with minor modifications, to tlie determination 
of prednisolone in many other dosage forms. 


Table V. — Calculation or Prednisolone Con- 
centration (mg /Tablet) prom Absorbances op 
Table IV by Dipperent Procedures 


Sample Method of Calculation 

Aliquot A® Bb C« 

2A 1 69 1.56 1 47 

2B 1 66 1 51 1 42 


“ Calculated accordins to Formula II 

t Calculated from As (244 mu) alone without consideration 
of any correction for background absorption or of 95 1% re- 
covery from the paper 

« Calculated from As (244 mp) alone after correction of A, 
for background absi^tiou eluted from the paper and with 
consideration of 95 1% recovery of steroid from papergram 

Table V shows tbat calculation of the steroid con- 
centration by formula II gives the highest values. 
That these values are very close to the true concen- 
tration was determined by processing two accurately 
weighed samples of prednisolone through the whole 
analytical procedure. The final results were 2% 
and 3% low, respectivelj*. 

DISCUSSION 

A reproducible papcrcbromatographic assay has 
been developed which is highly specific for predniso- 
lone in tablet formulations. Although the assay 
is rather tedious it is superior to conventional 
methods of 17-hydro\ycorticosteroid assay because 
it almost completely eliminates tablet components 
and degradation products which might interfere with 
other methods. The method is designed in such a 
way that it compensates for minor interferences 
which are still present after prolonged paper chro- 
matographic separation Therefore, it is ideal for 
establishing the veracity of other, less tedious 
methods. 


SUMMARY 

1. A quantitative paper chromatographic 
assay for prednisolone in tablet formulations has 
been developed and applied to the development of 
a stable prednisolone formulation containing 
acetylsalicylic acid. 

2. Because of its specificity this assay is 
superior to the triphenyltetrazolium assay in the 
presence of tablet ingredients which interfere 
with the latter method. 

3. The assay is not recommended for the rou- 
tine analysis of tablet formulations ivith good 
stability. Its application is advantageous, how- 
ever, if the reliability of routine assaj' such as the 
triphenyltetrazolium method has to be estab- 
lished. 

4. The versatility of the paper chromato- 
graphic assay is discussed in relation to the prob- 
lem cf qualitative interpretation of imeompati- 
bilities. 
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Comparison of Methods of Assay of Prednisolone in 

Compressed Tablets* 

ByJ. G. WAGNER, J. K. DALE, C. A. SCHLAGEL, P. D. MEISTER, and R. E. BOOTH 

A paper chromatographic method and a method based on chloroform extraction 
followed by a tetrazolium assay are shown to give similar results in the determination 
of prednisolone in certain compressed tablets after storage at room temperature and 
at elevated temperatures. A method based on alcoholic extraction of the steroid 
followed by a tetrazolium assay is shown to give higher values of potency than the 
other two methods on most of the stability samples. The increased stability of 
prednisolone in compressed tablets when the tablets are stored with a desiccant is 

noted. 


I 'his communication is concerned with a com- 
-**- parison of three methods of assay of pred- 
nisolone in compressed tablets. Method “A” 
is the paper chromatographic procedure of 
Meister, et al. (1), which without modification 
can be used for the assay of tablets containing 
both reducing sugars and acetylsalicylic acid. 
Method “B” is a chloroform extraction-tetra- 
zolium method which can be used to assay 
tablets containing reducing sugars and can be 
easil}' modified” to assay tablets also containing 
acett'lsalicylic acid. Method “C” is an alcohol 
extraction-tetrazolium method which is unsatis- 
facton.’ when a reducing sugar such as lactose is 
present or when applied to certain aged 
prednisolone tablets. 

Previously described colorimetric methods for 
the determination of 17-hydroxycorticosteroids 
involve the reduction of a tetrazolium salt in 
alkaline solution by the ketol group of these 
steroids (2-8). 

Mader and Buck (2) applied the tetrazolium 
color assay to various steroids and reported that 
cortisone acetate could be separated from re- 
ducing sugars such as lactose by extraction of the 
steroid with absolute eth}’! alcohol or isopropyl 
alcohol. W'^e have found that the solubility of 
lactose in absolute ethyl alcohol is sufficient to 
cause considerable interference in the tetra- 
zolium assay of prednisolone. 

The chemical reduction of 2,3,0-triphenyl- 
tetrazolium chloride (tetrazolium salt) in alcoholic 
solution b}' prednisolone in the presence of 
approximately 0.009 N tetramethylammonium 
hydroxide is rapid and essentially complete after 
thirty to thirty-five minutes. Providing only 
prednisolone is present tlie absorbance of the 
colored solutions at the wavelength of maxi- 
mum absorption (485 mg) remains essentially 
constant over the range of thirt}'-five to sixty 
minutes. An increase in absorbance with time, 

* Received November 20, 1957, from The Upjohn Com- 
pany, Kalamazoo, Mich, 


in the range of thirty-five to sixty minutes, in- 
dicated that an interfering nonsteroidal sub- 
stance is present. Izzo, Burton, and Keutmaim 
(7) reported similar data for other steroids 
possessing an alpha ketol side chain. The values 
of prednisolone potency reported below were 
calculated from the plateau values of absorbance, 
i. e., from the absorbance values of the sample 
and standard after the level portion of the absorb- 
ance versus time curve had been reached. 

EXPERIMENTAL 

Reagents . — Tetrazolium SoltUion . — A 0.5% \v/v 
solution of 2,3,5-triphenyltetrazoliuin chloride (Da- 
jac Laboratories) in absolute alcohol. 

Base Solution . — One milliliter of a 10% aqueous 
solution of tetramethylammonium hydroxide (East- 
man Organic Chemicals No. 1515) was diluted with 
9 ml. of absolute alcohol. The solution was filtered 
through Whatman No. 1 filter paper. 

Standard Prednisolone Solution . — A solution con- 
taining 10 gg. of specially purified prednisolone per 
ml. of absolute alcohol. Prednisolone, absolute 
ethyl alcohol, and chloroform were the same as 
described by Meister, et al. (1). 

Samples. — Prednisolone tablets, containing no 
lactose nor acetylsalicylic acid, were prepared from 
the same formula but by two different processes. 
Those prepared bi' one process are designated Lots I 
and lA and those prepared by the other process arc 
designated Lots II and IIA. The results reported in 
Table I led to the following sampling technique. 
Three aliquots, each representing three 1.5-mg. 
tablets, were taken from 10 finely powdered tablets. 
One of the aliquots was assayed bj' method "A, ^ 
one by method "B,” and one by method "C.' 
Assay values plotted in Figs. 1 through 4 and tabu- 
lated in Table II resulted from this type of sampling. 

Assay Methods . — Method "A” was the paper 
chromatographic method reported by Meister, 
e/o/. (1). . 

Method "B ." — The aliquot of powrler was iiiixen 
with 4 ml. of deionized water in a 500-ml, volumetric 
flask. About thirty minutes later approximately 
250 ml. of chloroform was added, the flask was 
stoppered, shaken for about two minutes, then al- 
lowed to stand for fifteen to thirty minutes. Sufii- 
cient chloroform was added to bring the volume to 
the bottom of the neck, the flask was stoppered and 
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shaken again for about two minutes Chloroform 
was added to the fiducial mark of the flask The 
flisk was stoppered, shaken, ind allowed to stand 
until the lasers separated After removing the 
water lajer above the fiducial mark with a vacuum 
hose two 20 ml aliquots were withdrawn from the 
center of the flask Each aliquot w as transferred to 
a 25 ml glass stoppered flask containiug three glass 
beads Most of the chloroform w as e\ aporated on a 
steam bath but the last traces were removed by 
suction The steroid residue was dissolved m 20 ml 
of absolute ethj 1 alcohol, 2 0 ml of tetrazolium 
solution w ere added followed by 2 0 ml of base 
solution The contents of the flask w ere mixed by 
swirling After thirty five and fortv-five minutes 
the absorbance was determined at 485 mu on a 
Beckman spectrophotometer. Model DU A stand- 
ard solution of prednisolone and a blank consisting 
of absolute alcohol were carried through the identical 
procedure 

Method “C " — The aliquot of powder was trans- 
ferred to a 500-ml volumetric flask with the aid of 
250 ml of absolute alcohol The flask was stop- 
pered and shaken in a shaking machine for two 
and one half hours w hich w as show n to be sufficient 
for complete extraction of the steroid The flask 
was then made up to volume with absolute alcohol 
and the contents mixed by inversion An aliquot 
of about 30 ml of the extract was centrifuged at 
20,000 r p m until the supernatant was optically 
clear The remainder of the procedure was identical 
to that described for method “B” except that one- 
half the volumes of alcoholic solution and reagents 
and a Beckman spectrophotometer. Model B were 
used 

For methods “B" and “C” potency of the tablets 
was calculated by means of the equation 

Milligrams of prednisolone per tablet = 

X (^Bimple/^stindard) 

where A sample is the absorbance of the sample at 
485 m/i m the plateau region and A,ta„d,r<i is the 
absorbance of the standard at the same w avelengtli 
and after the same time 

RESULTS AND DISCUSSION 

Freshly Made Tablets — The three methods of 
assav gave the same average potency of prednisolone 
m freshly made tablets Table I shows the results 
obtained with Lot I bj methods "B” and "C” and 
with Lot lA by all three methods The average of 
the two series of assays obtained by method "C” 
on Lot I w ere tested against the a\ erage obtained b\ 
method "B” on Lot I by Student’s t test (9a) 
Sunilarlv the aicrages of the two series of assays 
obtained by method “C" on Lot lA were tested 
against the aierages obtained bv method "B” on 
Lot I A In both cases the t \ allies were less than 
iiiiiti and no significant difference between axerages 
b\ the two methods could be shown Method ‘‘A" 
g IX e identical results m the case of Lot lA, the range 
being 1 5.1 ± 0 01 whereas the 95% confidence inter 
X al about the mean for method “B" xxas 1 52 ± 0 03 
and for method "C" was 1 S3 ± 0 02 

The repetitix e assax s on groups of three tablets of 
Lots I and lA b\ methods “B” and "C" disclosed 
th It the distribution of prednisolone per tablet m 


Lot lA was much more uniform than in Lot I 
This xxas confirmed by comparing the standard de- 
xiatious associated with samples (10) for Lots I and 
lA To reduce this sampling error m subsequent 
assay s the sampling procedure discussed under 
"Samples” xxas used m all subsequent investigations 
Duplicate assays xxere run on each extract by each 
method m order to estimate precision 

Short Term Stability Tests Carried Out at 70° — 
In order to quickly screen formulas, methods of 
preparation, and packaging variations, samples of 
the tablets were stored at 70° in an air-circulatmg 
oven equipped xxith an automatic temperature re- 
corder for vary’ing periods up to seventy two hours 
A blank tablet prepared with the same formula 
and method of preparation as Lots I and lA but 
xxithout prednisolone xvas stored at 70° m sealed 
bottles xxith metal-liner caps xxithout Humi Caps' 
for txventy four, forty-eight, and seventy-txvo hours 
The samples xvere analy'zed by methods "A” and 
"C ” Results of analysis of these samples bv 
method “A” xxere incorporated in the tliree com- 
ponent equation used to calculate potency on the 
other samples (1) By^ method "C” the twenty’- 
four and forty eight hour samples of these tablets 
gave a “potency” equixalent to 0 03 mg of "pred- 
nisolone” per tablet and the sexenty'-two hour 
sample gave a "potency ” equixalent to 0 08 mg of 
“prednisolone” per tablet 
Tablet lot lA, stored at 70° xxitl\ Humi Caps in 
the bottles, when assayed by method “A” and 
“B” exhibited a loss of 9 2% of the initial predniso- 
lone content (1 53 mg /tablet) during the first 
txxenty four hours but no more loss m potency dur- 
ing the next forty-eight hours Results obtained 
xxith method "C” on the same samples were all 
much higher, the mean value being 1 56 mg of 
prednisolone per tablet m the txventy four to seventy - 
tw o hour range These results are plotted m Fig 1 



Tig 1— Plot of milligrams of prednisolone per 
tablet against tune m hours for lot lA stored at 70° 
111 sealed bottles with inctal-hiier caps and Humi 
Cips A — Method “A”, □ — method ‘B’ o— 
method ‘C ” 


' Ilutni^Caps — A plastic ciintamer enclosing apnror 
in'ilcl> 0 75 Om of dried silica pel ni inufactured bv ijrt a. * 
Inct»rj>orated, South Norwalk, Lonn 
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Table I — Comparison or Assa\ Results Obtained by Three Different Methods and Investigators 
on Different Samples of the Same Freshly Made Tablets 




Potency 

Milligrams of Prednisolone Per Tablet 

■ 


Lot 1“ 



J ot IA“ 


I ot lA*' 

Method B ' 

J^Iethod C 

Method B 

Method 

c 

Method A ’ 

1 48 

1 61 

1 57 

1 48 

1 51 

1 50 

1 52 1 64 

1 43 

1 43 

1 40 

1 52 

1 47 

1 47 

1 53 

1 51 

1 54 

1 50 

1 53 

1 53 

1 53 

1 54 1 53 

(Av 1 53) 

1 48 

1 55 

1 56 

1 53 

1 55 

1 62 

1 60 

1 59 

1 60 

1 55 

1 57 

1 56 


1 53 

1 51 

1 51 

1 49 

1 56 

1 53 


(Av 1 51) 

(Av 

1 53) 

(Av 1 52) 

(Av 1 53) 



" In earh c ise si\ RTtiups of three tablets were extracted by each method Only one tetrazohum assay was done on each 
extract by method H but two tetrazolium assays were done on e ich extract by method C 

Fen tablets were ground to a powder and three aliquots of powder e ich representing three tablets w ere extracted separately 
Two paper strqis were run on each extract One paper strip was damaged ind could not be usetl 


Results obtained uhen tablet lot lA uas stored 
at 70“ without Hutni Caps in the bottles are plotted 
in Fig 2 The xalues obtained by method “C” 
were corrected for the values of "prednisolone” 
found for the blank tablets It can be seen that 
prednisolone in lot lA, stored at 70° in the absence 
of Humi Caps, shows a linear degradation with 
time b\ all these methods Linearity of such a plot 
indicates a constant degradation rate independent of 
concentration, i e , pseudo zero order rate The 
slopes of the lines shown in Fig 2 were calculated by^ 
the method of ‘ least squares” (96) and the slopes 
were compared by calculating the value of t = 
difference in slopes/standard deviation of the dif- 
ference (9c) The slopes of the lines do not differ 
at P = 0 05 How ever, there is obviously' a bias in 
the results obtained by method “C ” 

The improy ement in stability' of prednisolone in 



TIME IN HOURS 

Fig 2 — Plot of milligrams of prednisolone per 
tablet against time m hours for lot lA stored at 
70“ in sealed bottles with metal liner caps without 
Humi Caps A — Method “A” n — method “B”, 
O — method “C ” 


tablets w hen the tablets are stored with a desiccint 
(Humi Caps or Dri Pa\^) is noteworthy In the 
70° study w'lth Humi Caps the loss m potency which 
occurs during the first tiventy' four hours may be 
ultimately caused by' moisture m the tablet The 
ivater is finally absorbed by' the silica gel, and, once 
equilibrium is attained, no further loss in potency 
occurs At 47° the improvement in stability when a 
desiccant is present is also evident 

One and Two Month Stability Samples — Table II 
IS a tabulation of averages of duplicate assay values 
obtained by the three methods on aliquots of the 
same two month stability' samples of Lots I and II 
and aliquots of the same one month stability samples 
of Lots lA and HA Tablets of the four lots were 
stored in sealed bottles under the conditions iiidi 
cated m the table 

Evaluation of Data — The average deviation of 
duplicate assay's on 23 samples was 0 02 mg of 
prednisolone for all methods, the 95% limits were 
0 05 mg of prednisolone per 1 5 mg tablet which is 
an error of about 3% 

The data obtained by' all three methods on a given 
group of samples were combined and an analysis of 
variance was made for each group The results of 
these analyses are shown in Table III When all 
three methods were included in the analyses a sig 
nificant difference between methods and a significant 
interaction (samples X methods) was found for 
five out of the six groups of samples The significant 
interactions w ere due mainly to the fact that method 
"C” gave consistently' higher results than either 
methods "A” or "B” except on freshly' prepared 
tablets Hence, although method "C” had the 
same precision as methods “A” and "B” it did not 
have the same accuracy' Method "C” was con 
eluded to be an unsatisfactory procedure since re 
suits obtained with the method appear to be mark- 
edly sample dependent There were indications 
that method "C” measured certain steroid degrada 
tion products which were not measured by' methods 
“A” and “B ” 

Separate analy ses of variance w ere performed for 
each group of samples using only the data obtained 
by methods “A” and "B ” The results of these 
analyses are shown in Table III also In only one 


' Dn Pax — A cloth baR enclosing approximately 3 Gra 
dned silica gel manufactured by Dax iscin Chemical Comp y 
Baltimore Atd 
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Table II — Tabulation or Averages or Duplicate AssaVS Obtained by Three Ditterent Methods 

ON Aliquots of the Same Stability Samples 


Methods 

A 

B 

C 


A 

B 

C 


A 

B 

C 

A 

B 

C 


R T 


Potency: Milligrams of Prednisolone Per Tablet 

SaiUIiles 

R T + „ rt 

Humi Caps 40° Humi Caps 


54 

47 

56 


58 

47 

50 


Group III: 


Group IV 


1 48 D-P 


Group Y; 

1 55 
1 51 
1 53 

Group VI : 

1.49 
1.49 
1 56 


47° + Dri-Pax 

40° Humi Caps 17° or Kiimi Caps 

Assaxs of Two Montli Stability Samples of Lot I 
1 48 1 44 

1 40 1 38 

1 58 1 60 

Assays of Tw'O Month Stability Samples of Lot II 
1 33 1 21 

1 28 1 13 

1 38 1 29 

Assays of One Month Stability Samples of Lot I A 
1 42 
1 45 
1 55 

Assays of One Month Stability Samples of Lot IIA 

1 47 . 1 36 H-C 

1 42 


46 
62 

35 D-P 
33 
1 40 

1.50 H-C 
1 53 
1 06 


43 

56 


Table III — Results of Analyses of Variance or 
Assay Values Obtained by All Three Methods 
and by Methods A and B Only on Different 
Groups or Tablets 


Analysis of AU Three Analysis of Methods 
Methods “A” & “B” Only 

/—Probabilities of Significance of Difference — * 

Data 

Among 

Among 

Among 

Among 

Analyzed 

Samples 

Methods® 

Samples 

Methods® 

Group I"* 

N S" 

0 001 

0 05 

N S 

Group 11' 

0 OOD 

0 001 

0 001 

0 05 

Group II H 

N S" 

0 01 

0 001 

0 001 

Group IV/ 

0 OOH 

0 01 

0 001 

0 001 

Group 

N S’’ 

N S 

0 01 

N S 

Group VH 

H S" 

0 05 

N S'- 

0 05 


“ N S = Not sigiuficarit 
Interaction (samples X methods) significant 
" ‘ » between “methods” is due 

the duplicate assays were 
tage to spectrophotoraetnc 
measurement and not from the powder aliquot to spectro- 
photometnc measurement No accurate estimate of the 
sampling error resulting from the use of dilTerent aliquots of 
ten crushed tablets of different tablet lots was made 
See Fig 1 
* See Fig 2 

/ Individual assay \ allies from which averages in Table II 
calculated 


out of si\ groups of samples was there a signi6cant 
interaction (samples X methods) and this was 
obviously due to the difference in results obtained 
by methods “A" and “B” on the tablet Lot IIA 
stored for one month at 47°. 

There was a sigmbcant difference between meth- 
ods “A” and “B” when applied to four out of the 
si\ groups of samples However, from a practical 
standpoint the difference in results obtained by 
methods “A" and "B” are very small in all si\ 
groups’ The average deviation between results 
obtained by methods “A" and “B" is —0 02 mg of 
prednisolone per tablet with a range of —Oil to 
-PO 06 mg of prednisolone per 1.5-mg tablet (de- 
viations taken as average of duplicate assays by 
method “B" minus average of duplicate assays bv 


method “A”). Expressing this in another way, one 
can say that potencies found by method "B" ranged 
from 93 to 104% with an average of 98 6% of the 
potencies found by method “A ” It should be 
pointed out that such agreement between methods 
“A” and "B” may not apply to all tablet formula- 
tions or stability samples 
In Fig 3, the ordinate T, is the average potency 
found by duplicate assays with method “B” and the 
abscissa, X, is the average potency found by dupli- 
cate assays with method “A.” There are twenty- 
four such averages by each method The “least 
squares" line, Y = 0.908 X + 0.11, calculated for 
these data was shown to have a slope not differing 



> Sec also footnote *‘c,’' 1 able III. 
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significantly from unity and an intercept not differ- 
ing significantly from zero The solid line in Fig 3 
represents the a\ crage slope, fl 980 Hence it may 
be concluded that results obtained by method "B” 
correlate nell with results obtained b 5 ' method "A ” 
In Fig 4, the ordinate, V' is the average potency 
found b}’ duplicate assa 3 -s nith method “C” and 
the abscissa, X, is the average potencj' found bj’’ 
duplicate assays nith method “A ” There are 



MILLIGRAMS OF PREDNISOLONE PER TABLET 
(METHOD “A") 

Fig 4 — Correlation of assay results obtained bj'- 
method "C” ivith results obtained b>' method "A ” 
The line is calculated from the equation. Y = 
0 739 AT -(- 0 48 uhich is the fitted line obtamed by 
means of the method outlined m reference (11) 
and by the method of “least squares ’’ 


tnenty-four such averages by each method The 
line shonn on the plot nas calculated from the equa- 
tion y' = 0 739A J- 0 48 nhich is the fitted line 
obtained by means of the method of Bartlett (11) 
and also by the method of “least squares ’’ It is 
obvious that method “C" does not give results 
correlating well with method "A ” 


SUMMARY AND CONCLUSIONS 


1 A prcliininar}' comparison of tiirec inclhods 
of determining prednisolone in fresiily made and 
aged tablets lias been made. 

2. A chloroform e.\traction-tetrazolium pro- 
cedure and an alcohol extraction-tetrazolium 
procedure, are described in detail. The third 
metliod, a paper chromatographic procedure, 
has been deseribed in detail in a previous com- 
munication. 

3. The chloroform extraction-tetrazolium pro- 
cedure gave comparable results to the paper 
chromatographic method for the samples checked 
The former method, being less tedious, is the more 
desirable one for routine assays. 

4 The alcohol extraction-tetrazolium pro- 
cedure was found to be unsatisfactorj' and did not 
give results correlating well with the paper 
chromatographic method. The alcohol metliod 
gave high values formany of the stability samples 
although it compared well with the other methods 
when used for freshh’- prepared tablets 

5 The presence of a desiccant was shown 
to improve the stability of prednisolone in com- 
pressed tablets 
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A Study of the Titration of Organic Bases in 
Chlorobenzene with Acetous Perchloric Acid* 


By M. PERNAROWSKI and D. W. BLACKBURNf 

Potentiometric titrations can be carried out in chlorobenzene by using glass and 
sleeve-type calomel electrodes and a Beckman Model GS pH Meter. Acetous per- 
chloric acid is the most suitable titrant. Galvanometer response is rapid and no 
erratic galvanometer needle deflections are noted when this titrant is used. The 
optimum concentration of titrant at the end point appears to be approximately 20 
parts titrant for every 100 parts of solution. Bases as weak as caffeine can be deter- 
mined in this solvent but only with a limited degree of accuracy. A mixed solvent 
containing 20 per cent glacial acetic acid in chlorobenzene can be used for the 
titration of organic bases insoluble in chlorobenzene. Bromophenol blue is a suit- 
able indicator for use in chlorobenzene. Neutral red, brilliant green, and methyl 
red can also be used in this solvent but indicator changes are not as satisfactory as 

with bromophenol blue. 


T wenty-five years ago, Conant, Hall, and 
Werner (1-3) showed that many sub- 
stances which exhibit no basic properties in water 
behave as relatively strong bases in glacial acetic 
acid. The analytical significance of their ob- 
servations was not immediately realized and the 
technique of acid-base titrations in nonaqueous 
solvents was not generally accepted until after 
the second world war. The distinct advantage 
of this method, as compared with volumetric 
procedures carried out in aqueous media, made 
it particularly suited to the quality control of 
pharmaceuticals. The application of acid-base 
titrations to the analysis of pharmaceutically im- 
portant compounds has been adequately reviewed 
by Pifer, Wolfish, and Schmall (4). Reviews of 
a more general nature have been published by 
Riddick (5-7) and Ballczo (8, 9). 

Research in this field has followed the pattern 
laid down by Conant, Hall, and Werner. The 
"super acids” appeared to offer the ultimate in 
base intensification and solubilization. A large 
number of papers, therefore, appeared in the lit- 
erature dealing with the analysis of various or- 
ganic bases in glacial acetic acid. It soon be- 
came evident that other solvents were superior to 
glacial acetic acid both in solubilizing ability and 
in base-strengthening power. Pifer, Wolfish, 
and Schmall (10) showed that the addition of 
aprotic solvents to glacial acetic acid greatly in- 
creased the magnitude of the potential break at 
the end point in the potentiometric titration of 
very weak bases u-ith acetous perchloric acid. 
Fritz (11) reported that many' solvents gave as 
good or better results than did glacial acetic acid. 
Chlorobenzene can be classified as an inert or 

* RccciviMl JaiHinry 2~i, lUoS, from the rcNcnrch laboratories 
of the School of Pharmacy, Purdue Univerbity, West Lafay- 
ellc, Ind. 

t Present Address: Smith Kline and French Labora* 
tories, Philadelphia 1, Pa. 


aprotic solvent. Little ionization occurs in 
such solvents (8) and it is, therefore, an excellent 
medium for the reaction of basic compounds with 
acetous perchloric acid. The solvent, however, 
has not been extensively investigated. Fritz 
(11) reported the determination of several organic 
compounds in this solvent using either indicators 
or a glass and silver-silver chloride electrode com- 
bination to detect the end point of the titration. 
Rice, Zuffanti, and Luder (12) studied indicator 
color changes with “L-acids” in chlorobenzene. 
Deal, Weiss, and White (13) determined basic 
nitrogen compounds in asphalt by titration in a 
50 per cent mixture of glacial acetic acid in 
chlorobenzene with acetous perchloric acid. 
They reported that potentiometric titration in 
chlorobenzene alone was not feasible. 

EXPERIMENTAL 

At the outset, it was necessary to establish proper 
conditions for potentiometric titration in chloro- 
benzene. Neither the glass and fiber-type calomel 
electrode combination nor the glass and silver-silver 
chloride electrode combination suggested by Fritz 
(11) were found to be suitable. Potentiometric 
titrations of several organic bases using these 
electrodes and a Beckman Model GS pH Meter 
were unsatisfactorj^ because of erratic galva- 
nometer response. Similarly, the gold and calomel 
electrode combination suggested by Zeidler (14) 
and Novak (15) was found to be unsatisfactory for 
use in chlorobenzene. A glass and glass sleeve-type 
calomel electrode combination showed satisfactorj- 
response during potentiometric titration of basic 
compounds in chlorobenzene. 

Preliminarj’ investigation of several titrants 
showed that acetous perchloric acid was the most 
suitable titrant for use in chlorobenzene. Per- 
chloric acid in dioxanc and perchloric acid in 20% 
glacial acetic acid in chlorobenzene were unsatis- 
factory because of erratic galvanometer response. 
Diphenyl phosphate, a titrant used by Davis and 
Hetzer (IG) for titrations in aprotic solvents, was 
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unsatisfactorj because of its poor solubility m 
chlorobenzene 

These exploratorj potentiometnc titrations of 
se\ eral organic bases in chlorobenzene established 
that satisfactorj titration cur\ es could be obtained 
using glass and sleeve t} pe calomel electrodes, a 
Beckman Model GS pH Meter, and acetous per 
chloric acid as titrant These observations confirm 
literature reports that the glass and sleeve-tjpe 
calomel electrode combination and acetous per 
chloric acid are generally the most satisfactory 
electrode combination and titrant for use in alkali- 
metric titrations in nonaqueous media 

Titration Assembly. — A Beckman Blue Label 
Glass Electrode No 1190-80 and a Beckman Sleeve- 
Tj pe Calomel Electrode No 1170-71 were inserted 
into a Beckman Electrode Holder and placed in the 
solution being titrated The Beckman Electrode 
Holder provided standard electrode spacing through 
out the titrations Decreasing this distance be 
tuccn electrodes did not appear to have any bene 
ficial effect on the nature of the potentiometnc 
titration The electrodes iicre connected to a 
Beckman Model GS pH Meter, Serial No 97182, 
and the potentiometnc titration was carried out 
iMth the sensitivity switch in position A and the 
pH Mv switch in position -|-Mv During the 
titration, the acetous perchloric acid and the solution 
were mixed with a glass stirring rod A magnetic 
stirrer may be used but extreme galvanometer 
deflection results n Inch necessitates disconnection of 
the stirrer when millivolt readings are being taken 

Solvent Purification. — Approximately 10 Gm of 
anhjdrous granular calcium chloride were added 
to 500 ml of chlorobenzene (Eastman reagent 
grade) and alloued to stand for twentj four hours 
The solvent n as distilled from an all glass apparatus 
and the distillate collected when the boiling point 
became constant The procedure was repeated 
and after the second distillation the solvent iias 
considered read} for use The observed boiling 
point lias 129 5° Literature values of 130 25- 
132° have been reported (17) Refractive index 
rallies agreed satisfactorily ivith the values reported 
m the literature 

Choice and Punty of Organic Bases Titrated — 
Nine organic compounds, Mith pKb values in ii atcr 
ranging from 4 35 to 14 00, iiere studied during 
the course of this iniestigation In addition, salts 
of tuo organic bases and one salt of an organic 
acid Mere included m the list of compounds titrated 
during the investigation The organic bases and 
salts chosen Mere atropine, str}chnine, ephedriiic, 
alanine, cinchonine, amidoprrmc, bcnzocaine, caf 
feme, theobromine, atropine sulfate, epliedrme 
sulfate, and potassium acid phthalate All the 
organic bases Mere dried in an oven set at 100° or 
ox er phosphorous pentoxide depending on the 
melting point of the compound 

The melting points of the organic bases Mere 
determined using either a Purdue melting point 
bath or .i Fisher John melting point apparatus If 
the melting point of the compound did not agree 
M itli the \ alue reported in the literature, the organic 
base Mas recr} stallized b} dissolving in a minimal 
amount of alcohol and precipitating m ith an excess 
of distilled Mater .Atropine sulfate ixas rccrxstal 
Iized from dioxanc 


Titrant. — The acetous perchloric acid used iii tins 
investigation was prepared and standardized accord 
mg to the procedure given by Seaman and Allen 
(18) The acid was added to the solution of the 
organic base m chlorobenzene or 20% glaciil acetic 
acid m chlorobenzene from a 5 0 ml buret cali- 
brated to 0 02 ml Increments of 0 02 ml ii ere 
added to the solution m the end point region both in 
potentiometnc and indicator titrations No at 
tempt was made to add less than 0 02 ml of titrant 
even though end point detection to 0 01 ml is 
possible in many acid-base titrations m nonaqueous 
media 

Titrations in Chlorobenzene. — One milhcqinxa- 
lent weight of the organic base m as transferred quan 
titatively with the aid of chlorobenzene to a prex i 
ously calibrated 100-ml volumetric flask The 
solution Mas diluted to 100 0 ml with chloroben 
zene, mixed, and 25 0 ml aliquots Mere measured 
from a buret for potentiometnc titration Mitli 
0 04C0 Af acetous perchloric acid The s line 
procedure was used for indicator titrations in 
chlorobenzene 

This procedure provided a means of titrating 0 25 
milliequivalent xx eight of the organic base without 
resorting to the weighing of semimicro quantities 
of material Moreover, a direct comparison of all 
titration curves could be made since the ratio of 
solution to titrant was approximately the same in 
all titrations Each titration required approxi 
matel}' 5 4 ml of acetous perchloric acid and the 
ratio of titrant to solution at the end point was, 
therefore, 21 6 to 100 

Titrations in 20% Glacial Acetic Acid in Chloro- 
benzene — The samples xx ere prepared for titration 
in a manner similar to that given above One niilh 
equivalent weight of the organic base was trans 
ferred to a 100 ml volumetric flask with the aid of 
20 0 ml of glacial acetic acid and sufficient cliloro 
benzene was added to make the final volume 100 0 
ml Titrations were carried out on 50 ml aliquots 
of the solution This, however, did not change the 
ratio of titrant to solution since both the volumes 
of titrant and solution were doubled 

Titrations m ere carried out in this mixed solvent 
S} stem for tix o reasons 

(a) It has been reported m the literature that the 
addition of solvents of low dielectric const int to 
solutions of weak bases in minimal amounts of 
glacial acetic acid enhanced the potential change at 
the end point (10) This phenomenon occurs even 
when the glacial acetic acid content of the solution is 
further increased by the addition of acetous per 
chloric acid Potentiometnc titrations in 20% 
glacial acetic acid in chlorobenzene would confirm 
this observation 

(5) Many organic bases arc readil} soluble in 
glacial acetic acid Since it was expected that 
several of the organic bases used in tins investigation 
would be insoluble m chlorobenzene, some otlier 
method of solubilization h id to be used th it would 
retain a solvent s} stem consisting iiiainl} of cliloro 
benzene Glacial acetic .icid was found to be the 
most satisfactor} solubilizing igent inxcstigated 
It provided a stable titration medium for poteiitio 
metric titration and, at the same tunc, solubilized 
the majorit} of the organic bases used in this 
inx estigation 
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Other solubilizing agents were investigated in this 
phase of the work. It has been reported in the 
literature that morphine and codeine phosphate can 
be easily solubilized in chloroform by the addition of 
1% and 5% phenol, respective!}' (19, 20). Addition 
of 5% phenol to the chlorobenzene was found to be 
unsuitable because of erratic galvanometer response 
during potentiometric titration. In addition, the 
solubility of the organic base was not materially 
increased. 


DISCUSSION 

The solubility of the organic bases used in this 
investigation in chlorobenzene or 20% glacial acetic 
acid in chlorobenzene was better than expected. 
Only alanine was found to be insoluble in both 
solvent systems. Theobromine and cinchonine 
ivere insoluble in chlorobenzene but, at the same 
time, their solubility in glacial acetic acid was poor. 
Heat was used to solubilize these bases in glacial 
acetic acid prior to the addition of chlorobenzene. 
The alkaloidal salts and the salt of the organic acid 
used in this investigation were solubilized in 20% 
glacial acetic acid in chlorobenzene without any 
difficult}’. 

On the basis of experimental observations, it 
would appear that the titraut should be approxi- 
mately 0.05 N in order to carry out a satisfactory 
potentiometric titration. In addition, the ratio 
of titrant to solution at the end point should be 
approximately 20 to 100. The addition of larger 
quantities of titrant increased the stability of the 
solvent system during the potentiometric titration 
but, at the same time, decreases the value of the 
factor dE/dV at the end point. The ratio of 20 
parts of titrant to 100 parts of solution is not 
critical. Several titrations irere performed in 
which the titration at the end point was approxi- 
mately 5 to 100. Although it is possible to carry 
out titrations at this level, the solvent system is not 
as stable as with higher titrant to solution ratios. 

Typical titration curves for the weak base ami- 
dopyrine in chlorobenzene and in 20% glacial 
acetic acid in chlorobenzene are shown in Fig. 1, 



ML. 0.0460 N acetous PERCHLORIC ACID 


Fig. 1. Titration curve lor amidopvrine in 

chlorobenzene and in 20% glacial acetic 

acid in chlorobenzene . 


The titration curves for the stronger bases showed 
greater potential changes at the end point while 
tlie potential changes for the weaker bases were less 
pronounced. As an example, in chlorobenzene 
the value of the factor dE/d V at the end point for 
strychnine, a moderately strong base in nonaqueous 
media, was found to be approximately 4,000 for 
0.02 ml. of titrant. Amidopyrine, a rveaker base in 
nonaqueous media, showed a potential change of 
approximately 3,000 for 0.02 ml. of titrant. The 
value of the factor dE/dV at tlie end point for 
benzocaine, a very weak base, was found to be 
approximately 400 for 0.04 ml. of titrant. 

In this respect, there does not appear to be any 
pattern for potential changes at the end point in 
chlorobenzene. Bases with pKb values in water of 
less than 10 show essentially the same magnitude 
of change at the end point. The ver}’ weak bases, 
on the other hand, differ great!}’ from those with 
pKb values in water of less than 10. For these 
very weak bases, the values of the factor dE/d F at 
the end point range from 2 to 10% of the values 
observed for the stronger bases. Those compounds 
with pKb values in water of more than 10 can be 
determined only by using exacting techniques and 
careful millivolt measurements. Other solv’ents 
would be preferable for the determination of tliese 
compounds. 

Each organic base was titrated in triplicate with 
acetous perchloric acid and the titration curves 
compared. The titration curves for the stronger 
bases were essentially identical. Variations were 
observed in the titration curves of the weaker bases. 
Either a shift of the titration curve upward or a 
decrease in millivolt readings after the end point 
region may be expected. These variations in tlie 
titration curves of an}’ one compound do not inter- 
fere with the detection of the end point. 

Perchlorate precipitates form during the titration 
of organic bases in chlorobenzene. During the 
titration of atropine, the solution turns murk}' 
but no true precipitate forms. Ephedrine does not 
form an insoluble perchlorate salt. These precipi- 
tates do not interfere with the titration of the 
organic compound. There is some evidence that 
the formation of crystalline precipitates during the 
titration aids in the detection of the indicator end 
points of very weak bases (21). 

Bromophenol blue, methyl red, neutral red, 
brilliant green, and diazoamidobenzene were found 
to be suitable for the detection of the end point 
during the titration of bases stronger than ami- 
dopyrine. The color changes of these indicators 
at the cud point are shown in Table I. Indicator 
color changes for bases having pKb values in Water 


Table 1. — I.ndicator Color Changes for Strong 
Bases Titrated is Chlorobenzene with Acetous 
Perchloric Acid 


Indicator 

Bromophenol blue 
Neutral red 
Brilliant green 
Methyl red 
Diazoamidobenzene 


Base Color 

Yellow” 

Orange” 

Green 

Orange 

Yellow-green 


Acid Color 

Colorless 

Purple 

Yellow-green 

Red 

Orange 


"The initial color of this indicator varies with the streneth 
ol the base. 
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of more than 10 were gradual and the end point 
could not be detected. Diazoamidobenzene is 
suitable only for the titration of atropine and 
ephedrine. The formation of perchlorate pre- 
cipitates obscures the color change at the end point 
and overestiraation of the organic base results. Of 
the five indicators investigated, bromophenol blue 
appears to be the most satisfactor 3 ^ indicator for 
alkalimetric titrations in chlorobenzene. 

Bromophenol blue and neutral red exhibited 
unique characteristics in this solvent. The initial 
colors of these indicators in the solution of the 
organic base in chlorobenzene appeared to signal 
the strength of the compound. Addition of bromo- 
phenol blue to solutions of ephedrine or atropine in 
chlorobenzene resulted in the formation of a purple 
color. Solutions of strixhnine in chlorobenzene 
exhibited rose-red colors when the indicator was 
added. Yellow colors resulted when the indicator 
was added to solutions of amidopj-rine, benzocaine, 
or caffeine in chlorobenzene. The intensity of the 
yellow color, however, varied with the strength of 
the base. A bright yellow color was observed when 
amidopj’rine was the organic base under investiga- 
tion and pale j'ellow colors were observed with 
chlorobenzene solutions of caffeine and benzocaine. 
A similar phenomenon was observed with neutral 
red indicator. This indicator, however, did not 
distinguish between atropine, ephedrine, and strych- 
nine. Solutions of these three bases all showed 
the same yellow color. Pink indicator colors were 
observed in chlorobenzene solutions of caffeine and 
benzocaine. Amidopj’rine showed an initial color 
of intermediate hue. 

The accuracy and precision of cither indicator or 
potentiometric titrations in chlorobenzene is as good 
as that observed in the titration of strong bases in 
aqueous media. The per cent recoveries of the 
weighed amounts of the organic bases were satis- 
[actory. Six potentiometric titrations were carried 
out on samples of atropine in chlorobenzene. At 
the 0 1 milliequivalent weight level, the per cent 
recor'erj- of the alkaloid was 100.51% and the 
standard deviation was equal to 1.12%. At the 0.2 
milliequivalent weight level, 99.71% of the alkaloid 
was recovered and the standard deviation was 
calculated to be 0.55%. This would indicate that 
the procedure gives more precise results when 
slightlj- larger quantities of the organic base are 
titrated. 

All the organic bases, with the exception of 
alanine, were also titrated in 20% glacial acetic 
acid in chlorobenzene. From the potentiometric 
titrations performed in this solvent sj'stem, three 
conclusions maj’ be reached : 

(a) The addition of large amounts of glacial 
acetic acid to chlorobenzene are to be avoided. In 
all cases, the magnitude of the potential break at 
the end point was sharph’ decreased from the value 
observed in chlorobenzene alone. The magnitude 
of the potential break at the end point for all 
compounds titrated in this investigation both in 
chlorobenzene and in 20% glacial acetic acid in 
chlorobenzene are shown in Fig. 2. No absolute 
values are reported but onlj' relative values based 
on 0.1 ml. of titrant. .■\s an e.xample, if the value of 
the factor dE/dV at the end point was 4,000 for 
0.02 ml. of titrant, the value reported in this figure 
would be 4,000 X 0.10/0.02 or 20,000. 



Fig. 2. — ^Relative changes at end point for atro- 
pine (AB), strychnine (CD), ephedrine (EF), 
amidopj’rine (GH), benzocaine (IJ), caffeine (KL), 
potassium acid phthalate (MN), cinchonine (OF), 
ephedrine sulfate (QR), and atropine sulfate 
(ST), MOQS; insoluble in chlorobenzene. 

(b) The titrations carried out in 20% glacial 
acetic acid in chlorobenzene confirm literature 
reports that the magnitude of the potential break 
at the end point is increased by the addition of 
large amounts of aprotic solvents to minimal 
amounts of glacial acetic acid (10). 

(c) Alkaloidal salts are insoluble in chlorobenzene. 
Thej' are, however, soluble in 20% glacial acetic 
acid in chlorobenzene and can be determined 
accuratelj’ by titration with acetous perchloric 
acid. The determination of atropine sulfate and 
ephedrine sulfate have been previously reported in 
the literature (22, 23). From personal observations 
and from literature reports (24), it would appciir 
that the reaction of sulfates with perchloric acid 
in a glacial acetic acid medium are not stoichio- 
metric. By the addition of chlorobenzene to a 
glacial acetic acid, stoichiometric results can he 
obtained. Potential breaks for the two alkaloidal 
salts are not too great, but the end point can be 
determined easilj’. 

From this discussion of tlie titration of organic 
bases in chlorobenzene, it is evident that the solvent 
is suitable for use in alkalimetric titrations with 
acetous perchloric acid. Either potentiometric or 
indicator methods can be used to detect the end 
point. Very weak bases can be titrated in tins 
solvent but only with a limited degree of accuracy. 
Determination of such bases, therefore, would he 
better carried out in other organic solvents. 
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Chronic Oral Toxicity of Aerated Silica Gel* 

By CHANDRAKANT H. DESAI, ALLAN BURKMAN, and RUPERT SALISBURY 


It would appear that aerated silica gel of the 
type used is not entirely inert in rats since 
there appears to be a significant change in 
the body associated with its continued ad- 
ministration. A comprehensive investiga- 
tion of chronic oral toxicity of aerated silica 
gel seems necessary before its oral use can 
be approved. 

Tn the course of a series of investigations 
■^testing the use of a relatively inert, insoluble 
material in the prevention of caking in phar- 
maceutical suspensions, aerated silica geP showed 
some promise and chronic oral toxicity tests were 
undertaken to determine the feasibility of oral 
administration of large amounts of aerated silica 
gel. 

Dried silica gel is a tasteless, odorless, relatively 
inert powder which has an enormous surface area 
(the material used was of a particularly fine 
particle size, from 3 to 5 microns in diameter) 
and is claimed to be capable of adsorbing toxins; 
it was used for this purpose locally in severe burn 
cases and internallj' in the treatment of certain 
types of gastroenteritis (1). 

Intranvcnously administered injections of 
colloidal silica caused rapid death in mice accord- 
ing to Dale and King (2). Injection of n mg. 
of finely powdered silica gel was injected into 
each renal artcrj- of rats with a resulting hyiicr- 
tension of many months’ duration because of 
diffuse intrarenal fibrous tissue action (3). 

In studying the toxicity of silica in various 
textbooks of toxicologj' (4, 5) it becomes apparent 
that the greatest interest has been in industrial 
silicosis due to the mechanical irritation produced 


* Received February 2, 1958, from the College of Phar- 
macy. The Ohio Stale University, Columbus. 

Abstract of a portion of a dissertation presented to the 
Graduate Schofd of I'he Ohio Slate University by Chandra- 
kant H. Desai in partial fnlhUment of the rctiuircmenls for Ihc 
ilegrec of Master of Science. 

* Kindly supplied by the ^lonsanlo Chemical Co. under the 
Iraile name. Santoccl C. 


by inhalation rather than by ingestion of the 
material. Since aerated silica gel has properties 
which have possibilities for internal application 
and since no work has been done on its oral 
chronic toxicity, this study was undertaken to 
evaluate the chronic oral toxicity of aerated silica 

gel- 

EXPERIMENTAL 

Male and female, Sprague-Dawley, young adult 
rats were utilized in the study. Throughout the 
experiment they were fed Purina Laboratory' Chow 
and water ad libitum. Test group I consisting of 12 
rats received a daily oral dose of aerated silica gel 
equivalent to 5.71 mg./Kg. for a period of eight 
weeks. Test group II (12 rats) received a daily oral 
dose of aerated silica gel equivalent to 17.14 mg./Kg. 
A control group of 12 rats received a dose of methyl- 
cellulose equivalent to 5.71 mg./Kg. 

The 36 rats used were approximately of the same 
age and weiglit. Oral administration was by stom- 
acli tube and syringe. All the rats were weighed 
initially and then weekly'. Doses were calculated 
on a weekly' basis and administered daily'. 

RESULTS AND DISCUSSION 

Tlie eight weeks of daily oral administration of 
aerated silica gel in different concentrations and the 
use of inclhylccllulose as a control did not produce a 
single untoward reaction in the experimental ani- 
mals. All remained normal with no signs of ab- 
normality'. During the eight week experiment it 
was observed that the rate of gain in weight in the ex- 
perimental groups was not as great as that in the con- 
trol groups (Fig. 1). Due to the rather small groups 
of animals used and in view of the more significant 
pathological findings no significance is attached to 
the change in rate of gain in weight at this time. 

Post-mortem examination revealed abnormal 
larger nodules on the intestine of the test rats and not 
on the control group. Tliere were more nodules in 
the test rats wliiclv received the larger amounts of 
aerated silica gcl. All other factors were quite 
nonnal. 
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Fig 1. — Grow til curves 



Gross Description of Intestinal Nodules.— Pal- 
pable masses of firm tissue were on the external 
surface opposing the area of mesentery attachment 
of the gut wall (Fig. 2). Numerous dense opaque 
disk-shaped masses devoid of villi characterized the 
nodule when observed within the intestinal lumen 
(Fig, 3). They were externally similar to tlie 
tubercle-like lesions of tuberculosis or ncoplastie 
disease; lesions larger than those of tuberculosis hut 
less diffuse were limited only to the gut wall 



Microscopic Description. — The major portion of 
the nodule consists of masses of lymphoid connec- 
tive tissue. 

Etiology of Nodules. — The position of the nodules 
and their etiologic characteristics suggest that they 
are very much enlarged Payer’s patches The en- 
largement in turn is a typical response to foreign 
body invasion, possibly' caused by very small in- 
soluble silica gel particles imbedded in tissue with 
the formation of nodules through foreign body reac- 
tion. 
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The Effect of Some Antihistamines upon the 
Respiration of Rat Heart Homogenates* 

By DORIS E. McKERSIE and HAROLD C. HEIM 

Conventional manometric techniques were used to investigate the effects of some 
antihistamines upon the respiration of rat heart homogenates. The study was under- 
taken because it has been reported that these drugs exert effects on cardiac arrhyth- 
mias but little is known relative to the mechanisms by which these effects are pro- 
duced. The antihistamines which were studied were promethazine HCl, phen- 
indamine tartrate, methapyrilene HCl, antazoline HCl, diphenhydramine HCl, tripel- 
lenamine HCl, prophenpyridamine maleate, and pyrilaraine maleate. Each of these 
drugs, in 0.007 M concentration, inhibited endogenous respiration as well as respi- 
ration in the presence of glucose or pyruvate. Both promethazine HCl and phen- 
indamine tartrate markedly inhibited respiration in the presence of succinate. None 
of the other antihistamines included in the study produced any significant effect upon 
respiration in the presence of succinate. The effects elicited by the antihistamines 
could not be significantly altered by the addition of histamine to the Warburg vessels. 


S EVEitAL INVESTIGATORS have reported that 
certain antihistamine drugs e.xert cardio- 
depressant activity. It has been reported (1) 
that diphenhydramine e.xerts an effect similar 
to that of quinidine in converting an auricular 
fibrillation to a normal sinus rhythm in dogs 
previously sensitized to epinephrine by the ad- 
ministration of chloroform. It has been showm 
(2) that some antihistamines, at rather high 
dosage levels, were effective in preventing ven- 
tricular arrhythmias induced in rats by the 
administration of calcium chloride and that in 
even higher dosages they were effective in over- 
coming the arrhythmias induced by the previous 
administration of aconitine. Reports of other 
studies have appeared in which it has been 
shoivn that diphenhydramine is more effective 
than quinidine in abolishing the fibrillation pro- 
duced in the dog heart by the administration of 
aeetylcholine (3). 

It appears that little attention has been de- 
voted to the effects of the antihistamines on 
respiratory processes of the heart. In view of the 
fact that several reports indicate that the anti- 
histamines exhibit some cardiodepressant ac- 
tivity it seemed of interest to study the effects 
elicited upon the respiration of heart homogenates 
by certain drugs in this group. 

EXPERIMENTAL 

The hearts from healthy, adult Sprague-Dawicy 
rats of either sc.v and weigliing between 200 and 250 
Gm. were used in all experiments. The animals 
were killed by a blow to the head after which the 
hearts were immediately removed and placed in a 
beaker of ice-cold isotonic sucrose (0.25 solution. 
Each heart was allowed to beat for a few seconds in 
the isotonic sucrose .solution in order to remove as 
much blood as possible. The hearts were then cut 


* Ucccivci] DrceinliiT 1.’, UK", 7. fr,,ni the University of 
Cohtr.ido, Colleee of l’h.irmjey. tlmililer. 


open and blotted dry on filter paper after which they 
were weighed and placed in a glass homogenizer 
containing cold isotonic sucrose solution. The 
homogenates were prepared so that each ml. of 
homogenate contained 160 mg. fresh heart tissue. 
No longer than twenty minutes elapsed from the 
time the animals were killed to the start of the 
experiment. Oxygen consumption was determined 
by the direct method of Warburg. When endoge- 
nous respiration was being studied 1.9 ml. of buffer, 
0.4 ml. of the antihistamine solution or 0.4 ml. of 
distilled water, and 0.5 ml. of the freshly prepared 
homogenate were added to the main compartment 
of Warburg vessels of approximately 15-ml. capac- 
ity. The center well contained 0.2 ml. of 10% 
potassium hydroxide and a pleated strip of filter 
paper. When respiration in the presence of sub- 
strates was being studied 1.0 ml. of buffer and 0.3 
ml. of the particular substrate were added to the 
main compartment in place of 1.9 ml. of buffer. In 
all experiments the total volume of the flask con- 
tents was 3.0 ml. The buffer used in all experiments 
was 0.1 phosphate. pH 7.3. 

The antihistamines under investigation were 
pyrilamine maleate (Neoantergan), prophenpyrid- 
amine maleate (Trimeton), tripellenarainc HCl 
(Pyribcnzaminc), diphenhydramine HCl (Bena- 
dryl), promethazine HCl (Phenergan), phenind- 
aminc tartrate (Thephorin), methapyrilene HCl 
(Thcnylcnc), and antazoline HCl (.‘Intistine). The 
substrates studied were pyruvate, succinate, and 
glucose. The final concentration of each substrate 
was 0.01 and the final concentration of each 
antihistamine was 0.007 .1/. Eight hearts were used 
for each experiment and duplicate flasks were run in 
every instance. 

After a ten minute equilibration period the 
manometers were closed and readings were taken 
after an hour had elapsed. The temperature of the 
bath was 37° and the gas phase was air. All pH 
determinations were made with a glass electrode 
instrument. 


Standard errors were calculated frcmi the equation 

/ 

= \ and if the condition .Vi — > 

J «(« — 1 ) 


2\/ eri e;- was found to be true, the results were 
considered to be significant. 
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Table I. 


Substrate 

Anlthislatninc 

mm.’ O2 Uptake 
in GO Min./lOO mg. 
Fresh Tissue 

Inlithitlon (— ) or 
Stimulation (-f-), *,[ 

None 

None 

23 ±0.85'- 


None 

Diphenhydramine HCl 

13 ±0.80 

-44 

Glucose 

None 

15 ±0.75 


Glucose 

Diphenhj^dramine HCl 

10 ±0.87 

-33 

PjTUvate 

None 

31 ±0.94 


Pyruvate 

Diphenhydramine HCl 

14 ±0.55 

-55 

Succinate 

None 

401 ± 5.89 


Succinate 

Diphenhydramine HCl 

387 ±4.72 

±4 

None 

None 

21 ±0.91 


None 

Tripellenamine HCl 

13 ± 0.74 

-42 

Glucose 

None 

18 ±0.84 


Glucose 

Tripellenamine HCl 

11 ±0.64 

-39 

Pyruvate 

None 

33 ± 1.18 


Pyruvate 

Tripellenamine HCl 

11 ± 0.72 

-67 

Succinate 

None 

432 ±3.88 


Succinate 

Tripellenamine HCl 

438 ±4.04 

±I 

None 

None 

18 ± 1.13 


None 

Prophenpyridamine Maleatc 

10 ±0.80 

-45 

Glucose 

None 

18 ± 1.13 


Glucose 

Prophenpj’ridamine Maleatc 

13 ±1.09 

-38 

Pyruvate 

None 

33 ± 1.24 


Pyruvate 

Prophenpyridamine Malcate 

15 ±1.22 

-55 

Succinate 

None 

441 ±5.49 


Succinate 

Prophenpyridamine Maleate 

436 ±5.28 

-1 

None 

None 

21 ±0.89 


None 

Pj’rilamine Maleate 

11 ±0.66 

-48 

Glucose 

None 

23 ±0.99 


Glucose 

Pj'rilaraine Maleate 

11 ±0.69 

-52 

Pyruvate 

None 

33 ± 1.15 


P 3 -ruvate 

Pyrilamine Maleate 

11 ±0.66 

-67 

Succinate 

None 

414 ±4.85 


Succinate 

Pyrilamine Maleate 

444 ±8.06 

+7 

None 

None 

21 ±1.07 


None 

Promethazine HCl 

11 ±1.19 

-48 

Glucose 

None 

21 ±0.74 


Glucose 

Promethazine HCl 

13 ±0.98 

-42 

Pj'ruvate 

None 

34 ± 1.25 


Pvruvate 

Promethazine HCl 

13 ± 1.09 

-62 

Succinate 

None 

431 ±3.73 


Succinate 

Promethazine HCl 

11 ± 1.09 

-97 

None 

None 

21 ±1.14 


None 

Phenindamine Tartrate 

11 ±0.95 

-48 

Glucose 

None 

25 ± 1 .24 


Glucose 

Plienindaniine Tartrate 

15 ± 1.03 

-40 

Pvruvate 

None 

35 ± 0 92 


Pvruvate 

Phenindainine Tai lralc 

20 ± 1 .42 

-43 

Succinate 

None 

414 ±3.74 


Succinate 

Phcuiiidamine Tartrate 

24 ± 2.08 

-94 

None 

None 

24 ± 1.32 


None 

Mcthapj'rileiic HCl 

13 ±0.77 

-46 

Glucose 

None 

19 ±0.89 


Glucose 

Methai)yrilenc HCl 

13 ±0.61 

-32 

Pyruvate 

None 

36 ±1.08 


P\TUvate 

Methapvriicne HCl 

14 ± 1.19 

-61 

Succinate 

None 

414 ± 5.40 


Succinate 

Methapyrilene HCl 

433 ±6.25 

±5 

None 

None 

23 ±1.48 


None 

Antazoline HCl 

14 ±0.62 

-.39 

Glucose 

None 

25 ±1.27 


Glucose 

Antazoline HCl 

15 ± 1 ..37 

-40 

Pvruvate 

None 

38 ±2.10 


Pvruvate 

Antazoline HCl 

16 ± 1 15 

-r,H 

Succinate 

None 

409 ±5.94 


Succinate 

Antazoline HCl 

431 ± 7.11 

±5 


° Standard error. 
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RESULTS AND DISCUSSION 

'I'he effects elicited by the antihistamines upon the 
endogenous respiration and upon respiration in the 
presence of glucose, pyruvate, and succinate are 
shown in the Table. The endogenous respiration 
and respiration in the presence of glucose or pyru- 
vate was significantly inhibited by all the anti- 
histamines included in this study. In general, tlic 
greatest inhibition was produced with pyruvate as 
the substrate. With succinate as the substrate six 
of Uie antihistamines produced only an insignificant 
change in respiration which, in some instances, was a 
slight inhibition and in others a slight stimulation. 
With two of the antihistamines, however, (phen- 
indamine tartrate and promethazine HCl) respira- 
tion in the presence of succinate was verj^ markedly 
inhibited. Both phenindamine and promethazine 
differ structurally to a considerable degree from the 
other antihistamines in that promethazine contains a 
phenothiazine nucleus while phenindamine may be 
thought of as a piienylindene derivative with a 
dimethyiamino-ethy! side chain which has been 
cyclized to form a tetrahydropjTidine ring. 

Because the antihistamines are thouglit to elicit 
their principal therapeutic effects by blocking 
histamine from cellular receptor sites, it was decided 
to study the effect produced on respiration of the 
homogenates in the presence of both histamine and 
the antihistamines. It was found tliat tlie effects 
produced by the antihistamines were not reversed by 
liistamine. Histamine, at a final concentration of 
0.(105 jU, produced a slight augmentation of oxygen 
uptake in the presence of all three substrates and 
also seemed to produce a somewhat more significant 
stimulation of the endogenous respiration. When 
liistamine and the antihistamines were botli added 
to the liomogenates, however, the respiration was in- 
hibited to essentially the same degree as when the 
histamine was omitted. Respiration in the presence 
of succinate was not inhibited by a combination of 
histamine and antihistamine except in those flasks 
to which phenindamine or promethazine were 
added. In this latter instance the inhibition of suc- 
cinate oxidation was the same whether or not 
liistamine was added to the flasks. These results 
would indicate tliat the effects of the antihistamines 
on the respiration of rat heart is mediated through 
meclianisms other than those involving histamine. 

In a previous study (4) it was shown that emetine, 
a cardiotoxic agent, inhibited respiration of heart 
homogenates both in the presence and in the absence 
of glucose or pyruvate, and that emetine stimulated 
respiration in the presence of succinate. The effect 
of the antihistamines upon respiration of heart, in 
vitro, seems to be similar to some extent to the 
effects produced by emetine, yet the administration 
of the antihistamines does not evoke the cardiotoxic 
effects which often follow the prolonged administra- 
tion of emetine (5). Emetine, however, is a cumula- 


tive drug while the antihistamines are ratlicr rapidly 
metabolized or excreted (0). 

It would seem conceivable that the relatively mild 
cardiodepressant effects elicited by some of the anti- 
histamines might be mediated through an inhibition 
of the oxidation of metabolites other than succinate, 
thereby increasing the negative inotropic effect of 
succinate upon the inyucardium. It has been re- 
ported (7) that succinate elicits a strong negative 
inotropic effect upon guinea pig heart slices, and tliat 
after poisoning with chlorobutanol or pentobarbital 
the heart slices were even more susceptible to this 
effect. Other investigators (8) have reported that, 
under conditions of reduced oxygen tension, suc- 
cinate markedly increases the rate of o.\-ygen con- 
sumption of dog myocardium and that succinate 
competes with other metabolites for oxygen, re- 
sulting in a lower rate of oxidation of tlie otlier 
normally occurring metabolites. The energy pro- 
duced by the oxidation of succinate is tliought to be 
incapable of increasing the rates of other metabolic 
processes which were depressed under conditions of 
low oxygen tension. 


SUMMARY 

1. The effects produced by eight different 
antihistamines upon the respiration of rat heart 
homogenates has been studied. 

2. All the antihistamines studied produced 
inhibition of endogenous respiration and of 
respiration in the presence of glucose or pyruvate. 
In general, inhibition was greatest with pyruvate 
as the substrate. 

3. Six of the antihistamines produced little 
if any, effect on respiration in the presence of 
succinate. Two of the anthistamines (pro- 
methazine HCI and phenindamine tartrate) pro- 
duced a very marked inhibition of respiration in 
the presence of succinate. 

4. The effects on respiration were not signifi- 
cantly altered by the addition of histamine. 
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Enzymatic Decomposition of Digitalis Glycosides IT 


By OLE GISVOLD 


^"T^he results of previous investigations (1) 
in our laboratories have shown that when the 
fresh leaves of Digitalis lavata, Digitalis Intea, 
and Digitalis ferruginca were disintegrated quickl}’^ 
in the presence of water or dilute methanol or 
ethanol, heated for a brief period and then fil- 
tered, we were able to isolate or detect the desglu- 
coglycosides such as acetvldigoxin, acetyldigi- 
toxin, digitoxin, digoxin, and gitoxin. Apparently 
this technique leads to the ready enz3’inatic 113’- 
drolvsis of the terminal glucose residue found in 
the native gU-cosides. These studies have been 
extended in a qualitative wa3’ to the following 
digitalis species, i. e., Digitalis purpurea, Digitalis 
mertoncusis. Digitalis amaudiana, and Digitalis 
sibcrica. In all the digitalis species investigated 
the desglucogh'cosides were obtained. In some 
cases this technique led to the read3' isolation of 
the gh'cosides in a cr3-stalline state. It should be 
recorded that in a model experiment, adjust- 
ment of the water or aqueous methanol or etha- 
nol to a pH of 7 with a phosphate buffer did not 
alter the rapid enzymatic removal of the terminal 
glucose residue of certain digitalis glycosides. 

Stoll’s (2) enzvnie inhibiting technique when 
applied to the detection of the native digitalis 
gh’cosides is time consuming and the final prep- 
aration is contaminated with man3’ pigments. A 
greatl3’ simplified technique has been developed 
whidi in my hands led to the ready detection of 
the native glycosides. It differed only from the 
brief enz3’matic studies in that the fresh leaves 
were first boiled for five minutes in either water, 
dilute aqueous methanol or ethanol, phosphate 
buffered (pH 7) water or phosphate buffered (pH 
7) dilute aqueous methanol or ethanol. Boiling 
for short periods of time apparently inactivates 
the carbohydrase or carbohydrases that enz3’mati- 
calh- cleave the terminal glucose residue pres- 
ent in the native glycosides. In all the digitalis 
species investigated, Stoll’s native gl3’cosides 
could be detected. Buffered solutions were used 
in order to minimize the possibility of the h3’drolv- 
sis of the gh’cosides. This, because the aqueous 
extracts of the fresh leaves of the digitalis spedes 
are below a pH of seven and the digitalis glvco- 
sides that have a 2-desox3’ sugar directlv attached 
to the C 3 -OH group of the aglvcon are sensitive 
to add h3’droh’sis even in the cold. 

* Received Xovember 15. 1957. From the College of 
Pharmacy, University of Minnesota. Minneapolis 14 


The results of my investigations serve to em- 
phasize further that the recording of the nature 
of the glycosides found in a given digitalis species 
should always be accompanied by an exact liis- 
toryf of the plant material that was used. It 
becomes very clear that for isolation purposes of 
the cardiac glycosides found in the digitalis species 
the method of handling, i. e., collection, storage, 
etc., and techniques of extraction determine to a 
great degree the products that will be obtained. 
These factors also are extremel3" important when 
the whole leaf or extracts thereof are used for 
oral purposes. This because the amount of 
absorption that is obtained b3^ the oral route is to 
a great degree dependent upon the composition 
of the glycosides that are present, i.e., lanato- 
side C versus digoxin or acet3ddigoxin or purpurea 
gtycoside-A versus digitoxin or more strikingly 
gitaloxin newrri gitoxin, etc. 

A new solvent system (System II) has been 
developed that readily' separates some of the 
native glyxosides. It can be used by' the ascend- 
ing or descending techniques. Separations can 
be made in two to twenty-four hours depending 
on the composition of the gly'cosides and tlie 
degree of separation desired. This system also 
can be used to good advantage with the desglu- 
cosides. Sy'stems I and II give good separation 
of the genins which previously' (3) has been ac- 
complished by' another sy'stem on formamidc 
impregnated paper. Sy'stems requiring ecpiih- 
bration that will separate the genins also ha'C 
been reported (4). 

EXPERIMENTAL 

Paper Chromatography. — Whatman No. 1 paper 
in sizes approximately 14 cm. x 26 cm. were luet in 
the ascending technique and tliose used m t w 
descending technique were 14 cm. x 38 cm. 

Solvent System I. — This system is the same a 
that previously described (5). It consists of met i> 
isobutyl ketone-isopropyl ether, 100:25 (by ' 

saturated with formamide. The stationary 
formamide, was applied to the paper via a . /c 
solution in acetone. No equilibration is I 

Solvent System H. — This system was 
from methyl isobutyl ketone, isopropyl fj,. 

hy-drofuran, and formamide in the ratio of • 
15:15. The stationary’ phase is the same .is ■ 
used in solvent system II. No equilibraUm 

necessary. ,mal'>- 

The reagents that were used in the paperc 
graphic studies were purified as previously < e c 
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(1). Isopropj’l ether reagent grade was passed 
through a column of aluminum oxide to remove the 
peroxides. Tetrahydrofuran also was passed through 
the same kind of column and then distilled and the 
fraction boiling at 65° was collected and used. The 
positions of the glycosides on the paper were detected 
by the use of the Raymond reagent (6) or by Jen- 
sen's trichloroacetic acid reagent (7). Each of these 
reagents has its advantages and disadvantages. 
The former is much less sensitive than the latter. 
The latter will show bright blue fluoresence with 
compounds such as gitoxin and other substances in 
concentrations that are not readily detected by the 
RajTnond reagent. Furthermore a blue fluorescing 
substance may have the same R/ value as some other 
glycoside and thus completely mask a yellow or some 
other color that might be present. I have shown the 
presence of some substances in some of the species 
of digitalis that give a red color in the sulfuric acid 
layer in the Keller-Kiliani color reaction that do not 
have digito,xose and do not give a Raymond reaction 
on paper but do give a strong blue fluoresence with 
the trichloroacetic acid reagent. These substances 
apparently are not saponins. 

Extracts from Brief Enz}miatic Treatment. — 
Approximately 600 to SOO-Gm. lots of the fresh 
leaves of each of the following digitalis species; 
purpurea, siberica, ferruginea, merlonensis, and 
amandiana were collected in the fall of 1956. These 
were treated as previously described using approxi- 
mately 15% aqueous methanol as the solvent to 
obtain the primary e.vtracts. Each of these extracts 
was extracted with three successive portions of a 
mixture of ether and methylene chloride (in a ratio 
of 3 to 1) and labeled extract A. This was followed 
by three successive extractions with ethyl acetate 
which when combined was labeled extract B. The 
above extracts were examined by paper chromatog- 
raphy. 

The results of the studies recorded in this paper 
are directed toward the identification of those digi- 
talis glycosides that occur in major amounts. Fig- 
ure 1 is a tjTical chromatogram that was obtained 
from extracts A with solvent system I and the Ray- 
mond reagent. Figure 2 is a tjqiical chromatogram 
that was obtained from extracts A with solvent sys- 
tem I and the trichloroacetic acid reagent. These 
two figures in part, substantiate the preceding dis- 
cussion. This can be further illustrated by Fig. 3 
in which special care was taken to place the same 
amounts at the starting line. The chromatogram 
before spraying with the reagents was cut longitudi- 
nally along the dotted lines indicated in Fig. 3. 

Extracts B when e.\'amined paper chromatograph- 
ically using solvent systems I and II showed the ab- 
sence of the desglucoglycosidcs. Some of these 
extracts showed the presence of glycosides that 
moved on paper in the proximity of lanatosidc C. 
No further extensive studies were carried out on 
these extracts at this time. 

Isolation of the Crystalline Glycosides. — ^Tlie 
following general procedure was used. The solid 
material tliat was obtained from extract A was 
dissolved in about 20 cc. of methylene dichloride 
•and then diluted with 60 cc. of ether. This mixture 
was extracted quickly with two to four successive 
small portions of 1% aqueous sodium hydroxide. 
The organic layer w.as then washed once with 1% 



Fig. 1. — Solvent system I; S.F. = solvent front; 
S.L. = starting line; 1 = acetyidigitoxin ; 2 = 
di^to.xin; 3 = acetyldigoxin ; 4 = digoxin; A = 
Digitalis ferruginea: B = Digitalis amandiana: C = 
Digitalis siberica: D = Digitalis merlonensis: E = 
Digitalis purpurea. Raymond reagent used to lo- 
cate the glycosides. 



aqueous acetic acid and lastly once with water. At 
this point, in some cases, glycosidic material sepa- 
rated rather quickly and was subsequently identified 
as gitoxin, acetylgitoxin, or unknown glycosidic 
material depending on the species of plant under 
examination. The solvent was removed and the 
residue digested several times with petroleum ether. 
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Fig. 4 . — -Solvent system I; S.F. = solvent front; 
S-L. = starting line; 1 = Acetyldigitoxin; 2 = 
digitoxigenin ; 3 = digitoxin. A = Crystalline 
glycoside from Digitalis siberica; B = A hydro- 
lyzed; C = A deacetylated. Raymond reagent 
used to locate the glycosides and aglycons. 


Fig. 3. — Solvent system 1 ; S.F = solvent front; 
S.L. = starting line. 1 = Digitoxin; 2 = acetyl- 
digoxin; 3 = gitoxin (as an impurity in digitoxin). 
A = First crop of crj-stals that were obtained from 
Digitalis mertonensis. I = Portion sprayed with 
the RajTnond reagents; II = Portion sprayed with 
trichloroacetic acid reagent. 


The residue was then dissoh’cd in a small quantity' 
of inetlndene dichloride and carefully' diluted u-ith 
pure isopropy'l ether. In some cases the mixture 
was seeded with digitoxin or acetyldigitoxin that 
had been previously crystallized from the same sol- 
vent mixture. The flask was loosely stoppered and 
allowed to stand at room temperature or in the re- 
frigerator until crystallization had taken place. 
The crystalline glycosides were collected and ex- 
amined per sc, after deacetylation and after hy'droly'- 
sis by paper chromatography' using solvent sy'stems 
I and II. The hydroly’sis of the glycosides yvas 
accomplished in the usual way. Deacety'lation 
was effected by sodium hy'droxide in the usual way' 
and by the use of IRA-401 ion exchange resin. IRA- 
401 resin prepared in tlie usual yy'ay' gave slow de- 
acetylation in 85% aqueous methanol or ethanol. 
Complete and rapid (fifteen minutes) deacetylation 
was accomplished when the base form of the IRA- 
401 resin was used in a finely powdered form. 

The results of the above studies showed that the 
crystalline glycosides were digitoxin and gitoxin 
from Digitalis mertonensis and Digitalis purpurea, 
and acetyldigitoxin from Digitalis siberica. Digitalis 
ferruginea, and Digitalis amandiana. 

Figure 4 represents a typical chromatogram ob- 
tained in the characterization of these cry'stalline 
glycoside.s. 

Figure 5 illustrate.s (he use of system II for the 



Fig. 5. — Solvent system II ; S.F. = 

.L. = starting line. 1 = gitoxin; 2 = Sdo.xig 
om hydrolyzed gitoxin; 3 = impurity' in S' ; 
jitoxigenin) ; 4, 5. and 6 = brown spots res 
ora the hy'drolysis of gitoxin and gitoxin from 
dis mertonensis; 7 = anhy'drogitoxigenin. ' . ^ 
itoxin from Digitalis mertonensis; B - A 
'zed. Trichloroacetic acid reagent used to 
;ie glycosides and aglycons. 
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characterization of the gitoxin that was obtained 
from DiRilalh mcrlnitciisis. A blue spot was ob- 
tained for gitoxin, the gitoxin from Digilalis mer- 
tonensis and the first crop of crystalline material 
(See Fig. 3) from Digitalis inertonensis that has the 
same position on the paper as gitoxigenin. In some 
cases a bright blue spot followed the solvent front 
after the hydrolj-sis of the gitoxins. This possibly 
could be an anhydrogitoxigenin. 

Figure 6 shows how excellent separation can be 
obtained between digitoxin and digito.xigenin at a 
temperature of 24° or slightly lower. 

Digitoxin from Digitalis Mertonensis. — When 
extract A from COO Gm, of fresh leaves of Digitalis 
mertonensis was concentrated to a small volume and 
allowed to evaporate slowly to diyness some of the 
glycosides crj’stallized. The mass thus obtained was 
carefully digested with methylisobutyl ketone or a 
mixture of methylene dichloride and ether (1:3). 
A clean separation of white crystalline glycosides 
was obtained that weighed 300 mg. The above re- 
sults were reproducible. Digestion with methylene 
dichloride left a residue that was chiefly gitoxin. 
One recrj’stallization of the methylene dichloride 
soluble fraction from a mixture of methylene di- 
chloride and ether gave 165 mg. of digitoxin that 
melted on the Koefler Block at 221-223° . A second 
crop of 61 mg. of digitoxin was obtained. 

The isolation of digitoxin from Digitalis mertonen- 
sis by the methods described in this paper appear to 
be both direct and simple. When this method was 
applied to Digitalis purpurea no direct separation of 
digitoxin was obtained from the initial e.xtract A. 
Digitoxin was obtained in a crystalline state only 
when extract A was processed under the general 
procedure. 



Fig. 6. — Solvent system I; S.F. = solvent front; 
S.L. = starting line. A = Digitoxin; B = crystal- 
line glycoside from Digitalis mertonensis; C = A 
hydrolyzed; D = B hydrolyzed. Rajmiond rea- 
gent u.sed to locate the glycosides and aglycons. 


Enzyme Inhibiting Studies. — ^The following gen- 
eral procedure was adopted to examine the nature of 
the native digitalis glycosides found in the following 
digitalis species, i. e., lanata, purpurea, ferruginea, 
mertonensis, amandiana, and siberica. A small 
handful of leaves was placed in about 125 cc. of boil- 
ing distilled water and boiled for five minutes. In 
some cases the distilled water was buffered at pH 7 
with phosphate. 

A phosphate buffer was used to prevent any 
possible hydrolysis of the digitalis glycosides. Al- 
though no great differences between the use of dis- 
tilled water and a phosphate buffer were observed, 
nevertheless, it appeared that better results were 
obtained when a phosphate buffer was used. 

The mixture then was blended for five minutes 
and filtered . The filtrate was extracted as described 
under the general procedure and extracts Ai and Ai 
were obtained. These extracts were concentrated 
to dryness under a vacuum and then dissolved in 
about a 2-cc. mixture of equal parts of methylene 
dichloride and methanol. These e.xtracts were 
examined paper chromatographically with the follow- 
ing results. 

Figures 7 and 8 clearly demonstrate the absence 
of the desglucoglyeosides. Extracts Ai contain 
chiefly the A series of Stoll’s native gU'cosides where- 
as e.xtracts Aj contain the C series and/or other gly- 
cosidic substances. No attempt has been made at 
this time to resolve the minor glycosides found in the 
digitalis species investigated. Paper chromato- 
grams clearly show that minor glycosides are pres- 
ent some of which may not be affected by the short 
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Fig. 7. — Solvent system n ; S.F. = solvent front’ 
S.L. = starting line. 1 = -Acetyldigitoxin; 2 = 
digitoxin; 3 = acctyldigoxin ; 4 = gitoxin; 5 = 
digoxin; 6 = lanatoside .4 ; 7 = lanatosideC. A = 
extract B, from Digitalis purpurea; B = extracts, 
from Digitalis purpurea; C = extract A, from Digi- 
tails lanata; D = extract Ax from Digitalis lanata. 
Trichloroacetic acid reagent used to locate the glyco- 
sides. 
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Fig. 8 — Solvent system II 0 = Lanatoside A; 
7 = lanatoside C A = extract Ai from Digilalts 
sibenca, B = extract Bi from Digitalis siberica 
Trichloroacetic acid reagent used to locate the glyco- 
sides 


period of e^z^-matic activity that hydrolyzes the 
glucose unit from the major glycosides This is 
probably the case with digitahnum veriim found in 
Digitalis lanata and a glycoside found in Digitalis 
purpurea that moves on paper uith solvent sjstem 
II the same us digitahnum verum 

Figure 7 shows the presence of purpurea glycoside 
A (No 8) in both extracts Ai and Bi, the remaining 
spots possibly could be purpurea glycoside B and 
other glycosides Lanatosides A and C are definitely 
shown to be present in extracts Ai and Bi as 9 and 
10 respectively Other glycosides also are present 
Figure 8 shows the presence of lanatoside A in 
extract Ai Extract Bi also contains some lanato- 
side A and what appears to be lanatoside C even 
though no acetyldigox-in was encountered in the 
extracts made from Digitalis sibenca after a short 
fermentation period An intense deep blue spot 
remained at the starting line in extract Bi 

In Fig 9, extract Ai from Digitalis mertonensis 
shows the pronounced spots comparable to lanato- 
side A and B This was quite unexpected because 
no acetyldigitoxin or acetylgitoxin could be de- 
tected in extracts that were made from this plant 
following a short fermentation period Lanatoside 
C appeared to be absent whereas the presence of 
lanatoside B is indicated -A descending paper chro- 


matogram was run for sixteen hours to verify the 
absence of lanatoside C and to confirm the presence 
of lanatoside B . E.xtract Bi from Digitalis mcrtoiicii- 
SIS gave a chromatographic picture the same as 
extract Ai, however the spot for lanatoside A was 
weaker and the spot for lanatoside B was much 
brighter 

The chromatographic results of extract Ai from 
Digitalis amandiatia was strikingly different from 
those obtained from the other species in that a very 
pronounced spot was obtained that indicated the 
presence of gitoxin in addition to one for lanatoside 
A. The presence of lanatoside A also was shown 
in extract B together with what appeared to he 
lanatoside B 



Fig. 9 — Solvent system II; S F. = solvent front, 
SL = starting line 1 = Digitoxin; 2 = gitoxin; 
3 = lanatoside A; 4 = lanatoside B A = extract 
Ai from Digitalis mertonensis; B = extract Bi from 
Digitalis mertonensis; C = extract Ai from Digitalis 
amandiana; D = extract Bi from Digitalis ainandi- 
ana Trichloroacetic acid reagent used to locate the 
glycosides 


Figure 10 is recorded to show the separation of 
lanatosides A, B, and C by the use of solvent system 
II by the descending technique after seven and one- 
half hours Shorter times do not separate lanato- 
sides B and C, however longer periods than seven 
and one-half hours effect greater separations Digi- 
tahniim veriim moves at a slower rate than lanato 
toside B and gives a bright blue-white fluoresence 
with the trichloroacetic acid reagent. Strospeside 
moves at the same rate as lanatoside A and gives a 
bright white fluoresence This chromatogram also 
shows the composition of some of the native glyeo 
sides of Digitalis lanata (enzyme inhibited extrac 

tion). r-- r 

Chromatographic Analysis of Gitalin. Gitaim 
when examined paper chromatographically 
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Fig 10 — Solvent system II, descending tech- 
nique, S L = starting line 1 = Lanatoside A, 2 = 
lanatoside B. 3 = lanatoside C, 4 = strospeside, 
5 = digitahnum verum, A = extract prepared from 
enzyme inhibited Digttalts lanata Trichloroacetic 
acid used to locate the glycosides 



Fig 11 — SoUcnt sjstem II, SL = starting 
line, Sr = soK cut front 1 = Gitoxiii. 2 = digi 
to\iii,A = gitalin Trichloroacetic acid reagent used 
to locate the gt\ cosidcs 


Fig 11) using solvent st stem II shou ed the presence 
of five distinct spots one of uhich corresponded to 
gitoNin and another to digitovm The remaining 
spots gave a blue fluoresence under ultraviolet light 
Studies with Dried Digitalis Purpurea. — Some 
fresh leaves of Dtgitahs purpurea uere dried in an 
incubator at 60° overnight The dried leaves uere 
pulverized and extracts made as previousl}' de- 
scribed These extracts u hen examined by solvent 
Si stem II definitely indicated that considerable di- 
gitOMU and gitoxin had been generated by enziTnatic 
activity during the dri ing of the leaves, hou e\ er, it 
u as by no means complete 

The results of these prelimniarv studies are re- 
corded 111 Fig 12 



Fig 12 — Solvent s\ stem II , SF = solvent front, 
SL = starting line 1 = digitoxin, 2 = lanato 
side A, 3 = lanatoside C A = extract A from 

Digxlahs pxirpurca drx leaxes, B = extract B from 

Digitalis purpurea dri leaves, C = extract from 

Digitalis purpurea dry leaves, D = extract B, from 

Digitalis purpurea dry leaves 
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Enzymatic Decomposition of Digitalis Glycosides IIP 


By OLE GISVOLD 

Enzyme inhibiting and enzyme favoring extraction techniques were applied to dried 
Digitalis purpurea leaves and to Digitalis Reference Standard. Paper chromato- 
graphic examination of the various extracts showed that digitalis leaves when dried 
carefully below 60° and Digitalis Reference Standard contained large amounts of 
the native glycosides such as purpurea glycoside-A. When ethanol or methanol 
concentrations of 66 per cent or greater were used to prepare the primary extracts 
enzymatic inhibition was obtained. A pH of one favored the enzymatic removal 
of the terminal glucose unit of the native glycosides. 


"Prei.imin.vry phytoclieinical investigations 

from this laborator}^ have shown that when 
the fresh leaves of a number of digitalis species 
were extracted by a technique that permitted a 
short period of enzymatic activity, the desgluco- 
glycosides could be isolated or detected by paper 
chromatographic techniques (1). If the fresh 
leaves were boiled for a short period of time be- 
fore extraction, the native glycosides only could 
be detected by paper chromatographic methods. 
I had never intended to reinvestigate Digitalis 
purpurea, falsely believing that little remained 
to be done in this area. However, my ex- 
periences with the fresh leaves of the other species 
of digitalis led me to instigate some studies with 
dry leaves. The U. vS. P. states that powdered 
digitalis is prepared from digitalis that has been 
dried at a temperature not exceeding 00°. I 
therefore dried some fresh leaves at 00° in an 
oven equipped with a blower. The leaves dried 
in a few hours and readily^ could be pulverized 
after twelve hours. When these leaves were 
examined by enzyme favoring and enzyme in- 
hibiting techniques previously described (1) the 
results were somewhat comparable to those ob- 
tained from the fresh leaves. Some of the 
desglucoglycosides were present in the dried 
leaves and much of the native glycosides were 
also present. Dried leaves of Digitalis purpurea 
obtained from Callison Co. also were examined 
according to the same techniques and similar 
results were obtained. In this case it appeared 
that less desglucogtycosides were present in the 
dried leaf. An extract of the dried leaves made 
with 40 per cent (or less) methanol did not in- 
hibit the enzyme that cleaved the terminal glu- 
cose residue from the native glycosides whereas 
GO per cent (or stronger) methanol or ethanol com- 
pletely inhibited the enzymatic activit^^ 

WTien the fresh leaves of Digitalis purpurea 
were dried at 100° and subsequently examined 
by enzyme inhibiting techniques, only the 
desglucoglycosides could be detected. This 

* Received April 25, 1958, from the College of Pharmacy, 
Univer:>ity of Minnesota. 


implied that enzymatic cleavage of the lenninal 
glucose unit had taken place during the drying 
process. Because enzymatic activity is de- 
stroyed by plunging fresh or dried leaves into 
boiling water, it would appear that enzymatic 
activity must have been completed while the 
leaves were warnung up to 100°. These studies 
being of a strictly qualitative nature were not 
able to detect any minute decompositions en- 
zjmiatic or otherwise that may have taken place 
bej'ond the digitoxin stage. 

An alcoholic (enzyme inhibiting concentra- 
tions) extract from powdered Digitalis purpurea 
containing the desglucoglycosides was prepared 
from a powdered leaf preparation that contained 
the native glycosides. The powdered leaf was 
first covered with a small amount of water and 
the mixture digested at 40 to 60° for about ten 
minutes to one hour. Alcohol was then added 
and the extraction carried out in the desired 
manner. Chromatographic examination of ex- 
tracts prepared in this way revealed that most 
of the native glycosides had been converted to 
the desglucoglycosides. 

After demonstrating that carefully dried 
leaves of Digitalis purpurea contained much 
native glycosides, it became necessary to de- 
termine the effect that a pH of one would have 
upon the enzymatic activity of the leaf because 
the whole powdered digitalis leaf is sometimes 
used orally. The powdered leaf was mixed 
with water having a pH 1 and allowed to stand 
with occasional shaking for one hour. After 
working up this preparation in the usual way I 
was able to show that the native glycosides had 
been converted chiefly to the desglucoglycosides. 
This demonstrated that the enzyme activity was 
not inhibited. The results also indicated that 
under the conditions of the experiment only 
removal of the terminal glucose residue had taken 
place. 

Strospeside occurs in the extracts obtained 
from both the enzyme inhibiting and enzyme 
favoring procedures. 


GOO 
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Enzyme inhibiting and enzyme favoring tech- 
niques when applied to U. S. P. Digitalis Refer- 
ence Standard 1942 also gave the same results 
that were obtained from the dried leaves. It 
can be concluded that this reference powder 
contained the active cardiac glycosides chiefly as 
the native glycosides. It also implied that the 
enzyme that cleaves the terminal glucose residue 
was still active. 

The above results indicate that when U. S. P. 
Digitalis Reference Standard 1942 was and is 
used for biological assay purposes, the native 
glycosides are the chief reference glycosides. 
This is because the primary extract to be used 
for assays purposes is made with an alcohol con- 
centration that completely inhibits the en- 
zy^mes present. In the case of the digitalis leaf 
or powder to be assay^ed much would depend on 
where the leaf was grown and how it was dried 
and stored as to the nature and amounts of the 
glycosides. 

There is a marked difference in the MLD 
/ig./Kg. in cats of purpurea glycoside-A which 
is 469 and digitoxin which is 330. The same is 
true for purpurea glycoside-B which is 548 and 
gitoxin which is 400. This is only part of the 
problem in the case of Digitalis purpurea. AH 
prior biological assays of Digitalis purpurea are 
meaningless in terms of relating such values to 
oral activity in man. Although Digitalis pur- 
purea may contain variable amounts (0 to very- 
high percentages) of purpurea glycoside-B (or 
gitoxin) these gtycosides are not absorbed orally 
in a cat and this also is very probably true in 
humans. Strospeside also occurs in variable 
amounts in Digitalis purpurea and even though 
it has a MLD ^ig./Kg. in cats of 580, its physical 
properties probably- preclude it from being ab- 
sorbed orally. Nothing is known of the oral 
absorption of purpurea glycosidc-.d but it is 
probably considerably lower than digitoxin. 
Digitoxin on the other hand is claimed to be ex- 
cellently- absorbed if not 100 per cent. 

It would appear therefore that an assay- is 
needed to determine the oral potency- of Digitalis 
purpurea. This might be done in animals if 
the results could be correlated in humans. An 
alternate solution w-ould be an assay- involving a 
determination of the amounts of the orally ab- 
sorbable gly-coside or gly-cosides by physical, 
chemical, or instrumental methods. In this 
case an assay- for the digitoxin content probably- 
wonld be most useful. 

Prior assay-s (colorimetric) for the gly-coside 
content of Digitalis purpurea also had little 
significance. This is because such ass.avs were 



Fig. 1.— Solvent system II; S. F.= solvent front 
S.I/. = starting line. I = digitoxin; 2 = gito.xin- s' 
= lanatosidc-A ; 4 = lanatoside-C; 5 = strospeside - 
G ^ purpurea glycoside-A; 7 = purpurea glycoside- 
B. A — Represents the chromatogram of an extract 
obtained from Digitalis purpurea powder dried at 
C()° or less or U. S. P. Digitalis Reference Standard 
The extracts were prepared by the enzyme inhibiting 
tcclmiqucs, i. e., boiling water or strong alcohol 
B—Rcprescnts the chromatogram of an extract 
obtained from Digitalis purpurea powder dried at 
00° or less or U. S. P. Digitalis Reference Standard 
The extracts were prepared from the powdered leaf 
by ;1 brief enzymatic treatment ; one hour exposure to 
an aqueous medium at pH 1 ; alcohol concentrations 
of 40% or less or digestion with a small amount of 
water at 40 to 60° followed by ethanol. B — Also 
represents the chromatogram of an extract obtained 
by- enzyme inhibiting techniques applied to digit-ilis 
leaf that had been dried at 100°. 

based upon the presence of the a,/3-unsaturatcd 
lactone ring which is present in all the cardio- 
active gly-cosides whether they- are orally ab- 
sorbed or not. Such assay-s suffered from the 
same disadvantages as did the biological assays. 

EXPERIMENTAL 

The details of the paper chromatographic tech- 
niques used in these studies have been dcscrilicd 
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previously (1). Solvent system II was used for the 
development of the paper chromatograms. Jensen’s 
trichloroacetic acid reagent (2) was used to detect 
the position of the glycosides on the paper. 

Extracts from Enzyme Inhibiting Treatment. — 
The following general procedure was used. Five 
grams of the powdered leaf was added to 100 cc. of 
boiling distilled water (or distilled water buffered to 
pH 7 with phosphate) and boiled for five minutes. 
The filtrate was then extracted with three successive 
portions of 30 cc. each of methylene dichloride. 
The methylene dichloride was removed and the 
residue dissolved in about two cc. of methanol for 
paper chromatographic examination. 

When alcoholic concentrations (GG% or higher) 
that inhibited enzymatic activity were used the 
drug (5 Gm.) was macerated overnight and the 
filtrate concentrated under vacuum to remove most 
of the alcohol. The concentrate was then diluted 
with water to make 100 cc. and then extracted 
three successive times with 25-cc. portions each of 
petroleum ether to remove much chlorophyll. The 
aqueous solution was then processed as above. If 
the final methanol solution was too highly pig- 
mented it was partialis' depigmented by methods 
described in previous publications (1) or directly 
by treating it with small successive portions of the 


finely poivdered base form of the ion exchange 
resin IRA-401. 

Extracts from Brief Enzymatic Treatment.— Five 
grams of the powdered leaf was added to 100 cc. of 
water and the mixture warmed to 50 to 00° for ten 
minutes. The filtrate then was treated as dc.scribctl 
under extracts from enzyme inhibiting treatincnl. 

Extracts from 40% Methanol. — Five grains of 
powdered leaf was macerated overnight with 10% 
methanol and the filtrate processed as described 
where alcoholic concentrations of GG% or higher 
were used to make the initial extract. 

Studies comparable to those described in the 
above experimental part have been initiated witli 
Digitalis merlonensis. These will be completed 
and reported at a later date. 

Figure 1 has been made by reconstructing a mun- 
ber of actual chromatograms in order to conserve 
space in This Journal. The representations are 
so close to the actual chromatograms that little if 
any accuracy has been sacrificed. 
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A Study of the Oxidative Metabolism of 
Acetylsalicylic, Salicylic, and Gentisic Acid in 
Fevered Animals* 

By ROSS E. CRABTREE, f JOHN B. DATA, and JOHN E. CHRISTIAN 

Labeled compounds were used to study the metabolism of salicylates in rats. A 
method, electrophoretic separation, was developed to identify the oxidative meta- 
bolites. Analysis of tissue extracts by this method generally revealed only the ad- 
ministered compounds. However, gentisic acid was found in the pituitary region 
of fevered rats administered either acetylsalicylic or salicylic acid. It was not found 
in the pituitary after administration of these compounds to nonfevered rats or after 
administration of gentisic acid to fevered rats. 


EVEKAL iiRUGS form active iiictabolites, and in 
sonic cases these niclabolitcs arc actually 
responsible for the activity of the compounds. 
Salicj'lates are known to form at least one active 
metabolite, gentisic acid, which is found in the 
urine of subjects administered salicylates (1). 
This compound, 2,5-dihydro.\ybenzoic acid, has 
been shown (2, .3) to produce the same antipy- 
retic cflects as salicylates without the untoward 

• Received Januar>' 27, 10o8. from the Bionuclconics Lab- 
oratories, School of Pharmacy, Purdue University, Lafayette, 
Ind. 
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eflccts of "salicylism.” However, authorities (I) 
stale that it cannot be the active form of salicyl- 
ate, because it must be given in the same high 
dosage as sodium salicylate in order to obtain the 
same therapeutic effects. It is also staled (4) 
that the amount formed in the body after the ad- 
ministration of sodium salicylate is not sufllciciit 
to exert the action. 

Recent work (5, G) has shown that there is se- 
lective accumulation of radioactivity in certain 
tissues of the body after administration of la- 
beled salicylates. No work has been rejiorted on 
the form in which the radioactive material is 
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present in these tissues. This study was under- 
taken to determine whether any metabolic prod- 
ucts of salicylates are present in the tissues during 
the time in which the antipj^etic action is being 
exerted. 


EXPERIMENTAL 


Synthesis of Possible Metabolites. — Gentisic 
acid was purchased commercially. It was electro- 
phoretically pure and melted at 201'-202° (corr.). 
2-Acetylgentisic aeid was prepared by the method 
of Bergraann and Dangschat (7). It melted at 167- 
168° (corr.). It proved to contain gentisic acid 
as an impurity when examined by electrophoresis. 
2,3,5-Trihydroxybenzoic acid was synthesized by 
the method of Schock and Tabern (8, 9). It melted 
at 127-128° (corr.). It also proved to contain 
traces of gentisic acid when examined electrophoreti- 
cally. Although gentisic acid was an impurity 
in both of these products, the compounds were 
sufficiently pure to establish their metabolic be- 
havior. 

Synthesis of Labeled Compounds. — C-14 Car- 
boxyl salicjdic and C-14 carboxyl acetylsalicylic 
acids were synthesized in these laboratories by Borst 
and Christian (10). 

C-14 Carboxyl gentisic acid was synthesized from 
radioactive salicylic acid by the metliod of Brodie, 
et al. (11), using modifications necessary for the 
radioactive synthesis. To 250 ml. of 0.1 M phos- 
phate solution, pH 6.6, there was added 207 mg. 
of C-14 salicylic acid, 87 mg. of FeSOiTH-O, 474 
mg. of ethylenediamine tetraacetic acid (EDTA), 
and 616 mg. of ascorbic acid. The solution was 
kept at 36° for four hours during which time air 
was vigorously bubbled into the solution. After 
aeidification with hydrochloric acid the solution was 
extracted 4 times with 30 ml. of chloroform followed 
by 5 extractions w'ith 30 ml. of ether. On evapora- 
tion the chloroform extract yielded 90 mg. of un- 
reacted salicylic acid. The other extract contained 
the gentisic acid, crude yield 60%. 

In order to prove the identity of the compound 
isolated, a portion of the product was subjected to 
separation on a chromatographic column according 
to the general method described by Trenncr (12). 
The solvent pair was glycerol-cthyl acetate and the 
holding solid was Supcrccl. The progress of the 
material on the column was followed 63' its fluores- 
cence under ultraviolet light. The flourcsccnt 
material was eluted from the column, and after 
evaporation of the solvent, white cr>-stals remained. 
The product w'as clcctrophoreticalb’ pure, radio- 
chcmicalb' pure, and it had the same melting point 
as gentisic acid obtained commcrcialh'. The 
specific activit3' determined in the Actigraph appara- 
tus' was 740 c. p. m./mg. 

Procedure. — Fever was produced in the animals 
b3’ use of peptone solution according to the pro- 
cedure given b3’ Buller, ct al. (13). The drugs were 
dissolved in 1 ml. of 0.1 Jl/ pliosphate solution, pH 
/ .4, and administered 63' subcutaneous injection. 
Table I shows the dosage schedule in which the 
various compounds were administered. Fort3'-five 
minutes after injection the rats were decapitated. 


* MoncI_ No. C-UMl-NitclL'iir Inslnmicnt oiitl 
e.orp,, Cliicagn. III., l.-l itiK./cin,= mica window. 


Clicmical 


Table I. — Dosage Schedule for Salicylate 
Compounds Administered to Rats 


Compounds 

Dose, 

niB./Kg. 

No. of 
Rats 
in Group 

Condition 

C-14 Acet5dsalic3dic 
acid 

100 

5 

Febrile 

Acet3'lsalic3’lic acid 

100 

10“ 

Febrile 

C-14 Acetylsalicylic 
acid 

100 

2 

Nonfebrile 

Acet3dsalic3'lic acid 

100 

10“ 

Nonfebrile 

C-14 Salicylic acid 

200 

5 

Febrile 

C-14 Gentisic acid 

200 

6 

Febrile 

2-Acetylgentisic acid 

150 

3 

Febrile 

Gentisic and 2,3,5- 
trihydroxybenzoic 
acid mixture 

100 

3 

Febrile 


* Only the blood, urine, and pituitary ^Ye^e examined in 
these experiments. 


and the blood and urine collected. The tissues 
were dissected, frozen on dr3’^ ice, and stored until 
use. 

The blood was collected over sodium citrate and 
immediately centrifuged. The plasma and red 
cells were then separated and an equal volume 
of acetone added to each of tliese fractions. Each 
of the plasma samples was treated separately, 
but the red cell extracts were pooled for measure- 
ment. The mixtures were centrifuged and the 
supernatant liquids dried over sulfuric acid in a 
vacuum desiccator at 36°. 

The rest of the tissue samples were also pooled. 
The liver, kidneys, heart, spleen, lungs, adrenals, 
brain, and pituitar3’“ were all separately homogenized 
with alcohol, centrifuged, and the supernatants 
evaporated in vacuo at 36°. 

Electrophoresis. — All the compounds were sub- 
jected to electrophoresis on the Reco apparatus.’ 
The separations were made on Schleicher and 
Schuell 2045a filter paper strips. Citrate buffer was 
used, pH 4.0, ionic strength 0.15. The compounds 
were dissolved in 1:1 ethanol/buffcr solution and 
0.02 ml. was applied to the negative side of the 
strips. Electrophoresis was run for five hours at 
350 V. which gave a current of approximately 10 
ma. 

The spots were detected on the strips by examina- 
tion under ultraviolet light, by reaction with ferric 
nitrate solution, and by radioactivity. The strips 
were scanned for radioactivity 63- the use of the 
Actigraph apparatus.- -Tlic-slits - furnished • with 
the instrument were replaced with a lead disk 
containing a 0.5-cm. slit which was positioned 1 
mm. above the paper strips. 

RESULTS 

Various salicylate derivatives can be distinctly 
separated by eleetrophoresis. Table II gives tlie 
relative movement of the various compounds. 
Salic3-lic acid was arbitrarily assigned a R. value of 
1,0 and the movement of the compounds compared 
to it. 


brain tissue on the fltKir of the third ventricle was also in 
eluded. 

C ^‘500-2. Rc''carch Rquipnicnl Corp., Oakland 
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Table II. — Electrophoretic Separation of 
Salicylate Derivatives 


Compounds 

Rr Value 

Salicvlic acid 

1 

.00 

Gentisic acid 

0 

,80 

Acetvisalicy’lic acid 

0 

,70 

2-Acety’lgentisic acid 

0 

.62 

2,3,5-Trihydroxy’benzoic acid 

0 

,58 


Acetylsalicylic Acid. — Table III shows the com- 
pounds detected in the various tissues of the fevered 
rats administered C-14 acetjdsalicylic acid. A rough 
estimate of the relative concentrations of the com- 
pounds was made by comparison of the areas under 
the radioactivity curves. In most cases the curves 
overlapped so that definite quantitative values 
could not be assigned. 


to two nonfevered rats. The findings were generally 
the same as those with fevered rats except that 
gentisic acid was not found in the pituitary’ extract.^. 
Confirmatory’ experiments yvith nonradioactivc 
acety’lsalicy’clic acid also failed to show any fluo- 
rescent spot in the pituitary strips for nonfevered 
rats. 

Salicylic Acid. — The results of the administra- 
tion of C-14 salicylic acid were limited by the low 
specific activity’ of the compound. Only qualitative 
results were recorded. Salicy’lic acid was the only 
radioactive compound found in the plasma, red 
blood cells, heart, lungs, spleen, liver, and brain. 
Gentisic acid was again detected in the kidneys, 
urine, and pituitary extracts. An unidentified 
compound was found in the adrenal extract with 
the same Rr value, 0.15, as found in the previous 
experiments. 


Table III. — Compounds Found in the Tissues After Administration if C-14 Carboxyl Acetyl- 

SALicY'Lic Acid to Fevered Rats 



Acetylsalicylic 

Salicylic 

Gentisic 

Unknown 

Tissue 

Acid 

Acid 

Acid 

(Rr Value) 

Plasma 

++++<■ 

"h 



Red blood cells 

+4* 

+4" 



Kidneys 


+-i-+ 

+ 

+’(0.19) 

+ +(0.57) 

Urine 


+ + 4’ + 

-j-4- 

Heart 

+ 

+++ 


Lungs 

+ 

4 " 



Spleen 

4“ 

+ 4 " 



Liver 

++ 

-h + ’i- 



Brain 

+ 

+ 



Pituitary 

+ 

4 " 

+ 

+■(0.15) 

Adrenals 

+ 

4" 



** The concentrations are graded from -f- to -1- -f- -b -h according to the relative areas under the radioactivity curves. 


In general, only’ acety’lsalicy’lic and salicy’lic 
acids were found in the tissues. However, certain 
exceptions are noteworthy’. Gentisic acid was 
found in the kidneys, urine, and pituitary’ extracts. 
Two unidentified products iverc detected in the 
urine. One unidentified product was also found in 
the adrenal extract. 

The three radioactive spots on the pituitary 
Strip were sufficiently separated so that the.v could 
be cut out and the radioactivity’ determined under 
a Gcigcr-Mtiller tube. The three sections corre- 
sponding to salicy’lic, gentisic, and accty’lsalicy’lic 
acids gave equal activity’ demonstrating that gentisic 
acid was present in the pituitary’ in approximately 
equal concentration to the amount of salicylic 
acid and to the amount of acety’lsalicy’lic acid. 
The section corresponding to gentisic acid was eluted 
with alcohol and pure gentisic acid was added. 
Electrophoresis of this solution gave only one spot. 
The spot was fluorescent and contained all the 
radioactivity’. This was taken as proof tliat the 
compound in the pituitary’ was gentisic acid. 

For confirmation of these findings two groups of 
five fevered rats were administered acty’lsalicy’lic 
acid. In both groups the flnrescent spot corre- 
sponding to gentisic acid appeared on the pituitary’ 
strips. Gentisic acid was also found in the urine 
but not in the plasma. 

C-14 Acetylsalicy’lic acid was also administered 


Gentisic Acid. — The labeled gentisic acid was also 
of low specific activity’ and only qualitative results 
were recorded. Gentisic acid was found in most of 
the tissue examined. A radioactive peak corre- 
sponded to the bright blue fluorescent spot of 
gentisic acid in every’ case except the pituitary. 
In the pituitary’ a radioactive spot, R, value 0.73,* 
tvas found, but no fluore.scence was observed. In a 
number of other tissues radioactivity’ was also 
recorded in a nonfluorcscent section with a Rr 
value of approximately’ 0.70. These tissues »'cre 
the plasma, red cells, liver, and adrenals. In the 
urine two fluorescent spots were observed to he 
radioactive, Rr values of 2.01 and 1.21. There was 
a third spot in the urine which did not fluoresce 
but W’as radioactive, Rr value of 0.63. 

Apparently gentisic acid occurs in widespread 
body’ distribution. The widespread oceurrenec of 
the nonfluorcscent compound indicates that gentisic 
acid is changed by the body into another form which 
does not possess fluorescent properties. 

2-Acetylgentisic Acid. — Only one fluorescent spot 
corresponding to gentisic acid could be detected on 
the clectropherograms after the administration of 
2-acetylgentisic acid to fevered rats. Hydrolysis of 
the spots by’ placing the strips in an amiuonia 


* In these results ecntisic acid was used as the comraiosan 
compound (.Rr = 1.0). 
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atmosphere failed to reveal a second spot for 2- 
acetylgentisic acid The pituitarj- again had no 
fluorescence to indicate the presence of gentisic 
acid The urine patterns corresponded to those 
found after the administration of gentisic acid 
Apparently 2-acetylgentisic acid is quickly hydro- 
lyzed m the body 

2,3,S-Trihydroxybenzoic Acid. — Administration of 
the mixture of gentisic and 2,3,5-trihydroxybenzoic 
acids gave electrophoretic patterns which \\ ere quite 
similar to those of gentisic acid itself In most of 
the tissues only the two administered compounds 
were detected However, the plasma and red 
cells produced only one spot, that of gentisic acid. 
The trihydroxy acid could not be recovered from 
plasma when added in vitro which may explain 
why it could not be detected in vivo 

The urine strips showed a definite spot for the 
trihydroxy acid. This indicates that the tri- 
hydroxy compound is at least partly excreted un- 
changed 


lated that it arose from rupture of the ring of 2,3,5- 
trihydroxybenzoic acid during these hydrolysis 
procedure In the past work it was shown that 
2,3,5-trihx'droxybenzoic acid is partly excreted 
unchanged. The trihydroxj^ acid spot was identi- 
fied by its yellow color in xdsible light and its strong 
fluorescence under ultraviolet. 2,3,5-Trih}^droxy- 
benzoic acid probably is not a metabolite of sali- 
cylates in rats A spot with approximately the 
same R, value was also foimd in the urine of rats 
treated with acetylsalicylic acid, but the spot was 
not yellow in visible light and did not fluoresce 
under ultraviolet. Hence, the spot was not 2,3,5- 
trihydroxybenzoic acid. The unidentified spots 
found on the tmne strips were probably conjugated 
products since hydrolysis of the urine strips in an 
ammonia atmosphere and separation of the alcoholic 
eluates gax’e only spots for gentisic and salicylic acids 


SUMMARY 


DISCUSSION 

Fallot and Eberhardt (6) have reported that after 
the administration of labeled sodium salicylate to 
rats the radioactivity accumulates in the anterior 
pituitary in a greater concentration than in any 
other tissue except the blood. In the present work 
it was shown that in febrile rats a significant part 
of this radioactivity in the pituitary is composed 
of gentisic acid The presence of this metabolite in 
the pituitary is highly significant since many 
workers believe that one of the main actions of 
salicylates is activation of the hypothalamic- 
hypophyseal-adrenal axis (14-16) Since a high 
concentration of gentisic acid was found in this 
region, it was actually present at the site of action 
in sufficient quantity to exert the action The 
absence of gentisic acid in the pituitary of non- 
febrile rats might be one reason for the failure of 
salicylate to lower normal body temperature to 
subnormal levels 

Udenfriend, ct al (17), found that a mixture of 
ascorbic acid, EDTA, and ferrous ion will bring 
about hydroxylation of a number of drugs In 
this connection it maj' be pointed out that ascorbic 
acid occurs in high concentration in the pituitary 
(18) This fact, combined m ith the relatively high 
concentration of radioactive salicylate wliicli ac- 
cumulates there, indicates that this could be one 
mechanism by which the gentisic acid is formed in 
the pituitary 

The eflccts which occur after the administration 
of acetylsalicylic acid are complex and cannot be 
expained solely by activation of the hypothalamic- 
hypophyscal-adrenal axis The total effect arises 
from stimulation or depression of several systems of 
the body. Since widespread bodj’ distribution of 
any salicylate metabolite was not found, the 
peripheral actions of salicylate are probably due to 
the salicylate itself. This does not exclude the 
possibility that the salicylate may form complexes 
with certain compounds of the body which in turn 
may exert these actions 

Dumazert and El Ouachi (19) detected levulinic 
acid in the urine of rabbits and humans after the 
administration of sodium salicylate. They postu- 


1 . A method of electrophoretic separation was 
developed for oxidative metabolites of salicylates. 

2. Synthesis of possible salicylate metabolites 
is reported. These are C-14 carboxyl gentisic 
add, 2-acetylgentisic add, and 2,3,5-trihydroxy- 
benzoic add. 

3. The metabolic products found in various 
rat tissues after the administration of labeled 
acet}dsalicj'lic add, salicylic add, and gentisic 
add were determined. Gentisic add was found 
in the pituitar}^ kidneys, and urine after admin- 
istration of acetylsalicylic acid and salicylic acid 
to fex'ered rats but not in any other tissues. 
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The Relationships between the Histamine Liberating 
and Hypotensive Actions of 
l-Phenyl-2-Dimethylaminoethoxymethyl 
Tetrazole Hydrochloride (TT-209)* 

By M. B. SLOMKA 

l-Phenyl-2-dimethylaminoethoxyniethyl tetrazole hydrochloride (TT-209) produces 
a profound hypotension of long duration in the dog; refractoriness to the hypoten- 
sive action of TT-209 develops on repeated administration. TT-209’s ability to 
produce hypotension is associated with its ability to increase plasma histamine con- 
centrations. TT -209 and compound 48/80 demonstrate a cross-refractoriness in 
their ability to affect dog blood pressure and plasma histamine concentration. It is 
concluded that the hypotensive action of TT-209 is mediated via a mechanism of 

histamine liberation. 


TJrO.M AN’ EXTENSIVE ANALYSIS of the hypo- 
tensive action of l-phenyl-2-dimethylamino- 
ethoxv’methyl tetrazole hj'drochloride (TT-209), 
Yim, Gross, and Keasling suggested that this 
action of the compound was due to its direct 
depressant action on the cardiac and vascular 
smooth muscle (1). The similarity of the hypo- 
tensive action of TT-209 to that of known 
histamine liberators suggested that this action of 
the compound might be mediated via a mecha- 
nism of histamine liberation. This possibility 
was tested in the experiments reported in this 
communication. 

EXPERIMENTAL 

Methods. — Blood pressure was recorded by 
means of a mercury manometer from a common 
carotid artery of mongrel dogs anesthetized with 
sodium pentobarbital 33 mg. /Kg. All drugs were 
injected rapidly as saline solutions into a femoral 
vein. In those experiments in which blood samples 
were obtained for analysis of plasma histamine the 
samples were withdrawn from the contralateral 
femoral vein from one to two minutes after drug 
injection into heparinized syringes. 

Histamine bioassay was performed on guinea pig 
ileum strips suspended in an atropinized (atropine 
sulfate 10“') Tyrode’s solution at 37°. Strips were 
standardized to histamine prior to each addition of 
dog plasma. Pharmacologic identification of hista- 
mine in plasma was established by the ability of 
Benadryl (10“’) to inhibit plasma contraetions to 
the same degree as histamine contractions. 

Results. — The prolonged hypotensive effect of 
10 mg./Kg. TT-209 in pentobarbital anesthetized 
dogs and the development of refractoriness to this 
action of the compound is illustrated in Fig. 1. The 
TT-209 refractory dog demonstrates a cross- 

* Received December S, 19.57, irom the Department of 
Pharmacolog:}*, The University of Texas ^uthwestern 
Medical Schf>ol, Dallas. 

Presented to the American Society for Pharmacology and 
Experimental Therapeutics, Baltimore, Md., September 1057. 

The author wishes to thank Dr. R. O Hauck, Bilhuber- 
Knoll Corporation, for supplies of TT'-209 and Dr, E. J. 
DeBeer, Burroughs Wellcome S; Co , for supplies of compound 
48/SO 


refractoriness to the hypotensive action of 200 pg./ 
Kg. compound 48/80 but not to the hypotcn.sivc 
action of 0.1 cc./Kg. 10% Tween 20. 

The administration of 200 pg./Kg. conipmnid 
48/80 produces a hj'potension similar in intensity 
and duration to that seen with TT-209; the animals 
are refractory to furtlier administration of compoiiml 
48/80. The compound 48/80 refractory animal 
demonstrates a cross-refractorincss to the hypo- 
tensive action of 10 mg./Kg. TT-209. 

The mean fall in blood pressure of 86% produced 
by 10 mg./Kg. TT-209 was associated with a mean 
increase in plasma histamine concentration of 0.35 
p%./cc. (Table I); 200 pg./Kg. compound 48/80 
produced a similar mean fall in blood pressure, 85%, 
and mean increase in plasma histamine concentra- 
tion, 0.44 pg./cc., (Table III). In dogs made 
refractory to TT-209 or compound 48/80 by prior 
administration of either compound TT-209 or com- 
pound 48/80 produced at most transient depressor 
effects that were associated with no measurable In- 
creases in plasma histamine concentration. (Tables 
II and III). 

Discussion. — The magnitude and duration of the 
hj’potensive response and the development of toler- 
ance to 10 mg./Kg. TT-209 agrees with that previ- 
ously' reported by Yim, Gross, and Keasling (1). 
The hy’potensive activity’ and the development of 
refractoriness to such activity of compound 48/80 
has been previously' reported (2, 3, 4). Evidence 


Table I. — -The Effect of 10 mg./Kg. TT-2()9 o.v 
Dog Blood Pressure and Plasma Histamine 
Concentration 



Blood Pressure 

Histamine PI.Tsrna Conen.. poi 


Control, 

Fall, 


1-2 Mm. 

No. 

mm. Hg 

% 

Control 

Post Drue 

B 

160 

88 

None" 

0.21 

E 

124 

81 

None' 

0.36 

F 

122 

85 

None" 

0.36 

I 

144 

83 

Xone'^ 

0.23 

GG 

128 

87 

None" 

0.36 

}} 

138 

90 

Konc" 

0.30 

KK 

110 

92 

None" 

0.32 

QQ 

136 

90 Xoiic’' 

86 ± 1.3 

o..5n 

0..35 ifc 0.01 

® None indicates 

less 

than 0 003 pg./O. 

r> ml., Ilic pla'mi 


volume used to assay for histamine. 
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pi~ 1 —Carotid blood pressure, time marks one minute; kymograph stops of fifteen to thirty minutes. 
Legend;—^ marks injection of 10 mg./Kg. TT-209. B marks injection of 200 fig./Kg. compound 48/80; 
Cmarks injection of 0.1 ml. /Kg. 10% Tiveen 20. 


Table II.— The Effect of 10 jio./Kg. TT-209 o.v Dog Blood Pressure and Plasma Histamine Con- 
centration AFTER Pretreatment 


Blood Pressure Histamine Plasma Conen., aK./ral. 


Pretreatment Dog No. 

Control 
mm. Hg 

Fall, 

% 

Control 

1-2 Min. 
Pon Drug 

Refractory to 10 mg./Kg. 

TT-209 

E 

118 

17 

lNone“ 

Xone” 

F 

78 

0 

None“ 

X’one" 

GG 

82 

24 

None" 

Xone" 

LL 

104 

10 

Xone" 

X’one” 

NN 

144 

87 

None" 

Xone” 

Refractory to 200 fig. /Kg. 
compound 48/80 

H 

140 

17 

None" 

Xone“ 

J 

106 

5 

Kone'’ 

Xone” 

00 

X ± S, 

100 

0 

20 ±10 

Xone“ 

Xone° 


^ None indicates less than 0.0G3 ng./0.5 ml., the plasma volume used to assay for histamine. 


indicates liberation of endogenous histamine to be 
the mechanism by which compound 48/80 exerts its 
hypotensive activity (2-5). The cross-refractori- 
ness shotvn between TT-209 and compound 48/80 
in their ability to produce their prolonged hj-po- 
tensive responses would indicate that TT-209 is also 
producing this effect via a mechanism of endogenous 
hislaitiine liberation. This mechanism of action is 
supported by the apparent relationships between the 
ability of TT-209 to produce its characteristic effect 
on the blood pressure and to affect plasma histamine 
concentration in previously untreated dogs and its 


inability to affect these parameters in TT-209 or 
compound 48/80 refractory dogs. 

The inability of diphenhydramine to block the 
hj-potensive response to TT-209 (1) is not inconsist- 
ent with the proposed h>-pothesis. -Although anti- 
histaminic agents can block the response to small 
doses of histamine, they are not effective in blocking 
the h\-potensive response to large doses of exogenous 
histamine (6) or the amounts of histamine presum- 
ably .released in close proximity to histaminergic 
receptors by histamine liberators or in anaphvlaxis 
( 7 ). 
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Table III — The Effect of 200 /iG /Kg Compound 48/80 on Dog Blood Pressure and Plasma 

Histamine Concentration 



Blood Pressure 

Histamine Plasma Conen . up /mi 


Control, 

Fall, 

Control 

1-2 Mm 

Pretreatment Dog No 

mm Hg 

% 


Post Dnig 

None 

110-160 

85 

0 13 ± 0 04 

0 57 ±0 10 


110-160 

85 

None" 

0 44 i 0 ()5 

Refractory to 200 ng /Kg 

compound 48/80 

80-160 

0-10 

None 

None 

Refractor}' to 10 mg /Kg 

TT-209 

GG 

78 

59 

None 

None 

LL 

108 

0 

None 

None 

NX 

146 

0 

None 

None 

TT 
f ± 

119 

30 

22 ± 14 

None 

None 


° None indicates less than 0 063 /O 5 ml , the plasma volume used to assay for histamine 


The ability of another known histamine liberator. 
Tween 20 (8), to produce prolonged hj'potension in 
the TT-209 compound 48/80 refractory dog indi- 
cates (a) a hypotensive response can still be 
attained in the animal, (b) the animal’s releaseable 
histamine stores have not been depleted, and (c) 
TT-209 in the dosage employed does not possess a 
significant degree of antihistaminic activity on the 
dog’s vascular system 


cross-refractoriness with regard to their ability to 
affect the blood pressure and plasma histamine 
concentration. 

3. Evidence indicates that TT-209 produces 
its hypotensive action via a mechanism of 
histamine liberation. 
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Zein as a Film-Type Coating for Medicinal Tablets^ 

By EDWARD P. WINTERS and DWIGHT L. DEARDOREFf 


Zein, with and without certain additives, was added to isopropyl alcohol. Tablets 
coated with the resultant nonenteric fluids adequately withstand heat, abrasion, and 
humidity. Tastes and odors of the original tablets are concealed by the coating. 
Grooves and emblems on the tablet surface are retained and remain visible through 
the coating. The differences in solubility between the coated and uncoated tablets 

are negligible. 


TiLiziNG established METHODS of Sugar 
coating, one of the larger pharmaceutical 
manufacturers in this country employs more 
than 150 coats to cover one of their tablet prod- 
ucts adequately. This entire process, based on 
a regular working schedule, requires as many as 
five working days. While the resultant coated 
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tablets are pharmaceutically elegant, much 
remains to be accomplished with respect to 
decreasing the time and labor involved. 

Perhaps the most e.xpcdient method of accom- 
plishing this objective would be the development 
of a coating which would serve the general pur- 
poses of a noncnteric coating (1-3) without the 
use of subcoat powders and buildup coatings, 
that is, a “film-type” coating. At least one phar- 
maceutical manufacturer is currently protlueing 
tablets coated in this manner. Two of the more 
recent endeavors along these lines have licen per- 
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formed by Gans and Chavkin (4) and Doerr, 
et al. (5). An effort has been made to produce a 
nonenteric coating fluid using zein which would 
not require the numerous coats now emplo 3 ’ed, 
thereby resulting in a substantial diminution in 
equipment needs. Zein is resistant to microbial 
attack (6) and is considered to be nontoxic and 
suitable for use in functional coatings involving 
the ingestion of relatively small amounts of ma- 
terial (7). 

EXPERIMENTAL 

Materials. — The following abbreviations are used 
for zein and nonionic surfactants employed in this 
study: (Z) Zein, (T20) polyoxyethylene sorbitan 
monolaurate, (T80) polyoxyethylene sorbitan mono- 
oleate, (S20) sorbitan monolaurate. (S80) sorbitan 
monooleate, (A83) sorbitan sesquioleate, (Ax) as- 
pirin tablets, 340 mg.. Manufacturing pharmacy 
Laboratories, University of Illinois, (Pa) placebo 
tablets, 250 mg., Abbott Laboratories, 621-8914, 
as described by Doerr, et al. (5), from basic starch- 
lactose granulation, (Px) placebo tablets, 350 mg.. 
Manufacturing Pharmacy Laboratories. University 
of Illinois, from basic starch-lactose granulation as 
used by Keren (8) and Villacorta (9). 

Tablets (Commercially Coated).— Ammonium 
chloride, 7 Vj gr., enteric coated, Parke Davis and 
Company; cascara sagrada extract, 5 gr., Upjohn 
Company; ferrous gluconate, 5 gr., “Fergon," 
Winthrop Laboratories; ferrous sulfate, 3 gr., 
"Feosol," Smith Kline and French Laboratories: 
sodium salicylate, 10 gr., enteric coated, Abbott 
Laboratories. 

Apparatus. — ^The apparatus used in this study in- 
cluded the following; 20-inch galvanized iron 
coating pan, 20-inch galvanized iron canvas lined 
polishing pan — both the coating and polishing pans 
were interchangeable on a motor driven bench stand 
and revolved at a speed of 30 r. p. m. Industrial 
vacuum machine (General Electric Model 203), 
Fisher Twin Infra-Red Rediator (each bulb rated 
250 watts), U. S. P. Disintegration Device (Scien- 
tific Glass Apparatus Company, Inc.)., Shaking 
machine (A. S. Aloe Compan 5 '), Glass Desiccator 
Jar, 250 ram. (Central Scientific Company), and 5X 
Aplanat Magnifying Lens (Bausch and Lomb). 

Methods. — ^The coating formulas used may be ex- 
plained as follows: the figures immediately follow- 
ing the abbreviations previously described represent 
the percentage by weight of the preceding material. 
In every instance the remainder of the formula is 
understood as being 91% (v/v) isopropyl alcohol, 
calculated on a weight basis according to the pre- 
scribed formula. For example, the formula Z-I5- 
(T20)-3 should be read as 15% zein, 3% polyoxy- 
ethylene sorbitan monolaurate, and 82% isopropyl 
alcohol (91% by volume): the percentages in the 
formula all being on a w/w basis. 

Application of Zein-Additive Fluids. — The tablets 
were screened, weighed, and placed in the pan ready 
for coating. The first application of coating fluid 
was added almost immediately to lessen the possi- 
bility of the uncoated tablets chipping while tum- 
bling in the rotating pan. The fluid was applied in a 
thin stream along the top of the tumbling tablets. 


The tablets and coating were not warmed prior to 
application. 

A maximum interval of three minutes is required 
between applications of the coating fluid, promding 
that warm air is directed onto the tablets. This time 
interval is dependent upon the amount of time 
required for the previous coating to dry. A warm 
air blast is necessarj' to shorten the drying period of 
each coating, thereby preventing the tablets from 
adhering to one another or to the sides of the pan 
It is of utmost importance that this warm air (54°) 
be applied only after the coating has been completely 
distributed over all the tablets. If this procedure 
is not adhered to closely, the coating fluid will dry 
before it has covered the entire batch, resulting in an 
uneven coating. 

'VWien avtry visible tablet is evenly covered with 
a very thin coating of the fluid, the warm air is 
applied immediately. An excessive quantity of 
fluid produces a rough, uneven coating and leads to 
the possibility of tablets clumping together. The 
warm air treatment will usually relieve this situa- 
tion, but generall}' when the tablets separate they 
are irreparably marked at the point of previous con- 
tact. Shellac sealcoat and wa.x polishing solutions 
were prepared by standard methods employing the 
general formulas as commonly used in industry 
(see Table I). 

Addition of Colors. — Varying concentrations of 
FD & C Blue No. 1 (Brilliant Blue) and FD & C 
Red No. 3 (eirthrosine) in Z-15-(T20)-3 were pre- 
pared. The majority of the coloring experiments 
were performed using the red dye since this was 
decided upon as being the more popular and appeal- 
ing of the two colors employed. 

Concentrations ranging from 0.02% to 0.5% 
(w/w) of FD & C Red No. 3 in Z-lS-(T20)-3 were 
prepared. These colored zein fluids were added 
to the tablets in essentially tlie same manner as the 
uncolored zein fluids but failed to produce an evenly 
colored tablet. Initial addition of Z-15-(T20)-3 
containing very small concentrations of FD & C 
Red No. 3, followed by subsequent coatings con- 
taining increasing dye concentrations failed to im- 
prove the uniformity of the coating color. The same 
negative results followed initial sealcoating of the 
tablets using shellac. 

After varying dye concentrations and application 
techniques it was found that, per 10,000 commercial 
placebos (Pa), 50 ml, of Z-15-(T20)-3 containing 
0.03% FD & C Red No. 3, added in a single contin- 
uous fine stream with twenty seconds of forced 
warm air applied immediately after all the tablets 
have been wetted by the coating fluid, produced the 
most desirable color. It is worth noting however, 
that the use of colored zein fluids, when applied in 
the same manner as the uncolorcd zein fluids, but 
with increasing concentrations of dye per applica- 
tion, can also result in a rather unique, strongly 
variegated coating, should this be desirable. 

Visual Eraminarion of Coated Tablets,— Random 
Mtuples of the coated and uncoated tablets listed 
in Table II were examined for luster and homo- 
geneity in the following manner. Evaluation of 
luster was performed in a darkened room using the 
reflectance of light from a 3-watt bulb on the 5X 
Aplanat Magnifier. The lens of the magnifier was 
removed for this inspection. The tablets were rated 
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Table II. — Visual Examination op Tablets 


Formula Number 

Initial 

Tablet 

I.uster” 

Homo 
RcncilN 1 

Z-15-(T20)-3 FD & C 



Red No. 3-0.03% 
Z-15-(T20)-3 waxed FD 

Pa 

0 

4 

&CRedNo. 3-0.03% 

Pa 

3 

4 

Z-15-(T20)-3 

Ax 

1 

0 

Z-15-(T20)-3 waxed 

Ax 

2 

0 

Z-15-(A83)-3 

Px 

3 

0 

Z-15-(A83)-3 waxed 

Px 

3 

9 

Z-15-(A83)-3 waxed 

Ax 

3 

1 

3 

Z-15 

Pa 

2 

Z-15 waxed 

Pa 

4 

3 

Z-15-(S20)-3 

Px 

4 

4 

Z-15-(S80)-3 

Px 

4 

4 

Ferrous sulfate 


4 

4 

Sodium salicylate 


4 

4 

Ammonium chloride 


4 

4 

Cascara sagrada 


4 

4 

Ferrous gluconate 


4 

4 

Uncoated Pa 


4 

4 

Uncoated Px 


3 

3 

Uncoated Ax 


0 

0 


** Based on commerciaf placebo (4) as standard. Decrease 
in number represents decrease in luster 

ft Based on commercial placebo (4) as standard De* 
crease tn number represents decrease in homogeneity. 


numerically for luster on a scale whereby the un- 
treated commercial placebos (ivhieh possessed a 
v’ery satisfactorj- luster without any coating) were 
rated as 4 and the untreated aspirin tablets having 
no luster rated as O. 

Homogeneity of the tablet surfaces was deter- 
mined in a darkened room using the 5X Aplanat 
magnifying lens, the light source being tlie 3-watt 
bulb in the magnifier. Evaluation of homogeneity 
was numerical on a scale whereby untreated commer- 
cial placebos were rated as 4 (these tabets being 
very smooth and homogeneous in appearance). 
Values of 3 and 2 were assigned to tablets witli de- 
creasing homogeneity and a value of 1 for those 
tablets exhibiting a definite lack of homogeneity. 

Infrared Heat Test. — Six each of the coated and 
uncoated tablets listed in Table II were selected at 
random and placed on the base plate of tlie infra- 
red heat lamp, seven inches from tlie two 250-watt 
infrared lamps. The tablets were inspected at time 
intervals of 5, 10, 15, and 30 minutes, and 1, 2, 4, 
and 8 hours. Results of this test strong!}' indicate 
that zein coated tablets are more resistant to heat 
than the commercial sugar coated tablets and gener- 
all}' show little deleterious effects from the tempera- 
ture employed. Zein coatings failed to protect the 
aspirin, which melted in every instance. All the 
zein coatings employed were free from the scorching 
effects of the heat. Waxed and unwaxed Pa colored 
with ED & C Red No. 3 began to fade after one-half 
hour exposure. 

Durability (Shaking) Test. — Four-ounce glass 
French square bottles were filled to one-half ca- 
pacity with coated and uncoated tablets as listed 
in Table II. These bottles were placed on their 
sides in the shaker and inspected at scheduled in- 
tervals for a total of two hours. This test is .sue i 
that the bottles are shaken lengthwise through a 
total distance of approximately one inch three 
hundred times per minute. 
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During eacli examination of the tablets any 
powder whieli may have aecumulated in the bottles 
dtiring the test was removed to facilitate a more 
advantageous inspection. Results of these e.xamina- 
tions indicate that zein coated tablets are more 
resistant to physical trauma than either the uncoated 
tablets or the commercially sugar coated tablets. 
Waxed zein coatings are more subject to chipping 
than the same unwaxed coatings. 

Humidity Test. — Random samples of the tablets 
listed in Table III were put in uncovered Petri dishes 
which were then placed in a 250-ml. glass desiccator 
from which the desiccant had been removed and re- 
placed with one inch of water. The tablets on each 
dish were in a single layer, therebj' exerting only 
their own weight on the glass and not being com- 
pressed from above by other tablets. The dishes 
were filled to approximateh’ three-fourths capacity 
to allow the tablets to slide freely when they were 
tilted at an angle. The Petri dishes used and the 
quantity of tablets emplo5’ed W'ere such that a max- 
imum of visual inspection was possible with a mini- 
mum of epidermal contact. The conditions em- 
ployed permitted a free movement of moist air 
equally over every tablet contained in the glass 
desiccator jar. The desiccator jar was securely 
closed but the Petri dishes contained therein were 
uncovered. The tablets were examined periodically 
for adherence to the glass dish which would indi- 
cate a softening of the coating due to the high hu- 
midity of the desiccator jar. Adherence values were 
assigned as described in Table III. 

IJ. S. P. Tablet Disintegration Test. — Disintegra- 
tion tests were performed on coated and uncoated 
tablets using the prescribed apparatus (10). Six 
each of the tablets listed in Table D’ were tested in 
five replicates giving a total of five average disinte- 
gration values tor each type tablet used. The aver- 
age values are recorded in Table IV for disintegration 
in distilled water and artificial gastric juice as em- 
ployed by Huyck(n). 


Table IV. — Disintegration Test 


Disintegration Time, 
Sec. 


Coating Formula 

Initial 

Tablet 

Distilled 

Water 

Artificial 

Gastric 

Juice 

Z-15-(T20)-3 FD & C 
Red No. 3-0.03% 

Pa 

46 

39 

Z-15-(T20)-3 waxed 
FDC& Red 3-0.03% 

Pa 

47 

39 

Z-15-(T20)-3 

Ax 

22 

20 

Z-15-(T20)-3 waxed 

Ax 

27 

23 

Z-15-U83)-3 

Px 

98 

93 

Z-15-(A83)-3 waxed 

Px 

116 

102 

Z-15-(A83)-3 waxed 

Ax 

32 

30 

Z-15 

Pa 

59 

45 

Z-15 waxed 

Pa 

63 

44 

Z-15-(S20)-3 

Px 

105 

93 

Z-15-(SS0)-3 

Px 

119 

106 

Uncoated Pa 


49 

39 

Uncoated Px 


108 

106 

Uncoated Ax 


12 

12 


DISCUSSION 

Varying concentrations of zein (5 to 20) in 91% 
isopropyl alcohol were employed as nonenteric 
tablet coatings. In most instances additives were 
combined with these fluids. The type and quantity 
of additives employed varied and ranged in concen- 
tration from 1 to 10%. Certain of these tablet 
coating formulas were chosen for testing based en- 
tirely upon the general appearance of the finished 
coated tablet. Fluids containing 5% and 10% zein 
were too thin, requiring larger quantities to cover 
the tablets adequately. Furthermore, the tablets 
are thus exposed to more zein solvent, thereby per- 
mitting possible tablet disintegration in the coating 
pan. Zein concentrations of 20% resulted in rough, 
uneven coatings. Additive concentrations of 10% 
resulted in a greatly prolonged drying time. Fluids 
containing 15% zein and 3% additive were sub- 


Table III. — Humidity Test 


Initial 

Formula Number Tablet 1 

Z-15-(T20)-3FD&CRed No. 3-0.03% Pa 0 

Z-15-(T20)-3 waxed FD & C Red No. 

3-0.03% Pa 0 

Z-15-(T20)-3 Ax 4 

Z-15-(T20)-3 waxed Ax 3 

Z-15-(A83)-3 Px 0 

Z-15-(AS3)-3 waxed Px 0 

Z-15-(AS3)-3 waxed Ax 0 

Z-15 Pa 0 

Z- 15 waxed Pa 0 

Z-15-(S20)-3 P.X 0 

Z-15-(S80)-3 Px 0 

Ferrous sidfate . . 4 

Sodium salicylate , 3 

Ammonium chloride . . 3 

Cascara sagrada . , 3 

Ferrous gluconate . . 2 

Uncoated Pa . . 0 

Uncoated Px 0 

Uncoated Ax . . 0 


2 

3 

4 7 8 

9 

U 

14 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

6 

6 

8 

6 

6 

6 

6 

6 

3 

4 

4 

3 

3 

3 

4 

6 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

0 

2 

9 

0 

2 

3 

3 

4 

4 

5 

6 

0 

0 

0 

0 

0 

0 

0 

0 

0 

O 

2 

1 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

7 

8 

s 

10 

10 

10 

10 

10 

3 

3 

5 

8 

9 

10 

10 

10 

4 

5 

9 

10 

10 

10 

10 

10 

4 

6 

8 

10 

10 

10 

10 

10 

3 

3 

3 

8 

10 

10 

10 

10 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


f''?' wlwn dish is tilted: 3 adherence— tableLs slide only when dish is gently t.ipi>ed w 

tables were released when dish is tapped as above; all required individual pressure to me 

Ihem.lcavmgaportionofthetabletandeoatingremainmgontheglass > s . lo 
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mitted to testing because these concentrations ap- 
peared most efficacious with respect to uniformitj’^ 
and ease of coating. Total working time emplojdng 
the prescribed concentrations of zein and additive 
was less than one-half hour for the actual coating 
procedure. At the end of this period the coating 
was dr\' and but for a characteristic odor of zein and 
isopropanol, the tablets were ready for packaging 
This odor gradually dissipates when the tablets are 
exposed to air The need for sealcoating, cooking 
kettles, and ovens is eliminated and the size and 
weight of the coated tablets is practically unchanged 
(1-5 mg weight gain) Zein coated tablets re- 
sisted effects of the durability, humiditj' and infra- 
red heat tests to a greater degree than did the com- 
mercial sugar coated tablets It would appear that 
aspirin presents an individual problem Zein coat- 
ings completely mask the characteristic odor of ace- 
tic acid ordinarily emitted from aspirin tablets and 
remain on these tablets long enough to prevent the 
vert’ familiar bitter taste of this drug from being 
experienced by the subject. Disintegration time is 
but slightl}’ effected by the zein coatings and em- 
blems, trademarks or grooves on a tablet surface are 
clearly visible through the coating 


From the design of this work it can be seen that no 
comparison between individual zein coating formu- 
las was intended and that no such evaluations can 
be made from the accumulated data It does 
appear, however, that zein can be well utilized as a 
nonenteric tablet coating material when applied in 
the form of a thin film. 
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amphenicol, tetracyclines, antibiotic-resistant bac- 
teria, neomycin, erythromycin, bacitracin, fuma- 
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Kinetics of the Degradation of Isoamyl Nitrite 

in Ampuls I.* 

Nature of Reaction Products and Influence of Temperature, Oxygen, 
Alcohol, Water, and Acid on the Overall Rate 

By MARTIN H. YUNKER, DALE SZULCZEWSKI, and TAKERU HIGUCHI 

Results of a kinetics study on the rate of degradation of both laboratory and com- 
mercial lots of isoamyl nitrite in sealed ampuls are presented. The reaction appears 
to be autocatalytic with an effective heat of activation of 20 kcal./mole. Com- 
mercial ampuls containing roughly 0.33 ml. of the ester explode on developing from 
7-12 ml. of by-product gases. Mass spectrometric and gas chromatographic anal- 
yses show that these consist largely of nitrogen, nitrous oxide, carbon dioxide, and 
traces of nitric oxide and carbon monoxide. Results obtained suggest that the first 
three gases are produced by a secondary reaction between nitric oxide and aldehyde. 

The liquid products appear to be a mixture consisting of at least twelve components 
including carboxylic ester, carboxylic acid, isoamyl alcohol, aldehyde, and isoamyl 
nitrate. The influences of water, acid, alcohol, oxygen, and certain additives on the 
overall degradative rate are also given. 


^ I 'he present study is concerned with the re- 

suits of an investigation on the problem of 
deterioration of isoamyl nitrite (amyl nitrite, 
U. S. V.) on storage. The nitrite ester on stand- 
ing undergoes spontaneous decomposition, yield- 
ing both gaseous and liquid degradation products. 
This instability is manifested in commercial amyl 
nitrite ampuls by a steady increase in internal 
pressure leading eventually to explosive destruc- 
tion of the glass container. In this work, experi- 
mental data were obtained showing the chemical 
nature of the end products, the rate of pressure 
development, the influence of temperature, water, 
and oxygen on the rate, and finally the catalytic 
cflcct of acid for the liquid phase, thermal break- 
down reaction of the ester especially in sealed 
ampuls. 

Much of the past studies on the decomposition 

• Received Eebruary 13. 1058, from the School of Phar- 
macy, Univcriily of WNcon*;m. MadUon 


reactions of the nitrite esters have dealt with 
vapor phase, high temperature systems. 

The thermal decomposition of methyl, ethyl, 
?i-propyl, isopropyl, and n-butvl nitrites in the 
vapor phase has been studied by Steacie and co- 
workers (1) at 170-200°. Under these condi- 
tions the major overall reaction in each case ap- 
peared to be : 

2RCH.ONO RCHO + RCH,OH + 2NO 

Rice and Rodowskas (2) have proposed the 
following mechanism for the vapor phase reaction 
of alkyl nitrites: 

RCIUOXO RCH-O- -t- XO 
RCH,0- -t- RCHjOXO RCH,OH + RCHOXO 
RCHOXO — XO -!- RCHO ' 

In a more recent study of the vapor phase reac- 
tion of ethyl nitrite, however, Le\-y (,3) disagrees 
with Rice’s mechanism, and finds that the follow- 
ing scheme agrees better with his kinetic data. 


G13 
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C-HsONO — CiHsO- + NO 
CiHsO- + NO ^ CH,CHO + NOH 
2NOH N.O + H-0 
C.HsO- + NHO — CiHsOH + CHjCO 
NOH + CHjCO CH 5 CHO + NO 

In each of the above studies, nitric oxide was 
found to be the principal gaseous product while 
alcohol and aldehyde were the predominant liquid 
decomposition products. In addition, however, 
Le\' 3 ' found appreciable nitrous oxide, and had 
reason to believe water is formed. 

The onlj' study of the liquid phase decomposi- 
tion of a nitrite ester was made by Kornblum and 
Oliveto (4) on 2-octyl nitrite at 100°. In this 
study, the authors continuallj- flushed the react- 
ing system with carbon dioxide and collected the 
gaseous products above 50 per cent potassium 
hj'droxide. The principal products of the reac- 
tion were found to be nitric oxide, 2-octanone, 
and 2-octanol as would be expected by the pre- 
mously postulated mechanisms for the vapor 
phase reaction. In addition, they found signi- 
ficant amounts of nitrogen, nitrous oxide, and 
carbon dioxide as gaseous products, and several 
acids and esters of various chain lengths as liquid 
products. The formation of these additional 
compounds was thought to arise from the cleav- 
age of 2-octanone by nitric oxide followed by 
esterification of 2-octanol by the acids formed. 

CHEMICAL NATURE OF PRODUCTS 

There seems to have been no earlier attempts 
made to establish the cliemical nature of the prod- 
ucts resulting from decomposition of isoamyl nitrite 
in ampuls. As a phase of the present investigation, 
both the liquid and the gaseous products formed 
during the breakdown of the ester in sealed ampuls 
were analyzed. 

Gaseous Products. — Gases isolated from com- 
mercial ampuls of the ester ranging in age from two 
to four years were anah'zed qualitatively and quan- 
titatively by both mass spectrometry and by gas 
chromatography. A typical analysis using gas 
chromatography (5) of the gaseous phase found in 
old amyl nitrite ampuls (Burroughs Wellcome & Co., 
Lot 143, date of manufacture November 26, 1951) is 
shown in Table I. The accuracy of the method is 
indicated by the data in Table II which gives the 


Table 1. — Percentage Composition of Gas 
Fount) in Old Amyl Nitrite Ampuls" 


Sample 

Xj 

N-O 

COi 

NO 

CO 

1 

50 

33 

15 

Trace 

Trace 

9 

4S 

35 

12 

Trace 

Trace 

3 

4S 

33 

19 

Trace 

Trace 

4 

48 

34 

16 

Trace 

Trace 

5 

49 

37 

14 

Trace 

Trace 

Av. 

49!’ 

34‘ 

15'' 




“ Burroughs Wellcome & Co., Lot 143, date of manufacture 
November 26. 1951. 

Refers to per cent by volume. 
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results of analysis of a mixture of similar gases of 
known composition. From this it is seen that the 
gas phase consisted of a mixture of nitrogen, nitrous 
oxide, carbon dioxide, and traces of nitric oxide and 
carbon monoxide. The presence of the large amount 
of nitrogen and the near absence of nitric oxide were 
rather surprising in view of the results obtained bj- 
earlier workers. No indication of any oxygen was 
found despite the fact that the ampuls were sealed 
under air. Because of this apparent ambiguity 
several experiments were conducted to illustrate 
possible routes bj' which nitric oxide could disappear ' 
from the system with the production of nitrogen 
and the other significant nitrogen containing gas. 
nitrous oxide. 

The observation of Kornblum and Oliveto (4) 
that nitric oxide is capable of reacting tvith 2-octa- 
none at 100° to yield liquid oxidation products and 
nitrogen, nitrous oxide, and carbon dioxide led the 
authors to investigate the possibility of a similar 
reaction with an aldehyde at a lower temperature. 
The results of anals’^zing the gas phase obtained from 
the reaction of «-butyraldehyde and nitric oxide at 
50° are seen in Table III. From these data it is 
seen that in only one case was there evidence of a 
reaction. In this case the resulting gaseous products 
were similar to those observed to be present in old 
amyl nitrite ampuls. 

i 

Table II. — Analysis of a Gaseous Mixture of I 
Known Composition by Gas CuROMATOCRAPiiy (5) 


Gas 

Oi 

Nj 

-% 

NiO 

CO: 

Known 

19 

38 

23 

19 

Found" 

17 

37 

24 

21 


® Average of five determinations. 


Table III. — ^Analysis of the Gas Phase 
Resulting from Reaction of Nitric Oxide and 
ji-Butyraldehyde at 50° 


Time, Hr. 

'n. 

NO 

N.0 

0 

2 

98 

0 

24.5 

2 

98 

0 

47.5 

67 

0 

22 

96.0 

2 

98 

0 

211.0 

8 

92 

0 

288.0 

6 

94 

0 


Wt. w-bufyraldehytle, 22 mg.; volume ampul. 2 5 ml . 
pressure filled under, 74 cm. Hg; temperature fined tin 
25®. 


Since the behavior of this reaction with time is 
ambiguous, it was thought possible that some 
catalytic species was inadvertently introduced into 
the particular ampul which showed complete de- 
struction of nitric oxide. Since contamination h> a 
small quantity of air would not be unlikely, anot icr 
experiment was performed in identical manner as 
before with the exception that the nitric oxide "as 
deliberately contaminated with oxygen. .-Is seen 
from Table IV in the presence of even the sma es 
concentration of oxygen, the nitric oxide rcac s 
with the aldehyde completely in the relative!) ® 
incubation time of twelve hours. In all proba n ' > 
the catalytic species is either nitrogen dioxi c or i 
dimer. This observation is substantiated )) ' 
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Table IV —Analysis of the Gas Phase 
Resulting from the Reaction of Nitric Oxide 
iiTTH A Trace of Nitrogen Dioxide and 
»-Butyraldehvde at 50° 


Time, Hr 

Oi Added 


NO 

NiO 

CO. 

0 

0 

2 

98 

0 

0 

12 

2 

68 

0 

20 

12 

12 

4 

64 

0 

25 

11 


Wt B-butyratdehydc. 22 mg , volume ampul, 2 5 ml . 
pressure ailed uuder, 74 cm Hg. and temperature Blled 
under, 25° 

work of Kuhn (7) who observed a similar phenom- 
enon in the case of nitric oxide oxidation of 
benzaldehyde. 

The ability of nitric oxide to react with aldehj'de, a 
reducing agent, prompted investigation into another 
possible nitrogen producing reaction, namet 5 ’ that of 
nitric oxide and the ester itself. By referring to 
Table V one sees that it appears as if nitric oxide will 
react with isoamyl nitrite itself under these condi- 
tions with the production of nitrogen, nitrous 
oxide, and carbon dioxide. These results are not 
entirely clear due to the likely presence of an alde- 
hyde. However, it is felt that the production of 
nitrogen is too rapid to be explained entirely on the 
basis of a possible aldeh 3 'de-nitric o.xide reaction. 

In order to ascertain whether nitric oxide would 
be found in a significant amount if the gaseous prod- 
ucts were continuallj' removed from the reacting 
system, an experiment similar to that of Kornblum 
and Oliveto was performed. The results are sum- 
marized in Table VI. The presence of potassium 
hydroxide precluded any analysis for carbon dioxide 
The increase of nitric oxide from the trace found in 
the case of the closed system to 40%, as indicated, is 
significant. 

The possibility of nitrous oxide, by virtue of its 
relatively low decomposition temperature and the 
exothermic nature of its decomposition, acting as a 
nitrogen producing intermediate was investigated 

Table V. — Analysis of the Gas Phase Resulting 
FROM THE Reaction of Isoajiyl Nitrite and 
Nitric Oxide at 50° 


% 


Time, Hr 

N, 

NO 

NjO 

CO, 

0 

2 

98 

0 

0 

23 

12 

86 

0 

2 

51 

22 

72 

1 

5 

72 5 

37 

59 

< 1% 

3 

120 0 

65 

< 1% 

12 

18 

190 0 

70 

Trace 

14 

16 


Ampul volume, 2 5 ml , wt isoomyl mtnte, 35 tnj; , tem 
perature at filling, 24 °, and pressure filled at, 74 cm Hg-. 


Table VI. — ^Analysis of the Gas Phase 
Resulting trom Degradation of 100 ml. of 
Isoamyl Nitrite at 70° in Reacting System 
Continually Flushed with Carbon Dioxide 
Gaseous Products Collected Above 50 Per Cent 
Potassium Hydroxide 


Time, hr.. . 48 

Nitrogen, %. . 5S 

Nitric Oxide, % . 40 

Nitrous Oxide, % 1 


Ampuls containing 35 mg. of isoamyl nitrite and 
filled under 76 cm. Hg pressure of nitrous oxide 
were incubated for 240 hours at 50°. Two addi- 
tional experiments were conducted in which the 
isoamyl nitrite was replaced with isoamyl alcohol 
and n-butyraldehyde. In each case the results indi- 
cated that no reaction occurred. 

Liquid Products. — Infrared absorption spectra of 
the liquid phase isolated from ampuls which were 
kept at 70° over a two week period showed a con- 
stant increase in carbonyl and organic nitrate ab- 
sorption. During the first seven or eight days of 
storage, two peaks were present in the carbonjd 
region at 5 S/t and 5 86/i, but only a single peak at 
5 82fi was present after two weeks. This would indi- 
cate that a transformation from acid to ester was 
occurring during the decomposition. The addition 
of oxj'gen was found to considerably increase the 
amount of nitrate and acid formed during the first 
several daj's of storage. 

Infrared absorption spectra of the fraction ob- 
tained from a fractional distillation of a sample 
kept for two weeks at 80° showed ester to be the 
predominant product, with acid, aldehyde, alcohol, 
and nitrate also present in lesser amounts. Char- 
acterization of the low and high boiling fractions by 
chemical means identified isoarayl isovalerate, iso- 
valerj’I aldehj'de, and isovaleric acid as being present 
in the liquid mixture. Water, which was present 
as an insoluble laj'er in the original decomposition 
mixture, accounted for approximately 8-10% of the 
total products. 

As previously mentioned, an experiment in which 
the ester was allowed to decompose in an open, 
flushed sj’stem was conducted. Infrared absorp- 
tion spectra of samples from this experiment col- 
lected over a twelve day period of storage at 70° 
showed that no significant degradation had occurred. 
This would indicate that the mechanism proposed by 
Steacie is not primarily responsible for the products 
of the degradation of isoamyl nitrite in the liquid 
phase in sealed ampuls 

A more thorough studj' based on vapor phase 
chromatographic separation of the reaction products 
has shown that at least 12 products are formed in 
the liquid phase. The results of this investigation 
will be published shortlj'. 

INFLUENCE OF TEMPERATURE 

The temperature dependenci' of the reaction was 
studied over the range of 50-80°. Figure 1 shows 
the increase in gas volume per ampul to be linear 
with time over the range studied. The measure- 
ments were carried out on commerciallj- prepared 
ampuls which were approxitnatelj' one year old. 
The amount of gas present in tlie ampuls at the be- 
ginning of the experiment varied from 4 to 6 cc., 
consisting largely of gases produced during storage. 
This volume of gas, representing from IS to 20% 
degradation, probably corresponded to the rapid 
phase of the reaction. This part of tlie reaction is 
responsible for the final, linear portion of the curx'c 
shown in Fig, 4 for ampuls filled under air. The 
average 10° temperature coefficient corresponds to 
approximately 2.4. The average heat of activation 
as determined from the Arrhenius plot (Fig. 2) for 
this portion of the degradative reaction was 20 
kcal./mole. 
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2 4 6 8 10 12 14 16 

TIME IN DAYS 

Fig 1. — A plot showing the effect of temperature 


different from that proposed by Steacie for the ther- 
mal decomposition of simple nitrite esters in the 
vapor phase. Steacie found that the rate of de- 
composition could be expressed in the form of the 
following rate equation 

k = 1.39 X 

for the overall reaction; 

2RCH.ONO RCHO -f RCH;OH -f 2X0 

It can be calculated from this rate equation that a 
period of twenty-four years would be required to 
give 10% decomposition at 70°. In the present 
study, it can be shown that 4.17 ml. of gas represents 
a minimum of 10% decomposition in ampuls con- 
taining 0.5 ml. of isoamyl nitrite, since one mole of 
the ester will decompose to form V: mole of nitrogen 
or nitrous oxide. If the initial rate is considered in 
the plot of gas volume against time for isoaniyl 
nitrite alone (Fig. 3, under air and vacuum), it can 
be seen that sixteen days is required to produce 
4.2 ml. of gas. Considering the final rate, only 2.G 
days is necessary to give this amount of gas. This 
very great difference in rates of decomposition found 
in the two studies can only be accounted for by a 
difference in reactions. This is also evident from 
the Considerably lower heat of activation which 
was found for the degradation of isoamyl nitrite in 
ampuls. 


on the rate of gas production per ampul. The com- 
mercial ampuls, containing 0.33 ml. of isoamyl 
nitrite and filled under air, were approximately one 
year old. 


"' 6.0 

*=^ 4.0 

o 



INFLUENCE OF OXYGEN, WATER, 
ALCOHOL, AND VOLUME OF ISOAMYL 
NITRITE PER AMPUL 

A second phase of this study included an investi- 
gation of the influence of oxygen, ivater, alcohol, and 


2.8 2.9 3.0 3.1 

l/T X 10’ 

Fig. 2. — -An -Arrhenius tj’pe plot for the decom- 
position of isoamyl nitrite in commercial ampuls. 
The ampuls were approximately one year old and 
contained 0.33 ml. of isoamyl nitrite filled under air. 


In considering the rate of decomposition which 
was found for isoamyl nitrite in sealed ampuls, it 
becomes apparent that the reaction involved is 


0 2 4 6 8 10 12 14 16 18 

TIME IN DAYS 

Fig. 3. — -.A plot showing the effect of oxygen .un 
sodium phosphate (solid) on the rate of 8“'’, I 
tion at 70° in ampuls containing 0.5 ml. of isoa > 
nitrite. (J) Ampuls filled under l.i 
of oxygen; (5) ampuls filled under air; , 

filleil under vacuum; (4) ampuls filled under \ . 
with 1% w/v trisorlium phosphate added. 
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volume of nitrite ester per ampul on the rate of gas 
formation. It was felt that this type of information 
would provide valuable clues concerning the causes 
of instability of the nitrite ester in ampuls. 

Effect of Oxygen. — It was noted previously that 
analysis of the gases present in ampuls which had 
been filled under air showed no oxygen present, 
indicating that oxygen was probably reacting during 
the breakdown. For this reason, it was felt de- 
sirable to investigate the effect of oxygen on the rate 
of gas formation. 

The data from this study are summarized in Fig. 3. 
When ampuls are filled under vacuum, there is a 
considerable period during which the formation of 
gas is relatively slow. After the eighth day at 70°, 
there is a very rapid increase in the rate, and it 
finally becomes linear with time. The shape of the 
curve suggests that autocatalysis is taking place 
during the reaction. It is highly probable that the 
first portion of the curve represents the period dur- 
ing which the catalytic species is slowly formed. 
After the concentration of the species reaches a 
sufficient level, the catalytic effect becomes verj' 
pronounced, accounting for the final rapid rate of 
gas formation. The linearity of the limiting rate 
with time might represent a balancing effect between 
the formation and disappearance of the catalytic 
species. 

The same type of curve was obtained when the 
ampuls were filled under air. However, the time 
required to reach a rapid rate of gas formation was 
considerably less, which suggests that oxj'gen is 
capable of forming the catalytic species. 


When the ampuls were filled under oxygen, 
nearly all of the oxygen had disappeared at the end 
of one hour. Then the rate of gas formation be- 
came rapid without showing any induction period. 
The_ oxygen evidently caused a sufficient concen- 
tration of the catalytic species to be formed im- 
mediately, resulting in an initial rapid rate. It is 
interesting to note tliat the final slope of the curves 
for the three cases are quite similar. 

Since nitric oxide appears to be an intermediate 
product of the reaction, oxygen apparently converts 
this gas to nitrogen dioxide. The nitrogen dioxide 
may be a catalytic species, or may react further to 
form another catalytic species. The fact that a 
catalytic effect was noted even when the ampuls 
were filled under vacuum indicates that oxygen is 
not necessary to form the catalytic species. 

Effect of Water. — The fact that nitrite esters 
would be expected to undergo hydrotysis quite 
readily in the presence of water, especially if acid is 
present, prompted a study of the effect of water on 
the reaction. As can be seen from Fig. 4, 0,8% 
water approximately doubles the rate of gas for- 
mation in tlic early stages of degradation. This 
docs not seem like a very large effect if hydrolysis of 
the ester were primarily responsible for the break- 
down. The fact that the effect is not as large as 
might be expeeted if hydrolysis were a factor could 
possibly be explained by the slight solubility of 
water m isoamyl nitrite. Also, acid ma 3 ' be present 
only m veiy- small quantity during tlie first part of 
Uic degradation, and tlius, may not appreciably 
catalyze the hydrolysis. 

Effect of Dehydrating Agents.— In view of the 
effect of water, it was expected that dehvdrating 
agents might decrease the degradation. Figure 4 



i'lg. 4. — ^A plot showing the effect of water, cal- 
cium sulfate, and magnesium sulfate on the rate of 
gas formation in ampuls containing 0.5 ml. of iso- 
luider vacuum and kept at 60°. 

2 ”^ydrous magnesium sulfate: (2) 
0.8% v/v water; (5) 10% w/v anhydrous calcium 
sulfate; (4) isoamyl nitrite alone. 


shows surprisingly that both anhydrous calcium 
sulfate and magnesium sulfate increased the rate of 
gas formation about to the same extent as water 
This apparent ambiguity is in all probability caused 
by some unknown catalytic effect of the dehydrating 
agents upon the reaction. Possibty, the agents 
possess sufficient acidity to catalyze the breakdown 


Effect of Ethanol and Nitrobenzene. — It can be 
seen from Fig. 5 that alcohol does not have any 
significant effect on the rate. This experiment was 
conducted at 51 , and therefore the rate of degrada- 
tion was relatively slow with no autocatalytic effect 
noted. Isoamyl nitrite is known to undergo a 
teansestoification reaction with ethyl alcohol to 
form ethjd nitrite. This reaction could increase the 
formation of gas only if ethyl nitrite decomposes at a 
isoamj-1 nitrite. Since only 
1% ethyl alcohol ww added, the amount of ethyl 
nitrite produced would necessarily be small 

any significant effect 
®as formation as shown in Fig 5 
Effect of Volume of Isoamyl Nitrite per Amnul — 
When the rates of gas formation at different voffimes 
of isoamyl nitrite from Fig. 6 are plotted agaffist 
volumes of isoamyl nitrite per ampul, a straight line 
IS obtained (Fig. 7). This shows that the ram of fas 
production per ampul is directly proportional to tye 
xolume of isoamyl nitrite per ampul. Since the 

the void pace above the liquid decreased as the 
volume of the liquid was increased. The results 
indicated that the gas produced by degradation i' 
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Fig, 5. — A plot showing the effect of nitrobenzene 
and ethyl alcohol on the rate of gas formation per 
ampul at 51°. The ampuls were filled under vacuum 
and contained 0 5 ml of isoamyl nitrite. 



PER AMPUL (ML) 

Fig. 7. — -A plot showing the rate of gas production 
per ampul to be directly proportional to the voluinc 
of isoamy! nitrite per ampul. 



gas production at 70°. The ampuls were filled 
under vacuum. (I) 1.5 ml. per ampul; (2) 1.0 ml. 
per ampul; (5) 0.5 ml. per ampul; (^/) 0.2 ml. per 
ampul. 


largely the result of reactions occurring in the 
liquid phase. This docs not necessarily mean that 
gas phase reactions are absent since the amount of 
isoamyl nitrite in the gas phase as compared to 
that in the liquid phase is so small as to make aii.v 
gas phase reaction appear negligible as far as con- 
tribution to the gaseous products is concerned. This 
study indicates that the practical shelf life of amyl 
nitrite ampuls is dependent upon the volume of 
isoamyl nitrite added to the ampuls. 

INFLUENCE OF ACID 

Since it has been shown by' other workers that 
acid may be a product of the reaction (0), the effect 
of addition of strong acid to isoamjd nitrite was 
investigated. Trichloroacetic acid in concentrations 
varying from 0.16 to 2% was added to ampuls con- 
taining 0.5 ml. of the ester. 

It can be seen from Fig. 8 that the reaction is 
very sensitive to acid. When acid is added in con- 
centrations of 0.5 to 2%, the rate of initial gas for- 
mation is very rapid, but gradually decreases to a 
constant value. The nature of the curves suggests 
that different reactions arc responsible for the initial 
and final stages of degradation. It can he seen 
from Fig. 9 that the initial rate is proportional to the 
square of the acid concentration. This suggests 
that two molecules of acid are involved in a reaction 
with the nitrite ester. It can be seen from Fig. 1 
that the terminal rate is directly proportional to I le 
acid concentration which would indicate th.at on } 
one molecule of acid is involved in that reaction. 

The behavior in the presence of strong acid during 
the initial phase might be accounted for by the acn 
catalyzing a transcstcrification reaction b'l'uin 
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gas production in ampuls containing 0.5 ml. of 
isoamyl nitrite filled under vacuum and kept at 
00°. (1) Isoamyl nitrite alone; (.2) 0.17% acid; 
13) 0.46% add; (4) 0.65% acid; (5) 0.87% acid; 
(6) 1.09% acid; (7) 1,51% acid; (S) 2.03% acid. 



Fig. 9. — A plot sliowing the initial rate of gas pro- 
duction per ampul to be proportional to the square 
of the concentration of acid added to isoainyl 
nitrite. 



Fig. 10 — .4 plot showing the terminal rate of gas 
production per ampul to be directly proportional to 
the concentration of acid added to isoamyl nitrite. 


itself and the nitrite ester. This could be repre- 
sented as follows: 

CCUCO-H 

ROKO CCUCOiH > 

CCljCOjR -h HNO; 
2HNO. — H:0 -f XOi 4- NO 

In a previous section, it was shown that the nitric 
oxide or nitrogen dioxide probably reacts further 
with aldehyde to produce a mixture of gases con- 
taining nitrogen as the principal component. 

In view of the fact that water has been shown to be 
a product, it is evident that trichloroacetic acid 
can catalyze the hydrolysis of the ester, as shown 
below; 

CClsCO-H 

RON'O + H:0 » ROH -f HNO- 

2HNOj KO -f NO> -h H:0 

The above results show that if a strong acid were 
formed during the degradation, it would in all 
probability show a cataljnic effect on the break- 
down reaction. The importance of elimmaUng the 
presence of acid in commercial amyl nitrite is also 
pointed to by the results of this study. 

EXPERIMENTAL 

Reagents. — The nitric oxide was prepared by the 
nitrometer reaction since commercial nitric oxide is 
often contaminated with small amounts of nitrogen 
dioxide. The isoamyl nitrite was Fisher reagent 
grade distilled under vacuum prior to being used. 
A sample of n-bulyraldchydc was obtained from a 
commercial lot by fractional distillation on 
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plate OIdersha« fractionating column, anahsis of 
tins sample re\ealed that it nas better than 0S% 
pure The remainder of the chemicals uere of the 
anahtical reagent grade 

Experimental Procedure for Analysis of Gaseous 
Products. — Liquid samples uere placed in cali- 
brated ampuls by means of a standardized dropper 
The ampul uas then placed m a bath of dr\ icc- 
.icetone and e\ acuated The \ arioiis gases in ques- 
tion Mere alloued to enter the eeacuated ampul 
through a sjstem of stopcocks and the freezing bath 
withdrawn in order to allow the ampul to warm up 
to room temperature When temperature equili- 
bration was reached the pressure was adjusted to 
atmospheric The stopcock connecting the gas 
source to the ampul was then turned off and the 
freezing bath replaced Bj' using a t ery fine flame 
from a blowpipe the ampul was sealed off from the 
remainder of the sj stem 

The gas analj sis was performed by gas chromatog- 
raphy using a silica column as pre\ loush described 

Gasometric Analytical Procedure. — An anah tical 
metliod w Inch permitted the volumes of gas produced 
in ampuls bj degradation to be measured proved the 
most suitable for this stud\ A schematic drawing 
of the apparatus is shown m Fig 11 The method 
consists essentially of breaking the ampuls m an 
evacuated chamber and then sweeping the decom- 
position gases into a semimicro nitrometer (Pregl 
t\ pe) w ith carbon dioxide The nitrogen containing 
decomposition gases displace the 50% potassium 
IndroMde in the nitrometer whereas the carbon 
dioxide IS completel} absorbed bj the alkali The 
volumes of gas are read in the graduated part of 
the nitrometer at existing barometric pressure and 
temperature, and are subsequent!} converted to 
\olumes at standard conditions Before breaking 
each ampul, a small amount of carbon dioxide was 
passed into the nitrometer to see if the air had 
been completeh swept out of the sj'stem The 
breaking chamber w as then evacuated and the ampul 
broken bj lowering a pohethjdene coated non bar 
onto It with an electromagnet The gas was next 



Figure 11. 


swept into the nitrometer and the final volume 
read after the bubbles of gas completely dissohed 
again in the potassium hj droxide 

The solubihtj of nitrous oxide in 50% potassium 
hj droxide was determined since this gas is .ippre- 
ciably soluble in w atcr The gas w as found to be, 
for practical purposes, insoluble under conditions of 
the analj tical procedure 

Ampuls for Gasometric Study. — Coiiimerci ilh 
a\ ailable ampuls made of resistant glass, and ha\ mg 
a total volume of approxini.itcU 2 ml were iiseil 
111 all of the experiments, except for whm flic effect 
of changing the volume of isoamyl nitrite w as studied, 
0 5 ml of isoamyl nitrite w as introduced into each 
ampul w itli a 1 0 ml volumetric pipet The ampuls 
were sealed at a calibration mark to haic a total 
volume of 2 10 ml 

The ampuls were filled under vactiuni bj’ con- 
necting the ampul directlj' to a vacuum sjstcni 
The ampuls containing isoamjl nitrite were 1111 - 
inersed m a drj’ ice-acetone mixture during e\ .iciia- 
tion to prevent loss of the ester and then sc.ilcd 
while remaining 111 the mixture In filling ampuls 
under oxygen, the gas was allowed to displace the 
air in tlie ampuls while tliej' were immersed in a 
drj’ ice-acetone mixture Thej' were subsequenth 
sealed. 

Commerciallj’ made ampuls eoiitainmg 0 33 ml. 
of amyl nitrite were used for the temperature dc- 
pendenej- study These ampuls were approxi 
niatcly one year old Ampuls were taken from a 
single commercial lot for each temperature studied 
The volumes of gas from at least four ampuls were 
averaged for the final reading at each time mtcnal 
In all of the other experiments, the rohnnes from 
two ampuls were averaged for each reading 

Decomposition of Samples in Gasometric Study. — 
Each batch of ampuls was placed in a light resist iiit. 
wide mouth bottle, and the bottle was placed in .1 
thermostaticallj’ controlled bath set to the dcsirtd 
temperature Samples were withdrawn at suitable 
intervals and were stored in the refrigerator until 
used 

A blank consisting of ampuls filled with isoanni 
nitrite alone was run for each experiment since the 
rate of gas formation was found to differ between 
blanks 
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Kinetics of Degradation of Amyl Nitrite Ampuls IL* 

Stabilization 


By MARTIN H. YUNKERf and TAKERU HIGUCHI 

It is shown that the stability of amyl nitrite ampuls can be greatly increased by the 
addition of various substances — including potassium carbonate (solid), trisodium 
phosphate (solid), magnesium oxide (solid), pyridine (dissolved), and diphenyl- 
amine (dissolved). The mechanism of stabilization appears to involve behavior ot 
these agents as sinks for nitrogen dioxide and/or nitric acid produced during the 
breakdown. The degree of stabilization achieved suggests that the shelf life ol the 
nitrite ester can be readily prolonged as much as tenfold as compared to present 

commercial products. 


S INCE isoamyl nitrite (amyl nitrite U. S. P.) 

undergoes serious degradation in ampuls, 
with formation of considerable gas, the present 
study was undertaken to investigate possible 
methods of stabilization. No previous attempt 
appears to have been made to stabilize alkyl 
nitrites. 

In a previous publication (1), it was suggested 
that the relatively rapid formation of gas in 
amyl nitrite ampuls was due to the autocatalytic 
nature of the reaction, a catalytic species being 
progressively produced during the degradation 
process. Since it was shoivn that the rate was 
substantially increased by addition of a strong 
acid, the possibility arose that an acid might be 
accelerating the decomposition. Investigations 
were, therefore, conducted to determine the ef- 
fect of alkaline substances on the rate of gas for- 
mation in amj’-l nitrite ampuls. 

EXPERIMENTAL 

Reagents. — The isoamyl nitrite used for this 
study was reagent grade material which was vacuum 
distilled immediately before use, the middle fraction 
from the distillate being employed. 

Procedure. — The experimental procedure and tlie 
method of analysis were essentially the same as those 
used for Part I of this scries. 

The agents used in this study fell into four cate- 
gories: (A) a strong base (triethylaraine); (B) solid 
acid absorbents (potassium carbonate, sodium phos- 
phate, magnesium oxide, and sodium bicarbonate); 
(C) a weak base (pjTidine); and (D) those amines 
which are neutral, but might be expected to react 
with nitric acid (diphenylamine, pnrn-nitromcthyl- 
anilinc). The cftecls of the agents were studied in 1 
to 2% w/v concentration added to ampuls contain 
ingO.5 ml. of isoamyl nitrite. Generally the ampuls 
were filled under vacuum unless otherwise indicated. 
The water-soluble salts were added to isoamyl ni- 
trite by dissolving them in a measured volume of dis- 
tilled water, and then introducing a suitable aliquot 

* Received Februarj- 13, 19oS. from the School of Phaj- 
m.acy. University of Wisconsin, M.adi5on. This stiidv was 
supported in p.art by a contmet with the Armed S'ers-icc 
Medical Proeiirement Aecnev. Brooklyn, N Y 

t Present address: .Merck. .Sharji and Dohmc, Phila- 
delphia, Pa. 


of this solution into the ampul. The water was sub- 
sequently evaporated off, and the isoamyl nitrite 
then added. A blank consisting of ampuls filled 
with isoamyl nitrite alone was run for each experi- 
ment. 

Analysis of the Carbonate. — The residue from 
several ampuls of isoamyl nitrite to which 5% car- 
bonate had been added was separated by filtration, 
and washed thoroughly with ether to extract all of 
the isoamyl nitrite. Qualitative tests were used to 
determine if nitrite and nitrate were present. Total 
nitrite and nitrate were determined quantitatively 
by the nitrometer metliod (2), and nitrite alone by 
the permanganate method (3). 

RESULTS 

Strong Base. — The effect of the addition of 1% 
v/v triethylamine to isoamyl nitrite on the rate of 
gas formation per ampul is shown in Fig. 1. It is 
seen that the rate is very rapid at first, and then 
decreases as the reaction proceeds. Since the rate is 
considerably greater than with isoamyl nitrite alone, 
it appears that strong bases are not suitable for 
stabilization of isoamyl nitrite. 

After addition of the triethylaraine to isoamyl 
nitrite, a precipitate formed immediately, indicating 
that a reaction had taken place. Possibly the ni- 
trite salt of the tertiary amine was formed by cleavage 
of the ester, in some manner. 

Solid Acid Absorbents. — The data in Fig. 2 show 
that when 2% w/v potassium carbonate is added to 
the isoamyl nitrite ampuls, the increase in volume of 
gas per ampul is much less than that for isoam 5 -I 
nitrite alone. These results indicate that isoamyl 
nitrite can be stabilized in ampuls by the addition of 
alkaline salts which are capable of reacting with an 
acidic, catalytic specie formed during the degrada- 
tion. It might be expected that the ability to 
neutralize the acid, and thus stabilize the ester, 
would depend upon the amount of the alkaline salt 
added. This is shoa-n to be true by the data in Fig. 
3, from which it can be seen that 0.1% carbonate 
was very slightly effective wliercas 2% carbonate 
was very effective in stabilizing the isoamyl nitrite. 
.As the concentration of the carbonate was increased 
the induction period became longer, and finally with 
2% carbonate, no catah-tic effect appeared in the 
curve. 

If a 10 degree temperature coefficient of 2,4 is used 
for tlie reaction (1), the 10 day period of .stabiliza- 
tioii with 2% carbonate shown in Fig. 3 is equivalent 
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plate OldershaM fractionating column, analysis of 
this sample revealed that it i\as better than f)S% 
pure The remainder of the chemicals were of the 
analrtical reagent grade 

Experimental Procedure for Analysis of Gaseous 
Products. — Liquid samples were placed m cali- 
brated ampuls by means of a standardized dropper. 
The ampul was then placed m a bath of dr\ ice- 
•icetone .and evacuated The \ ariuiis gases in ques- 
tion were allowed to enter the evacii.itcd ampul 
through a s\stem of stopcocks and the freezing bath 
withdrawn in order to allow the ampul to warm up 
to room temperature When temperature equili- 
bration was reached the pressure was adjusted to 
atmospheric The stopcock connecting the gas 
source to the ampul was then turned off and the 
freezing bath replaced By using a very fine flame 
from a blow pipe the ampul w as sealed off from the 
remainder of the system 

The gas analysis was performed by gas chromatog- 
raphy using a silica column as previously described 

Gasometric Analytical Procedure. — An analytical 
method w Inch permitted the volumes of gas produced 
in ampuls by degradation to be measured proved the 
most suitable for this study A schematic drawing 
of the apparatus is show n m Fig 1 1 The method 
consists essentially of breaking the ampuls in an 
evacuated chamber and then sweeping the decom- 
position gases into a semimicro nitrometer (Pregl 
type ) w ith carbon dioxide The nitrogen containing 
decomposition gases displace the 50% potassium 
hvdroxide in the nitrometer whereas the carbon 
dioxide is completely absorbed by the alkali The 
volumes of gas are read m the graduated part of 
the nitrometer at existing barometric pressure and 
temperature, and are subsequently converted to 
volumes at standard conditions Before breaking 
each ampul, a small amount of carbon dioxide was 
passed into the nitrometer to see if the air had 
been completely swept out of the system The 
breaking chamber w as then evacuated and the ampul 
broken by lowering a polyethylene coated iron bar 
onto It with an electromagnet The gas was next 



swept into the nitrometer and the final volume 
read after the bubbles of gas ennipletcly dissohed 
again in the potassium hj droxide 

The solubility of nitrous oxide in 50% potassium 
hydroxide was determined sinee this gas is appre- 
ciably soluble in water. The gas was found to be, 
for practical purposes, insoluble under eonditions of 
the analytieal proeedure 

Ampuls for Gasometric Study. — Coniincroialh 
asail.able ampuls made of resist.uit glass, and li.iMiig 
a total volume of approxini.itely 2 ml were used 
In all of the experiments, except for when the effect 
of changing the volume of isoamyl nitrite w as studied, 
0 5 ml. of isoamyl nitrite was introduced into each 
ampul witli a 1 0-ml volumetric pipet. The ampuls 
were sealed at a calibration mark to have a total 
volume of 2 10 ml 

The ampuls were filled under vaciiuin by con- 
necting the ampul directly to a vacuum system. 
The ampuls containing isoamyl nitrite were im- 
mersed in a dry ice-acetone mixture during c\ .icu.i- 
tion to prevent loss of the ester and then se.ded 
while remaining in the mixture. In filling ampuls 
under oxygen, the gas was allowed to displace the 
air 111 tlie ampuls while they were immersed in a 
dry' ice-acetone mixture They were siibsequcntlj 
sealed. 

Commercially made ampuls containing 0 33 ml. 
of amyl nitrite were used for the temperature de- 
pendency study These ampuls were approxi 
mately one year old. Ampuls were taken from a 
single commercial lot for each temperature studied 
The volumes of gas from at least four ampuls were 
averaged for the final reading at each time interval 
In all of the other e.xperiraents, the volumes from 
two ampuls were averaged for each reading. 

Decomposition of Samples in Gasometric Study.— 
Each batch of ampuls was placed in a light resistant, 
wide mouth bottle, and the bottle was placed in a 
thermostatically controlled bath set to the desired 
temperature. Samples were withdraw n at suitable 
intervals and were stored in the refrigerator until 
used. 

A blank consisting of ampuls filled with isoaniil 
nitrite alone was run for each experiment since the 
rate of gas formation was found to differ between 
blanks 
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Kinetics of Degradation of Amyl Nitrite Ampuls II.* 


Stabilization 


By MARTIN H. YUNKERf and TAKERU HIGUCHI 

It is shown that the stability of amyl nitrite ampuls can he greatly incrpsed hy the 
addition of various substances— including potassium carbonate (solid), trisodjmn 
phosphate (solid), magnesium oxide (solid), pyridine (dissolved), and diphenyl- 
amine (dissolved). The mechanism of stabilization appears to involve behavior of 
these agents as sinks for nitrogen dioxide and/or nitric acid produced dming the 
breakdown. The degree of stabilization achieved suggests that the shelf life of the 
nitrite ester can be readily prolonged as much as tenfold as compared to present 

commercial products. 


S INCE isoamyl nitrite (amyl nitrite U. S. P.) 

imdergoes serious degradation in ampuls, 
with formation of considerable gas, the present 
study was undertaken to investigate possible 
methods of stabilization. No previous attempt 
appears to have been made to stabilize alkyl 
nitrites. 

In a previous publication (1), it was suggested 
that the relatively rapid formation of gas in 
amyl nitrite ampuls was due to the autocataljdic 
nature of the reaction, a catal 3 dic species being 
progressively produced during the degradation 
process. Since it was shown that the rate was 
substantially increased b)' addition of a strong 
acid, the possibility arose that an acid might be 
accelerating the decomposition. Investigations 
were, therefore, conducted to determine the ef- 
feet of alkaline substances on the rate of gas for- 
mation in amjd nitrite ampuls. 

EXPERIMENTAL 

Reagents. — ^The isoamyl nitrite used for this 
study was reagent grade material which was vacuum 
distilled immediately before use, the middle fraction 
from the distillate being employed. 

Procedure. — The experimental procedure and tlie 
method of analysis were essentially the same as those 
used for Part I of this series. 

The agents used in this study fell into four cate- 
gories: (A) a strong base (triethylamine) ; (B) solid 
acid absorbents (potassium carbonate, sodium phos- 
phate, magnesium oxide, and sodium bicarbonate); 
(C) a weak base (pyridine): and (D) those amines 
which are neutral, but might be expected to react 
with nitric acid (diphenylaminc, para-nitrometliyl- 
aniline). The effects of the agents were studied in 1 
to 2% w/v concentration added to ampuls contain 
ingO.5 ml. of isoamyl nitrite. Generally the ampuls 
were filled under vacuum unless otherwise indicated. 
The water-soluble salts were added to isoamyl ni- 
trite by dissolving them in a measured volume of dis- 
tilled water, and tlien introducing a suitable aliquot 

* UcccivMl Eebruarv 13, 195S, from the School of Pha.- 
macy. University of Wisconsin, Madison. This study sras 
supported in part by a contract with the Armed .Service 
Medical Procurement Arenev, Brootlvn, X V. 

t Present address: Merck, Sharp' and Dohroc, Phila- 
delphia, Pa, 


of this solution into the ampul. The water was sub- 
sequently evaporated off, and the isoamjd nitrite 
then added. A blank consisting of ampuls filled 
with isoamyl nitrite alone was run for each experi- 
ment. 

Analysis of the Carbonate. — The residue from 
several ampuls of isoamyl nitrite to which 5% car- 
bonate had been added was separated by filtration, 
and washed thoroughly witli ether to extract all of 
the isoamyl nitrite. Qualitative tests were used to 
determine if nitrite and nitrate were present. Total 
nitrite and nitrate were determined quantitatively 
by the nitrometer method (2), and nitrite alone b3’ 
the permanganate method (3). 

RESULTS 

Strong Base. — ^The effect of the addition of 1% 
v/v triethjdamine to isoamyl nitrite on the rate of 
gas formation per ampul is shown in Fig. 1. It is 
seen that the rate is very rapid at first, and then 
decreases as the reaction proceeds. Since the rate is 
considerably greater than with isoamyl nitrite alone, 
it appears Uiat strong bases are not suitable for 
stabilization of isoamyl nitrite. 

After addition of the triethydamine to isoamyl 
nitrite, a precipitate formed immediately, indicating 
that a reaction had taken place. Possibly the ni- 
trile salt of the tertiary amine was formed bj' cleavage 
of the ester, in some manner. 

Solid Acid Absorbents. — The data in Fig. 2 show 
that when 2% w/v potassium carbonate is added to 
the isoamyl nitrite ampuls, the increase in volume of 
gas per ampul is much less than that for isoamyl 
nitrite alone. These results indicate that isoamyl 
nitrite can be stabilized in ampuls by the addition of 
alkaline salts which are capable of reacting with an 
acidic, catalytic specie formed during the degrada- 
tion. It might be expected that the ability to 
neutralize the acid, and thus stabilize the ester, 
would depend upon tlie amount of the alkaline salt 
added. This is shown to be true by the data in Fig. 
3, from which it can be seen that 0.1% carbonate 
was very slightly effective whereas 2% carbonate 
was very effective in stabilizing the isoamyl nitrite. 
As the concentration of the carbonate was increased, 
the induction period became longer, and finally with 
2% carbonate, no catalytic effect appeared in the 
curve. 

If a 10 degree temperature coefficient of 2.4 is used 
for the reaction (1). the 19 day period of stabiliza- 
tion with 2% carbonate show n in Fig. 3 is cquivalcnl 
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Fig. 1. — A plot showing the effect of tricthylaminc 
and trichloroacetic acid on the rate of gas formation 
per ampul at 00°. The ampuls contained 0.5 ml. of 
amyl nitrite fdled under vacuum. 



TIME IN DAYS 

Fig. 2 . — A plot showing how the addition of 
potassium carbonate (solid) to amyl nitrite affects 
the rate of gas production per ampul at 70°. The 
ampuls contained 0.5 ml. of amyl nitrite filled under 
vacuum. 


to 2 years at room temperature. The volume of 
gas (1.40 cc.) produced during this period is much 
less than that amount (7 to 8 cc.) found necessary to 
cause commercial ampuls to e.\plode. It should be 
noted also that commercial ampuls contain only 
0.33 ml. of isoamyl nitrite, thus the volume of gas 
produced in them would be less than in this experi- 
ment where the ampuls contained 0.5 ml. It was 
shown in the previous article that the rate of gas pro- 
duction was directly proportional to the volume of 
isoamyl nitrite in the ampuls. 

Sodium phosphate was also found to stabilize 
isoamyl nitrite in ampuls against gas formation, but 
to a slightly lesser degree than carbonate (Fig. 4). 
Magnesium oxide was more effective than sodium 
phosphate, perhaps because it is more alkaline. It 
can be seen in Fig. 5 that 2 % w/v sodium bicarbon- 
ate substantially reduces the volume of gas per 
ampul. However, it is the least effective of the 
above acid absorbents, probably because it is also 
the least alkaline. 

Since the above studies were conducted at 70°, it 
was decided to test the effectiveness of alkaline 
salts at a lower temperature. Four batches of 
ampuls containing; isoamyl nitrite fdled under 
vacuum, isoamyl nitrite with 2 % NajPOi filled 
under vacuum, isoamyl nitrite with 2% NajPOi 
filled under air, and isoamyl nitrite with 2% K-COj 
filled under vacuum were heated at 50° for 12 weeks. 
The results are summarized in Table I. They show 
that potassium carbonate is more effective at a lower 
temperature, having completely stopped the produc- 
tion of gas during a 12-week period. Sodium phos- 
phate is seen to have substantially reduced tlic 



TIME IN DAYS 


Fig. 3. — A plot showing the effect of varying 
concentration of potassium carbonate on Ine r.i 
of gas production per ampul of amyl nitrite a ' • 

The ampuls contained 0.5 ml. of amyl nitrite 
under vacuum. 
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Fig 4 — plot sboTung the effect of tnsodium 
phosphate (solid) and magnesium o\ide (solid) on 
the rate of gas formation in ampuls containing 0 5 
ml of amjl nitrite filled under vacuum 


amount of gas, both m ampuls filled under vacuum 
and under air 

The residue from ampuls stabilized with potas 
Slum carbonate responded positive to qualitative 
tests for nitrite and nitrate Results of a quantita- 
tive analysis of the residue for nitrite and nitrate 
showed that 2 3 moles of nitrate were formed for 
each mole of nitrite, and that 40% of the 25 mg of 
carbonate in each ampul had been neutralized 
Since one mole of isoamyl nitrite w ill react to form 
one mole of nitrite or of nitrate, it can be calculated 
that 3 8% of the ester had been decomposed by the 
above route In considenng that the experiment 
was run at 80° for 14 days, this is a relatively small 
amount of degradation The nitrate found by the 
analj sis could possibly be accounted for by a reac- 
tion between nitrogen dioxide and carbonate as re- 
ported by Addison and Lewris (4) This would be 
represented by the following equation 



TIME IN DAYS 


Fig 5 — plot showing how the addition of p- 
nitromethy] aniline (dissolved), pyridine (dissolved), 
and sodium bicarbonate (solid) affects the rate of 
gas production per ampul at 70° All ampuls con- 
tained 0 5 ml of am> 1 nitrite filled under air 1, 
1% ^nitromethjl aniline, 2, isoamjl nitrite 
alone, 5, 2% sodium bicarbonate, 4, 2% pjndme 


K-CO, -b SNOj — 2KN05 -f- CO- -f NO 

However, nitrate might also be formed by neutrali 
zation of nitric acid The nitrite is most probably 
formed by neutralization of nitrous acid bj' the car- 
bonate These results defimtelv suggest that nitric 
acid or nitrogen dioxide is the catalj tic specie formed 
dunng the degradation 

Pyridine. — It was desnable to determine what 
effect a weak organic base might ha\e on the reac 
tion since it w as pre vioush show n that a strong or 
game base increased the degradation It can be 
seen from Fig 5 that the addition of 2% v/v p\ri 
dine to amvl nitrite ampuls greath decreases the 
volume of gas formed after a considerable period of 
storage at 70° As with potassium carbonate, the 
pjndine has completeh eliminated the autocatalj sis 


Table I — The Volumes" of Gas Formed at 60° ix Ampuls Coxuaixing 0 5 ml of Amvl Nitrite 
After Addition of 2% (w'/v) of K.COs ax-d NasPOi 


Storage Time 

0 

2 

4 

6 

$ 

10 

12 

wk 


\vk 

Vlk 

wk 

TTk 

Amvl Nitrite — under vacuum 

0 

1 IS 

2 98 

4 35 

11 6 

All ampuls 
had broken 

2% NajPOi added— under v acuum 

0 

0 67 

0 98 

1 10 

1 57 

1 82 

2 78 

2% NajPOi added — under air 

1 24 

1 39 

1 62 

1 78 

2 14 

2 42 

2 75 

2% K"CO: added — under \ acuum 

0 

0 09 

0 09 

0 15 

0 19 

0 16 

0 04 


Volumes of gos in ml corresponding to 0® at 7r0 mm of mcrcurj pressure 


/ 
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noted for isoamyl nitrite alone. Since pj-ridine 
would not be expected to be nitrated bj' nitrogen 
dioxide, it appears that it may stabilize the ester by 
neutralizing nitric acid. In support of this theory, 
Addy and Mcbeth (5), attempting nitrosation of 
pjTidine with isoamyl nitrite, isolated pj-ridine ni- 
trate from a mixture of the two which had been al- 
lowed to stand for a few days. The fact that pyri- 
dine exhibits a favorable influence whereas triethyl- 
amine did not is probably due to pjTidine being a 
much weaker base, and thus, not being able to cause 
cleavage of the ester. 

Diphenylamine. — Since diphenylamine has been 
used for the stabilization of nitrocellulose, it seemed 
advisable to investigate its effect on the reaction. 
From Fig. 6 it can been seen that 1% w/v diphenyl- 
amine essentially stops the formation of gas during 
14 days of storage at 70°. Upon addition of the 
amine, the color of isoamyl nitrite was changed to a 
deeper yellow, and a precipitate formed after several 
days of heating. The yellow precipitate melted over 
a considerable range of temperature, and did not 
show an 3 ' improvement after recrystallization. It 
gave a red color with sodium hj'droxide solution 
characteristic of nitro compounds. The solid was 
chromatogrammed according to the procedure of 
Schrocder (6). After repeated rechromatography, 
two colored compounds were separated on the 
column which were identified as 2,4'-dinitrodiphenj'l- 
amine and 4,4’-dinitrodiphen}’lamine bj’ comparing 
their ultraviolet spectra (Fig. 7) with those listed 
for dinitro derivatives of diphenjdamine bj- Schroe- 
der (7). The location of the maxima and minima 
agree verj- well; however, tlie ratios of D max./D 



I 1 I I.. I I I I— 

0 2 4 6 8 10 12 14 


TIME IN DAYS 

Fig. G. — plot showing how the addition of 
diphenylamine (dissolved) to amyl nitrite affects 
the rate of gas production per ampul at 70°. The 
ampuls contained 0.5 ml. of amyl nitrite filled under 
air. 



Fig. 7. — Ultraviolet spectra of the nitro deriva- 
tives of diphenjdamine formed when diphenylamine 
is added to amjd nitrite. 


min. of our compounds were lower, indicating that 
they' were less pure. The melting points of onr 
compounds were also slightlj' lower: 

Listed iround 

2,4'-dinitro D. P. A. 220° 217° 

4,4'-dinitro D. P. A. 216° 210° 

The color reactions were identictil to those reported 
by Ashdown and Davis (8). 

These results indicate that diphenjdamine is prob- 
ablj' nitrated bj' nitric acid formed during the 
reaction. It is interesting to note that Ashdown and 
Davis were able to isolate the same two dinitro de- 
rivatives from nitrocellulose wdiich had been sta- 
bilized with diphenjdamine. Schroeder reports that 
diphenjdamine stabilizes nitrocellulose by contin- 
uously’' combining with nitrogen acids and oxides 
which arise during the decomposition, and thus, de- 
creases the autocatalylic effect of these products on 
the further decomposition of the nitrocellulose. 
There are two possible mechanisms by wdiich the 
dinitro derivatives might be formed: (A) the classi- 
cal method which consists of a series of nitrosations, 
rearrangements, and oxidations, or (B) a series of 
nitrosations, denitrosations, and nitrations as pro- 
posed by Schroeder (6). The second scheme does 
not involve any’ rearrangements or formation of C- 
nitroso compounds, but only' nitrosation of the di- 
phenjdamine itself. Although we did not isolate 
the N-nitroso compound, it is probably formed dur- 
ing the reaction since alkyl nitrites are known to he 
nitrosating agents, 

Porfl-Nitromethylaniline. — Gallaghan and Pineus 
(9) reported that N-alkjd nitro anilines whieh con- 
tain an alkjd group such as Me, Et, iso-Pr , and also 
contain a nitro in either the 3 or 4 po.sition on the 
ring were superior to diphenjdamine for stabilizing 
nitrocellulose. They’ stated that the compounds 
were sufficiently neutral and absorb nitric acid am 
highly oxidized nitrogen atoms. Therefore, it "•>' 
thought that these compounds might also prosi. 
useful for stabilizing isoamjd nitrite. . 

The results in Fig. 5 surprisingly show that ,i 
w/v of f>-nitromethylaniline increased the vo nnn 
of gas produced per ampul. Why this coint'"'”" 
should not stabilize isoamjd nitrite while diphcnj i- 
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mine does is not easily explained. Possibly the two 
compounds react with nitric acid by different 
mechanisms and this in some way accounts for their 
different behavior toward isoamyl nitrite. It is 
noteworth^^ that Callaghan and Pincus stated that 
diphenylamine reacts with nitric acid and nitrogen 
dioxide to produce nitric oxide whereas the N-alkjd 
nitro anilines rapidly absorb nitrogen dioxide and 
nitric acid without reducing them. 

Confirmation of Stabilization by Infrared Spectral 
Analysis. — Although it has been shown that car- 
bonate will stop the gas formation in amyl nitrite 
ampuls, the question existed whether anj^ changes 
were occurring in the liquid phase. For this reason, 
the infrared absorption spectrum of isoamyl nitrite 
which had been heated for 12 weeks at 50° in the 
presence of carbonate, and had shown no gas forma- 
tion, and the spectrum of isoamyl nitrite alone that 
had been heated for 8 weeks at 50° were obtained. 
In comparing these with the spectrum of pure iso- 
amyl nitrite, it was found that no significant change 
had occurred in the spectrum of the stabilized iso- 
amyl nitrite. The spectrum of the unstahilized 
control sample, as expected, indicated that it had 
undergone extensive degradation, with considerable 
ester and nitrate formation. These results show 
that when isoamyl nitrite is stabilized against gas 
formation in ampuls, it does not undergo any sig- 
nificant decomposition. 

DISCUSSION 

The results of these studies indicate that the addi- 
tion of solid acid absorbents such as potassium car- 
bonate, or of diphenylamine, to isoarayl nitrite ma 3 ' 
prove useful in preventing loss of amj’l nitrite am- 
puls due to gas formation. This would be of partic- 
ular advantage when the ampuls are stored for a 
prolonged period. 

It has been shown that nitric acid which is formed 
during the decomposition probably catah'zes the 
degradation of isoamyl nitrite in ampuls. In the 
previous article, it was noted that nitric oxide was 
formed during the reaction, and also that oxj-gen had 
a catalytic effect on the degradation. Water was 


also reported to be a product of the reaction. In 
considering these facts, the formation of nitric acid 
might be explained by the following scheme: 

2NO -b O 2 2 NO 2 

3 NO 2 + H:0 2 HNO 3 + NO 

This could account for the catal 3 d:ic effect of oxj'gen 
previousl}' reported. However, since catalj’-sis was 
also noted when the ampuls were filled under vac- 
uum, it appears that another reaction is involved by 
which nitric acid can be formed. It was shown pre- 
viouslj’' that all of the oxj’gen disappeared in a short 
time from the ampuls, so the above scheme could 
account for onlj' an initial formation of nitric acid. 
Further work on the decomposition needs to be 
done to clarify this phase. The effect of nitric acid 
on the reaction is probably similar to that of tri- 
chloroacetic acid previouslj' noted. It can catalj'ze 
the hj’drolj'sis of isoamjd nitrite to the alcohol and 
nitrous acid with the latter breaking down further to 
nitric oxide and nitrogen dioxide. There is also 
some evidence that the acid might be catalyzing a 
transesterification reaction between itself and iso- 
amjd nitrite, 

RONO + HNO 3 RONOj + HNO; 
2HNOj H 2 O -k NO -f NO. 

since it has been shown in the prerdous article that 
an organic nitrate is continuousls’ formed during the 
reaction. 
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The Reserpine, Rescitinamine, and Deserpidine 
Content of Rauwolfia Roots* 


By DANIEL BANES, ALBERT E. H. HOUR, and JACOB WOLFF 


The alkaloids reserptne, rescinnamine, and 
deserpidine occurring in the roots of various 
I^uwolfia species are separated by column 
chromatography, and determined by ultra- 
violet spectrophotometry. 


Ceverae methods have been published on the 
determination of reserptne in rauwolfia root. 
Kidd and Scott (1) isolated the alkaloid by 
countercurrent distribution, and anal 3 'zed the 
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fractions by ultraviolet spectrophotometry. Their 
assay values on small representative samples from 
S-Kg. batches of powdered root were in excellent 
agreement with tlie actual yield of cr_vstalline 
rcserpine from the entire batch. Sakai and 
Alcrrill (2) emplo.ved paper ionophoresis for the 
separation of rauwolfia alkaloids, and corrected 
the observed ultrawolet absorption of tlie reser- 
pinc fraction for absorbing contaminants. De- 
chene (3) extracted the feebly basic alkaloids of 
Jiatiwoljia serpeutitm from dilute suIfuriQ acicj 
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solution nitli chloroform, treated tlie extracted 
alkaloids nitli liidrogen peroxide in acid solu- 
tion and calculated the fluorescing substances 
indiscriminateh as reserpine 

Carol and his collaborators (4) ha\ e anah zed 
Rau'doIJia serpentina for both reserpine and res- 
cinnamine Thet separated a feeblj basic alka- 
loidal fraction b\ liquid liquid partition chro- 
matograph^ on columns liMlroljzed the alka- 
mine esters extracted the acids obtained, and de 
termined trlmethox^ benzoic and trimethoxy 
cinnamic acids simultaneoush bj ultraviolet 
spectrophotometn The same group (5) later 
published a colorimetric procedure for the “re 
serpine rescinnainme group alkaloids” in Ran 
uolfia serpentina based on tlie nitrite test of 
Szalkouski and Mader (G), and showed that the 
two methods Melded concordant results The 
nitrite procedure was studied collaboratii elj in 
se^eral laboratories and is being considered for 
adoption as the official assai procedure for the 
Xational Forniulari (7) 

Deserpidine, an alkaloid hrst found in Ran 
uolfia cancsceiis (8) has been stated (9) to occur 
as a minor constituent in several Rauwolfia 
species However, no quantitatue data have 
been published on the concentration of this po 
tent alkaloid in the roots of an} species Ha} den 
Ford and Houk (10) hate emplo}ed column 
partition chromatograpln for the complete sepa 
ration of deserpidine reserpine and rescinnamine 
in eluates suitable for spectrophotometric mcas 
urement' e hat e adapted their procedure to 
extracts of Rauwolfia serpentina Rauwolfia 
caiiescens Rauwolfia loniitona and Rauwolfia 
Iietcropinlla 

EXPERIMENTAL 

Find} powdered rauwolfia root (5-10 Gni ) was 
extracted in a Soxhlet extractor with alcohol for 
four hours, and the extract was diluted to 100 ml 
Tlie reserpine rcscmnainine group alkaloids m a 
20 ml aliquot were separated bj the procedure of 
Banes, ct a! (5) The combined chloroform ex 
tracts were mixed with 30 ml of alcohol, and etap 
orated to drt ness under t acuum at a temperature 
below 70° The residue was dissohed in about 1 
ml of chloroform and the solution was transferred 
w itli the aid of se\ eral 0 5 ml portions of chloroform 
to a beaker containing 2 Gm of siliceous earth 
\fter thorough mixing, the sohent was eiaporatcd 
under s acuum at room temperature, and the residue 
was incorporated in a chromatographic column, as 
described b\ Hatden, et at (10) Consecuti\e 10- 
ml cuts were examined to locate the fractions de 
sired Those fractions containing high concentra 
lions of deserpidine, reserpine, or rescinnamine 
w ere combined and diluted, if necesMn , to f icilitate 
spectrophotometric measurements 

Powdered extracts of roots were dissohed m 


chloroform, and suitable aliquots were mixed with 
siliceous earth, \ acuum dried and ainh zed cliro 
matograpliicalh Tablet samples were powdered, 
and a quantitx eqiiu alent to 5 Gm of root was am’ 
hzed according to the procedure for powdereil 
whole root 

DISCUSSION 

The elution pattern of deserpidine, reserpine, and 
rescinnamine from rauwolfia root extracts was con 
sistcnt with the observations of Hajdcii and her col 
laborators (10) The forerun, containing small 
quantities of substances w ith the ultrai lolet absorp 
tioii spectra of 3 dchj droreserpiiic, ajni iliciiic, and 
reserpmiiie, was iistiall} 100-120 nil Deserpidine 
appeared within the next 90 ml of clu ite, reserpine 
in the next 150-200 ml cut, and rcsciinianiiiic in 
the following 300 ml These xoluincs aaricd with 
the concentrations of the iiidnidual alkaloids The 
ultraviolet absorption of the fractions intcncinng 
between the chief alkaloids showed a slight back 
ground absorption, equivalent to less than 2% of 
the reserpine or rescinn imine content in Rauuolfia 
serpentina Deserpidine occurs m this species in 
much smaller proportions than the other alkaloids 
and the background absorption is accordingh of 
greater significance in its determination 

The data m Table I on the chromatographic anal 
ISIS of various rauwolfia preparations show that 
deserpidine constitutes less than 3% of the total of 
reserpine, rescinnamine, and deserpidine in the ten 
authentic samples of Rauwolfia serpentina root an i 
Ijzed Reserpine concentrations m the whole root 
varied fromO lOtoO 16%,witlitheresciimaininecon 
tent about 0 4 those values In Rauwolfia caiieseciti 
root the average concentration of both deserpidine 
and reserpine was approxiinatel} 0 07%, and rescin 
iiamine was absent No resenmmiine, iiid onU 
small proportions of deserpidine were found ni 
Rauwolfia Iicicropliylla, while Rauwolfia xomitorm 
contained relativelv large qii intities of both rcscin 
namine and reserpine These findings arc in ac 
cord with the observations of earlier iinestigitors 

Table II compares the total reserpine plus rcscin 
namme values obtained by the present method for 
Rauwolfia serpentina roots w ith reserpine rescinn i 
mine group alkaloids assajs bj the nitrite colon 
metric procedure The two sets of values for the 
powdered roots show an excellent correlation, with 
the nitrite v alucs greater bv a factor of 1 1 1-1 
These figures demonstrate that the nitrite assa\s 
for reserpine rescinnamine content of Rauwolfia 
serpentina roots, include a small qnantitv of 
other chromogenic alkaloids The tablet an dj scs 
showed greater variation between the two methods 
Howev er, both methods indicated correetb the com 
position of Sample 11, an uncoated tablet fabricated 
to contain 88 mg of Sample 4 (^Rauwolfia serpenltttn 
pondered root) and 14 mg of excipients per tablet^ 
Moreover, both methods agreed that Simple li 
contained slightiv more of the active alkaloids th in 
the known Sample 11, that .Samples 12 ind 1 
were weakest anel equivalent to each other md th it 
Sample 14 was intermediate in strength 

Although the present method \ lelded iiiiletn ' 
el it i for reserpine ind rescinn iiniiie in severil roo 
simples almost identic il with the re'-ults oht iinu 
bv the earlier indirect livdrolvtic procedure ( 
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Sample 

Description 

/ -Mg per 

Deserpidine 

100 Gm or per 
Reserpme 

1,000 Tablets- . 

Rescjunatnine 

1 

R Serpentma powdered root 

5 

158 

143 

141 

131 

67 

62 

66 

67 

56 

2 

3 

4 

R Serpentina powdered root 

R Serpentina pondered root 

R Serpentma powdered root 

6 

3 

4 

5 

R Serpentina powdered root 

5 

128 

6 

R Serpentina pon dered root 

5 

107 

48 

44 

7 

R Serpentina pon dered root 

5 

lib 

8 

R Serpentina powdered root 

4 

103 

41 

9 

R Serpentma powdered root 

4 

98 

45 

10 

R Serpentina powdered root 

4 

97 

35 

11 

R Serpentma Tablets 88 mg “ 

3 

119 

60 

12 

R Serpentma Tablets 100 mg 

6 

80 

23 

13 

R Serpentma Tablets 100 mg 

5 

76 

28 

14 

R Serpentma Tablets 100 mg 

4 

90 

27 

15 

R Serpentma Tablets 100 mg 

4 

124 

64 

16 

R Serpentina powdered extract 

910 

33,500 

20,000 

17 

R Serpentma powdered extract*’ 

1,100 

33,400 

17,900 

IS 

R AcrficiifiJia pondered extract 

32 

823 

364 

19 

R Serpentma pon dered extract 

24 

268 

168 

20 

R CojicjccHs pondered root 

40 

65 

0 

21 

R Canescens powdered root 

82 

70 

0 

22 

R Caiiescens pon dered root 

66 

SB 

0 

23 

R Heteraphylla powdered root 

5 

87 

0 

24 

R Heteraphylla powdered root 

2 

27 

0 

25 

R Voimtoria powdered root 

5 

201 

41 

26 

R Vomitona pondered root 

4 

127 

79 


“ Fabricated to contain 88 rag of Sample 4 (R serpenhna powdered root) and ]4 mg excipients 
t Alleged to contain 30-35% reserprae 


Table II — Analyses of R serpeuiuia Prepara- 
tions 


Sample® 

Cbromatographtc 
Reserpme and 
Resemnamine. 
mg /lOO Gm 

Reserptne 

Resemnamine 

Group 

Alkaloids (5). 
mg/JOO Om 

1 

215 

243 

2 

206 

233 

3 

207 

232 

4 

198 

227 

5 

184 

204 

6 

155 

179 

7 

159 

177 

8 

144 

166 

9 

143 

162 

10 

132 

156 

11 

179 

201 

12 

103 

13S 

13 

104 

137 

14 

117 

158 

15 

188 

219 


° Sample numbers correspond to those in Table I 


some discrepancies were encountered In tire case 
of one root, rescinnaminc and reserpmc nere 19 and 
12% liiglicr, respeclu’cly, bj the indirect method 
than bv the chromatographic metliod The present 
procedure is probabli more reliable, since it isolates 
the alkaloids sought, and determines them indix id- 
iialK b\ direct measurements 


SUMMARY 

A procedure for the chrotnatographic separa- 
tion of reserpine, resemnamine, and deserpidine 
has been utilized for the determination of these 
alkaloids in various Rauwolfia species Analyt- 
ical data for Rauwolfia serpen Itiia powdered root 
show excellent correlation tvjth assay values for 
reserpine-rescmnamine group alkaloids obtained 
by the nitrite colorimetric procedure 
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The Uniformity of Distribution of Phosphorus 
Compounds in Tablet Matrices Using Radioactive 

Tracer Techniques* 

By GILBERT S. BANKER, JOHN E. CHRISTIAN, and H. GEORGE DeKAY 

Radioactive tracer techniques and statistical methods have been applied to study the 
uniformity of distribution of several additive phosphorus-32 labeled compounds 
in a lactose excipient in tablet matrices. Certain physical properties of the addi- 
tive and excipient powders, the duration of mixing, methods of granulation and 
drying, solubility of the additive in the granulating agent, additive migration, and 
other faaors, were studied for their effect on the uniformity of additive distribution. 


T Txiformity and accuracy of drug dosage is 
considered an essential requirement of most 
pharmaceutical dosage forms. One of the three 
major objections which have been made against 
tablets as a dosage form has been the possibility 
of nonuniformity of dosage (1, 2). For perhaps 
this reason Burlinson (3) lists accurate dosage as 
the most important requirement of a good tablet. 
.Accurate dosage in tablets is controlled by con- 
stant tablet weight and a uniform distribution of 
the additive material throughout the tablet gran- 
ulation. 

With the advent of pharmaceutical drug prod- 
ucts of greater potency it is no longer safe to rely 
on tablet weight variation as the criterion for the 
uniformity of medicament dosage in tablets. 
It is obvious that a uniform distribution of potent 
drugs is necessarj’ in tablet matrices since slight 
variation in uniformity could produce tablets 
with more than a slight variation in dosage, par- 
ticularly when the additional nonuniformity ef- 
fect of weight variation is considered. 

It is essential that the unifonnity of drug dis- 
persion in the tablet excipient and the factors 
affecting this uniformity be known and under- 
stood, especially in the preparation of tablets con- 
taining only a few milligrams of active ingredi- 
ent. Existing reports of the factors affecting the 
uniformity of tablet dosage are few in number 
and often hypothetical since they completely lack 
the substantiation of laboratory e.xperimentation. 

EXPERIMENTAL 

Bloom and Livcsey (4) in their distribution 
studies of additives in animal feeds describe the 
use of a radioactive isotope as the method of 
analysis. Nccessarv’ modifications of their pro- 
cedure were adopted using phosphorus-32 as an 
isotope possessing desirable properties for studying 
additive distribution in tablet matrices. Phos- 


phorus-labeled monobasic potassium phosphate was 
selected as a water-soluble additive and phosphorus- 
labeled phosphoric acid was selected as a water and 
alcohol-soluble additive. The salt was prepared by 
reaction of H 3 P(P ’-)04 with anhydrous potassium 
carbonate, analj'tical reagent. 

A lactose excipient was prepared by drying 
lactose U. S. P. at 60°, prescreening the dried 
powder through a number 30 sieve to remove lumps, 
and finally separating the powder into particle size 
sieve fractions by a sieve method. Five n-inch 
diameter American Society of Testing Materials 
standard sieves were placed from coarse to fine in 
a motor driven shaker to separate 100-Gin. portions 
per separation into sieve fractions. The lacln.sc 
sieve fractions were analyzed for certain of their 
properties, ineluding true density and aijparcnt 
density in order to determine void volume and its 
significanee on uniformity of additive dislribiilion. 

Powder mixtures of 0.50% one hundrcd-niesli 
labeled phosphate salt in lactose were used in this 
and subsequent experiments. The specific activity 
of each pliosphorus-labelcd monobasic potassium 
phosphate sample was calculated. Sulficient mono- 
basic potassium phosphate carrier was added to the 
labeled salt so that the initial corrected activity ol 
a 10,0-mg. sample of lactose powder inixtnro, 
containing 0.5% labeled material, would be between 
500 and 1,000 counts per minute. Powder mixing 
was accomplished with a Rampc tumbler miver, 
using powder loads of 30 to 1,500 Gm. and mixing 
jars with a volume greater than three times tliat of 
the powder being mixed. Ten nr more 10.0-mg. 
samples xx'crc taken from each powder mixture, 
granulation, or tablet to be studied, weighed on a 
microbalance, dissolved in water on individna 
aluminum counting cups, oven dried at 50°, am 
counted for activity. Each sample actix’ity "■>' 
corrected for background and resolving time accord- 
ing to the U. S. P. -XV methorl (5). For the 
measurement of radioactix'ity a mica wimlon, - 
nig. /cm.- Gicgcr-Mucller tube- xvas used. " 
uniformity of activity of the ten or more samp c- 
was determined by calculating the jicr cent cm 
ficient of variation in c.ach instance. 

Autoradiographs of granulations and ta ) e 
xx'crc prepared to provide ,a gross visual me.ins o 
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studying the distribution of radioactive additive 
and to verify the method of random sampling and 
statistical analysis of sample activities for uniforniitj'. 

RESULTS AND DISCUSSION 

Uniformity Studies of Powder Mixttires. — 
Mixing studies uere conducted by mixing combina- 
tions of particle size sieve fractions of additive and 
excipient for different periods as shown in Table I 
Uniformity of distribution of the additive (labeled 
phosphate) in the powders, granulations, and 
tablets is reported in the following tables as V% 
This is simply the standard deviation/the mean, 
the expression multiplied by 100 for expression as a 
per cent Thus a high F% means poor distribution 
of phosphate and a low' V% means a more uniform 
distribution. 

When the particle size of labeled phosphate salt 
and lactose was simultaneously varied (Table I, 
pow'der mixtures 1 through 4), the 200-mesh pow-der 
mixture was found to be uniform (powder number 
4) and the coarser powder fractions were significantlj' 
less uniform (powders number 1, 2, and 3). WOien 
the four different particle size fractions of labeled 
salt were mixed three, fifteen, and thirty minutes 
with separate 200-mesh portions of excipient powder, 
the duration of mixing did not significantly affect 
the uniformity of the coarser three sieve separated 
fractions (compare powder mixtures 5 through 7, 
8-10, and 11-13), but did significantly influence 
the uniformity of the 200-mesh powders (compare 
powder mixtures 14-16). The finer particle size 
distributions of additive require a longer duration 
of mixing to achieve their optimum uniformity than 
did the coarser particle size distributions. A 
fifteen minute tumble mixing was adequate for the 


200-mesh powders For maximum uniforinitj' of 
additive dispersion in this particular powder mixture 
of additive and e.xcipient, the results of Table 1 
indicate a 150/200 or 200-mesh additive should 
be used with a 200-mesh excipient pow'der. 

The void volume (8) of lactose excipient in 
pow'ders Nos 17-19 (Table I) was found to be 0.72, 
0.84, and 0 86 ml /Gm. The coefficient of varia- 
tion of these powder mixtures was 59 5, 36 2, and 
17 3% Thus in this case, the differences in distri- 
bution between 17 and 19 and 18 and 19 are not 
due to differences in void volume, but in mesh 
size of the lactose. 

Uniformity Studies of Granulations. — The relative 
solubility of the granulating agent for the additive 
and the amount of granulating agent used were 
studied for their effects on the uniformity of additive 
distribution in granulations Sixtj'-gram powder 
mixtures containing 0.5% by weight of the labeled 
phosphate salt in lactose were separately massed in 
a Mixmaster mixer at speed 2 for three minutes 
with three different granulating agents, pressed 
through a number 20 sieve, and oven dried at 50°. 
The granulating agents used were: water, a soh'ent 
for the labeled phosphate additiv'e; dilute alcohol 
U. S. P., a partial solvent; and alcohol U. S. P., a 
nonsolvent for the additive. The results of this 
experiment are show'n in Table II 

No significant difference in uniformity of distri- 
bution between pow'der and granulation occurs 
except in granulation 1 as can be seen from a 
comparison of F% values of Table II. Therefore, 
distribution of additives in granulations can be 
improved over that of the parent powder when: 
(a) the additive is sufficiently soluble in tlie granulat- 
ing agent and (5) an adequate amount of granulating 
agent is added (note no change in distribution in 


Table I. — The Effect of Various Particle Size Distributions of Additive and Excipient on Pow'der 

Uniformity 


Powder 

KH2P*04 

Lactose 

Number 

Fraction** 

Fraction** 

1 

80/100 

80/100 

2 

100/150 

100/150 

3 

150/200 

150/200 

4 

Through 200 

Through 200 

5 

80/100 

Througli 200 

6 

80/100 

Through 200 

7 

80/100 

Through 200 

8 

100/150 

Through 200 

9 

100/150 

Through 200 

10 

100/150 

Through 200 

11 

150/200 

Through 200 

12 

150/200 

Tlirough 200 

13 

150/200 

Through 200 

14 

Through 200 

Through 200 

15 

Through 200 

Through 200 

16 

Through 200 

Through 200 

17 

Through 200 

100/150 

18 

Through 200 

150/200 

19 

Througli 200 

Through 200 


Alin 


Significance of 


Mixed 

!'%!- 

DifTerence at 5% Level® 


15 

115 6 

No — any combination 

of 

15 

135.0 

1, 2, and 3 


15 

172.6 

Yes — 1 and 4, 2 and 4, and 

15 

17.3 

3 and 4 


3 

27.1 

No — anj' combination 

of 

15 

41.8 

5, 6, and 7 


30 

42.5 



3 

25 1 

No — any combination 

of 

15 

22 3 

8, 9, and 10 


30 

38.5 



3 

25 4 

No — anj' combination 

of 

15 

24 6 

11, 12, and 13 


30 

14.9 



3 

51.2 

No — 15 and 16 


15 

17.3 

Yes — 14 and 15 


30 

19.8 

14 and 16 


15 

59.5 

No — 17 and 18 


15 

36.2 

Yes — 18 and 19 


15 

17.3 

17 and 19 



X .s ® - V/-V) 100, Where r .s the standard dev.attn of ten samples and 

the test 

mocntsofNanationbcmccomnaredand rri*. t, = ^ ^ ^ ^ I'j are the two co. 


blatislic, 

cfllcicnts of \ariation bcitiK compared and (r]'i Xi= \/riV‘*ni + r**/2Kr wbTrVw'- '"t'u ‘ ^ are the two co- 

-xmlfeZr"' “onicents of s ar.aOnn bemreXar. 
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granulation 4^. Tliis would imply that when the 
two conditions above are met, the uniformity of 
distribution of additive material in a powder 
mixture may be of secondary importance in obtaining 
a uniform distribution of additive in a granulation. 

Three-hundred and fifty gram fractions of a 
powder mixture of lactose and labeled phosphate 
salt were separately massed five minutes in a 
Mixmastcr mixer at speed 2 with water, dilute 
alcohol U. S. P., and alcohol U. S. P. Each powder 
mass was divided into seven equal parts, dried by 
a number of methods, and the uniformity of distri- 
bution determined as shomi in Table III. 

With the exception of granulation 11, the granula- 
tions of Table III prepared with dilute alcohol and 
dried at a temperature exceeding 50° (granulations 
10, 12, 13, and 14), were significantly less uniform 
than the corresponding water granulations (granula- 
tions 3, 5, G, and 7). .411 of the alcohol granulations 


were significantly less uniform than the corrcspoml- 
iiig water granulations. The granulations prep.ired 
with the partial solvent granulating agent of dilute 
alcohol exhibited the greatest variation in unifoniiity 
depending on the method of drying employed, 
indicating that additive migration may have occurred' 
at the higher drying temperatures. Continually 
stirring the granulations by hand as they dried 
under infrared lamps (granulations 7, 14, and 21) 
produced no significant increase or difference in 
the uniformity of additive dispersion over the 
corrc.sponding gramdations which were not stirred 
(granulations G, 13, and 20). 

-Autoradiographs tverc jirepared of a number of 
the granulations shown in Table III (Fig. 1), which 
varied in uniformity as expressed by the eoefllcicnts 
of variation. The granulations to be autoradio- 
graphed were distributed over Scoteh brand cello- 
phane tape and exposed to Eastman No-screen 


Table II. — The U-vifor-mity of Heater, Dilute Alcohol, a.nd Alcohol Granulations of Monobasic 
Potassium Phosphate and Lactose Powder Mixtures 


Powder or Granulation** 

Ml. of Granulating 

Agent Used Per 

1 00 Gra. of Posvder 

v%b 

Significance of Dif- 
ference Between V% of 
Granulation and Parent 
Powder, 5% Level 

I . First Powder Mixture 


13.5 

, , 

1. Water Granulation 

s.o 

G.8 

Yes 

2. Dil. Alcohol Granulation 

11.2 

12.7 

No 

3. Alcohol Granulation 

25,0 

18. G 

No 

1 1 Second Powder MLxture 


16.0 

, , 

4. Water Granulation 

G.o 

13.4 

No 

5. Dil. Alcohol Granulation 

10.0 

14.5 

No 

G. Alcohol Granulation 

27.5 

13,9 

No 


“ The first powder mixture was mixed thirty minutes and the second was mixed ten minutes. Tliree granulations were matte 
of each powder mixture using granulating agents of water, dilute alcohol U. S. P. and alcohol U. S. P., oven drying tlie granu- 
lations at 50^. 

I* The per cent cocfTicicnt of variation (Table 1. footnote b) in each case was based on a sample size of twelve instead of ten. 


Table III, — -The Effect of the Drvi.vg Method on the Uniformity of Distribution of Labelfp 
Mo.nobasic Potassium Phosphate in Tablet Granulations 


Granulation 

Granulating 

Number 

Agent 

1 

Water 

2 

Water 

3 

Water 

4 

Water 

5 

W'ater 

G 

Water 

t 

Water 

8 

Dil. Alcohol 

9 

Dil. Alcohol 

10 

Dil. Alcohol 

11 

Dil. Alcohol 

12 

Dil. Alcohol 

13 

Dil. Alcohol 

14 

Dll. Alcohol 

15 

Alcohol 

IG 

Alcohol 

17 

Alcohol 

18 

Alcohol 

19 

Alcohol 

20 

Alcohol 

21 

Alcohol 


Method of 


Drying 


Air'- 

13.8 

Oven 50° 

15.9 

Oven 7.5° 

10. G 

500 Watts I. R.'' 

9.9 

375 Watts I. R. 

13.7 

250 Watts I. R. 

10,7 

250 Watts I. R.' 

8.8 

Air 

19,1 

Oven 50° 

27.7 

Oven 75° 

44 . 5 

500 Watts I. R.' 

14.0 

375 Y'atts I. R. 

.35,8 

2.50 Watts I. R. 

31.0 

250 M'atts I. R.v 

24. G 

Air 

.34.0 

Oven 50° 

30.9 

Oven 75° 

35.1 

500 Watts I. R. 

41. G 

375 Watts I. R. 

25.8 

250 Watts I. R. 

2G.G 

2.50 Watts I. R.' 

39.3 


SjKm’ficancc of 
DifTercnce at the 5% I.cvcl/ 

Yes — 2 and 7 

Xo — all other combinations of 1 
through 7 


Yes — 8 and 10 

Excluding 11; no— all other com- 
binations of 8 througli 11 


Xo — all combinations of I 
through 21 


® Air drj'io? ^t room temperature. 2sV®. . i- ♦ n i* 

The infrared lamps were used in pairs in a Fostoria cvenray twin lamp holder at a ten-inch lamp to .'},e .'{ 7 .', 

maximum temperatures recorded ten inches from the infrared lamps were: 70® witli the 2."0 watt lamps; aO wj 
watt lamps; and 93® with the 300 watt lamps. 

' These granulations were constantly stirred by hand as they dried. r fr nrfern an'J 

^ The per cent coefneient of variation (Table I, footnote b) for granulations 1—7 was based on a sample size oi i -> 
for granulations S-21 on a sample size of ten. _ ti t fantiafed di’* 

* The low per cent coefnrient of variation of granulation 11 was unexplained. Autoradiographs roughly sutisi 
finding 

/ See Table I, footnote f for the test for significance of di/Terencc. 




September 1958 


Scientific Edition 


631 



Fig 1. — Granulation Autoradiograplis. Gran- 
ulation number 33 had a coefficient of variation of 
^•0%, granulation number 4 (Table III) had a co- 
efficient of variation of 9.9%, and granulation num- 
ber 8 (Table III) had a coefficient of variation of 
19.1%. 

X-ray film. Gross visual eNamination of the 
granulation autoradiographs indicated complete 
agreement with the per cent coefficient of variation 
obtained by the statistical method. 

Separate powder mi.\tures of lactose and labeled 
phosphate salt were moistened with water and the 
moistened powders mixed or massed for periods of 
two and one-half and twenty-five minutes. The 


per cent coefficient of variation of the resulting 
granulations was 18.1 and 20.7% respectively. 
The difference in the additive uniformity of distribu- 
tion of the two granulations, depending on the 
duration of the massing time employed, was not 
statistically significant at the 5% level. 

The water-soluble labeled phosphate additive 
was dissolved in water, and this solution used as the 
granulating agent for the lactose excipient. The 
granulations were air dried at room temperature, 
oven dried at 50°, and infrared dried at 500 watts, 
ten inches. The per cent coefficients of variation of 
these granulations was 7.0, 2.9, and 3.6% respec- 
tively. At the 5% level the granulations prepared 
bj' dissolving the additive in the granulating agent 
were significantly more uniform than the corre- 
sponding granulations of Table III (granulations 1, 
2, and 4) which were prepared by adding the same 
concentration of granulating agent to the powder 
mixture of additive and excipient. 

The effect on additive uniformity of distribution 
of the various methods of drying an alcohol and wa- 
ter-soluble additive, phosphoric acid, using the dif- 
ferent granulating agents, was studied. The re- 
sults are shomr in Table IV. 

When an alcohol solution of the additive was used 
as the granulating agent (granulations 22-28) infra- 
red do'ing with the 500- watt lamps (granulation 25) 
resulted in a granulation significantly less uniform 
than the other alcohol granulations. Migration 
of the additive evidently occurred at the tempera- 
ture of the 500-watt infrared drying method (95°) 
but was insignificant at the lower temperatures of 
the other drying methods. Granulation 25 was 
recounted and the original results were verified. 
The granulations prepared using a granulating 
agent of water or dilute alcohol showed no significant 
migration. Mixing of the dried granulations which 
had apparently not undergone appreciable migra- 
tion effects (granulations 22-24 and 26-36) did not 
significant!}' increase the uniformity of these 
granulations. Mixing of dry, sized granulation 25 
which had apparently suffered migration effects did 
significantly increase the uniformity of additive dis- 
persion over that of the same dry, sized granulation 
before mixing. The per cent coefficient of variation 


Table IV. — The Effect of the Drying Method on the Uniformity of Distribution of an Alcohol 
AND Water-Soluble Additive in Tablet Granulations 


Granulation 

Granulating 

Number 

Agent 

22 

Alcohol 

23 

Alcohol 

24 

Alcohol 

25 

Alcohol 

20 

Alcohol 

27 

Alcohol 

28 

Alcohol 

29 

DU. Alcohol 

30 

Dil. Alcohol 

31 

Dil. Alcohol 

32 

Dil. Alcohol 

33 

Water 

34 

Water 

35 

Water 

30 

Water 


Method of 


Drjing 


Air 

6 6 

Oven 37° 

6 5 

Oven 50° 

7 3 

500 Watts I. R. 

13.1 

375 Watts I. R. 

6 0 

250 Watts I. R. 

6 3 

250 Watts I R.« 

7 7 

Ovcn37°C. 

2 7 

Oven 75°C. 

2 6 

500 Watts I R. 

1 6 

250 Watts I.R. 

1 8 

Oven 37° 

4 0 

Oven 75° 

2 8 

500 Watts I.R. 

2.8 

250 Watts I.R 

3 4 


SiRnillcance of 
Difference at 5% Levelc 

No, 24 or 28 vs. 25 

Yes, 22, 23, 26 or 27 vs. 25 

Xo, other combinations of 22 
through 28 

Xo significant difference between 
granulations 29 through 32 


Xo significant difference between 
granulations 33 through 36 
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of graiiufatiou 25, after the granulation had been 
tumble mixed for five minutes was 4.S%. Imme- 
diately after drx-ing and before mixing the per cent 
coefficient of variation of the same granulation as 
shown in Table IV was 13.1. 

Some of the granulations in Tables III and IV were 
separated into fines (pass 60 mesh) and granules 
(retained on 00 mesh). These were counted (ten 
io.O-mg. samples of each fraction) to see if the la- 
beled phosphate additive had a different concentra- 
tion in the fines and granules. A "t” value was 
calculated from the corrected average activity of 
the fine and granule samples and a 1% significance 
level was used to see if the differences found were 
significant. On this basis a real difference in con- 
centration of additive was found between fines and 
granules for the dilute alcohol and alcohol granula- 
tions of Tables III and IV studied, the granule frac- 
tion in every case being the more active (Nos. 12-18 
and 25), No significant difference was found be- 
tween fine and granule activity of the water granula- 
tions studied. Explanation of these findings will re- 
quire additional work. 

Labeled phosphate salt granulations prepared with 
granulating agents of water, dilute alcohol, and alco- 
hol, and varying considerably in uniformity ex- 
pressed as the per cent coefficient of variation (G.8 to 
22.6%), were lubricat-’d with 1.5% magnesium stear- 
ate and compressed into ’/s-inch tablets on a Stoke’s 
Eureka hand tablet machine. In every case there 
was no significant difference in additive uniformity 
of distribution between ten 10.0-mg. samples from 
each tablet and the granulation from which the tablet 
was prepared. Some of the per cent coefficients of 
variation compared were: 8.0 vs. 6.8; 8.2 vs. 12.7; 
18 9 vs. 18 6; 15.3 vs. 22.6; and 17.0 vs. 13.9. Tab- 
let autoradiographs of IVs inch diameter tablets 
prepared on a Carver laboratory press provided sub- 
stantiation on the basis of gross visual examination 
of the statistical method of determining tablet uni- 
formity of additive distribution. 

SUMMARY 

-A method employing radioactive tracer tech- 
niques for studying medicament distribution in 
powder mixtures, granulations, and tablets has 
been developed and found to be a useful tool in 
such studies. 

1. Powders consisting of phosphorus-32 la- 
beled monobasic potassium phosphate as additive 
and lactose powder U. S. P. as excipient were pre- 
pared. The uniformity of distribution of the 
labeled phosphate was affected by the particle 
size distribution of additive and excipient and by 
the mixing time. Best uniformity was obtained 
with 150/200 or 200 mesh phosphate and 200 
mesh lactose tumble mixed for fifteen minutes. 

2. The void volume of the lactose excipient 
had no effect on the uniformity of distribution of 
the phosphate. 

3. The uniformity of drug distribution in a 
tablet is the same as in the starting powder unless 
a drug-soluble granulating agent is used. The 


best uniformity achieved in this study wa.s 
± 13.5% in a powder. Thus individual tablets 
made from this powder will var}- as mucli a.s 
27% in drug content. Using a drug-soluble 
granulating agent, tlie granulations varied as lit- 
tle as ±1.6% or no more than 3.2% in the dnig 
content of the resulting tablets. The fonmilation 
and the mixing techniques employed in this stuch- 
were chosen for the purpose of identifying some of 
the causes of variation of tablet dosage. Conse- 
quentl}- the t 3 'pical size of additive dosage varia- 
tion encountered in this problem should not he 
considered as representative of the variation 
normally encountered in tablet manufacture. 

4. When using a granulating agent in which 
the additive material was soluble, significantly 
more uniform granulations were usuall}' obtained 
when the additive was dissolved in the granulat- 
ing agent than when the granulating agent was 
added to the powder mixture of additive and ex- 
cipient. 

5. Increasing the massing time beyond the 
few minutes necessary to unifonnly wet the pow- 
der mixture ivitli the granulating agent did not 
significantly increase the uniformity of additive 
dispersion. 

6. The water-soluble, alcohol-insoluble la- 
beled phosphate salt additive when granulated 
with water or alcohol produced granulations 
which did not vary significantly in unifonnity de- 
pending on the drj'ing methods employed (air 
drj'ing at room temperature, oven drj’ing below 
75° or infrared drying below 95°). When this 
additive in a lactose powder mixture ivas granu- 
lated with dilute alcohol tlie air dried granulation 
was significant^ more uniform tlian the granu- 
lation oven dried at 75°. 

7. The water- and alcohol-soluble labeled 
phosphoric acid additive, when gramdated with 
water or dilute alcohol produced granulations 
which did not varj’ significant!)’ in unifoniiit)' due 
to tlie drying methods employed. The granula- 
tions prepared with an alcohol solution of phos- 
phoric acid additive as the granulating agent did 
vary significantly in uniformity of additive dis- 
persion depending on tlie metliod of diy’ing em- 
ployed. At the 5% significance level infrared 
drying at 95° produced a gramdation significantlj’ 
less uniform than infrared drying at 80° or below, 
oven drying at 37° or below or air drying at room 
temperature. Stirring tlie granulations as they 
dried under infrared lamps, regardless of the 
granulating agent or additive employed, did not 
increase the uniformity of additive dispersion 
over that of granulations not stirred. 

8 The concentration of labeled idiosph.ili 
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additive in alcohol and dilute alcohol granula- 
tions was different between material retained on 
a GO-mesh screen (granules) and material passing 
a 60-mesh screen (fines). This was not the case 
when water was the granulating agent. 

9. The uniformity of additive dispersion 
within compressed tablets was found to be statis- 
tically identical to the degree of uniformity of 
additive distribution of the granulations from 
which the tablets were made. 
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Potentiometric and Amperometric Titrations of 

Ascorbic Acid^ 

By S. M. DESHPANDE and R. NATARAJAN 

Potentiometry and amperometry using a dropping mercury electrode hat e been tried 
and found suitable for the estimation of ascorbic acid by titration with potassium per- 
manganate. It has been confirmed that there is a necessity for the addition of potas- 
sium iodide to get the end point at the dehydroascorbic acid stage. Quantities less 
than 1 mg. of ascorbic acid could be estimated potentiometrically within =4= 1.5 per 
cent deviation. The possibility by amperometry, of other permanganometric titra- 
tions using potassium iodide as indicator, has been suggested. 


2,6-dichlorophenol-indopiibnol 
METHOD (1) for the estimation of ascorbic acid 
has certain inherent defects, such as the in- 
stability of the dye solution necessitating stand- 
ardiyation often, and the transient nature of the 
end iioinl which introduces considerable diffi- 
culties. In an attempt to find a suitable alternate 
method, the permanganometric method of Murti 
and Viswanadhara (2) was considered. They 
have reported that the end point in lower con- 
centrations of ascorbic acid was achieved at 
equivalent proportions only by use of starch- 
potassium iodide as an indicator; furthermore, a 
deviation of -1-2 64% in titrations using 0.001 N 
permanganate for amounts less than 1 mg. of 
ascorbic acid, has been reported. Here, the per- 
manganate is expected to first liberate iodine from 
potassium iodide, which in turn reacts with as- 
corbic acid to give dehydroascorbic acid. It was 
therefore thought of confirming the necessity for 
the addition of potassium iodide, by other 
methods. Attempt has also been made to sec 
whether the error could be minimized by any 
other suitable method. 

EXPERIMENTAL 

Chemicals of AR grade and ascorbic acid (E, 
lllerck) « hicli u as standardized by iodimctric method 

•RccciNcd Februan 5. 195S, from the Department of 
Chcmi«!try, CoUckc of Science, Ifinrfu Um\crst(', Banaras 7, 
India 

The authors wi*th to express ihcir thanks to Dr R S 
Joshi for his kind cncoiiraRrmenl during the course of this 
work 


(3) uere used in these experiments Further, the use 
of conductivity uater as recommended bj Murti and 
Visit anadham for the permanganate method uas 
considered not practicable for routine analvsis and 
therefore ordinary distilled water was emploicd 
Ascorbic acid solutions were prepared as and when 
required, by taking requisite .imount in 100 ml of 
water containing 4 ml of 2 A sulfuric acid as stabiliz- 
ing agent; such solutions were found to be stable for 
about two hours at room temperature (25 =*= 2°) 

Potentiometry. — Pye's “S” model which gives an 
accuracy of 1 mv. and a constant stirrer assembly 
for mixing tlie solution were used. One ml. of 
ascorbic acid solution w as taken in a titration \-csscl 
of 100 ml capacity, w itli 2 ml of 2 A’ sulfuric acid 
and 1 ml. of 0 5% potassium iodide solution along 
with 50 ml. of water This solution was titrated 
with 0.001 iV permanganate (except where indi- 
cated, sec Table I) using a platinum wire electrode 
as the indicator and saturated calomel electrode as 
the reference electrode. The E. M. F. of the solu- 
tion after one minute of each addition of permanga- 
nate was noted by the null deflection method; tlic 
titration was continued up toabout 2 ml. e.\cess addi- 
tion of permanganate after the end point, as usual. 
The equivalence point for each titration was de- 
termined by plotting AE/AFagainst volume of per- 
manganate added ; a typical curve obtained is given 
in Fig 1. 

Amperometry. — The polarographic equipment 
used for this purpose was made by Messrs. Adept 
Laboratories, Poona, India; this was used in con- 
junction with a spot type suspension coil galva- 
nometer and a dropping mercury electrode. 

In the polarographic cell, a solution containing 1 
nil. of a solution of ascorbic acid, 2 ml. of 2 A' sul- 
furic acid. 1 ml. of 0.5% potassium iodide, and 40 
ml. of water was taken. The dropping mercur)' 
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VOLUME or KMnOi (ml ) 


Tig 1 — Potentiometric determination of ascorbic 
acid (0 5 mg ). 


electrode iias dipped into the solution so as to be 1 
em belou the surface of the liquid, and the mer 
cun lc\el head «as adjusted to gi\e a drop time of 
d JJ seconds \ constant potential of —0 1 volt 
IS S C E was applied and the titration with per- 
manganate (0 01 N) was carried out noting the de- 
flection of the galvanometer after each addition 
The gahanoraeter deflection was plotted against 
\olumeof permanganate added, to get the end point, 
a tiqiical curse obtained is given in Tig 2 

RESULTS AND DISCUSSION 

Potentiometry. — W'hen ascorbic acid was titrated 
against potassium permanganate, a sharp end point 
could not be obtained, the galvanometer deflections 
were not stcadv, but showed a tendenev to fall 
back to the original lev cl in about a minute This 
is because the reaction does not stop at the dch>- 
droascorbic acid stage as reported bj Herbert, el al 
(4) However, the addition of potassium iodide 
abov e 1 ml of 0 5% brought about a sharp end point 
at the deh} droascorbic acid stage indicating that 
the permanganate liberates iodine from poLissium 
iodide after the equivalence point in preference to 
the further o\idation of dehv droascorbic acid Or, 
perhaps from the beginning, permanganate liber- 
ates iodine from potassium iodide which, in turn, 
oNidizcs the whole ascorbic acid, and finallv the free 
iodine produces the change of potential In anv 
case, the reaction has been found suitable for potui- 
tiometric determination of small qu intities of iscor- 



VOLUME or KMnOi ADDED (ml ) 


Fig 2 — Ampcrometric detcrniinatioii of ascnrliic 
acid (d 0 mg ) 


bic acid by titration w ith ev eii 0 01)1 N iieriii iiig in 
ate in presence of potassium iodide 

The presence of potassium iodide m the range nf 

1 ml of 0 5 to 8% solution gav e consistent v allies for 
the end point Similarly, sulfuric acid coiiccntra 
tioii could be altered between 1 and 5 ml of 2 A 
strength without affecting the results Iherefori, 
for convenience, 1 ml of 0 5% iiotassium iodide and 

2 ml of 2 N sulfuric acid as recommended bj Miirti 
and Viswanadham were emplojed and the results 
thus obtained for various concentrations of ascorbic 
acid are given in Table I In addition, a coinptri 
son has been made of the results obtained hj potcii 
tiometry with the values obtained b> direct titn 
tion using 1 ml of 0 5% starch as indicator 


Table I —Assay of Ascorbic Acid 



» — By Potentiometry — v 

By Direct rilration 
Usinff Starch as 
Indicator 

Ascorbic 

Ascorbic 

Per- 

Ascorbic 

j’er 

Acid 

Acid 

centaffc 

Acid 

ccntiRC 

Taken, 

r ound, 

Dev la- 

Found, 

Dcvia 

mp 

niff 

tion 

me 

tion 

0 30 

0 302 

-hO G7 

0 289 

- 5 00 

0 50 

0 495 

-1 00 

0 .503 

-f -0 on 

0 80 

0 789 

-1 17 

0 81.3 

-t-l 01 

1 00 

0 990 

-1 00 

0 990 

-0 in 

3 OOa 

3 018 

-t-0 (lO 

3 018 

-f-o on 

4 OO" 

3 983 

-0 41 

4 005 

+ i on 

G 00’ 

0 037 

-fO 01 

0 070 

+ 1 27 


“ 0 01 \ perraanean'ilc was used for the ollitrs 0 001 S 
permanc'inate 


Amperometry. — Ascorbic acid m sulfuric icn 
medium docs not give anj polarograpliic w ivt 
Potassium permanganate is reported to give no 
polarograpliic wave suitable for analjtical purpo v 
(o) Therefore, the ampcrometric titrition of as 
corbic acid with permanganate dircctlj is not pc’ 
sible The permanganometric method using pot i' 
Slum iodide can, however, be made the basis of m 
ampcrometric method. . 

The deviition obt lined m poteiitioiiietrj m 
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region of lower concentrations of ascorbic acid is of 
the order of ±1 5% 

From preliminary experiments it was found that 
consistent values were obtainable at an applied 
potential of —0.1 volt vs. S. C. E. in this method. 
Accordingly, various amounts of ascorbic acid were 
titrated, and the results are given in Table 11, along 
with the values obtained by direct titration. 


Table II. — .-Imperometric Determination of 
Ascorbic Acid 



By Amperometry— «. 

By Direct Titration 
Using Starch as 
Indicator 

Ascorbic 

Ascorbic 

Per. 

Ascorbic 

Per- 

Acid 

Acid 

centage 

Acid 

centage 

Taken, 

Found, 

Devja- 

Found, 

Devia- 

mg 

mg. 

tioo 

mg. 

tion 

1.0 

0.995 

-0.50 

1.012 

-fl.2 

2.0 

2.007 

-1-0 35 

2.024 

+ 1.2 

3 0 

3.002 

4-0 06 

3.045 

+ 1.5 

4 0 

3 973 

-0.67 

4.024 

+0.6 


Stxengtli of pot permanganate, 0 01 N. Applied poten- 
tial, ~-0 1 volt w S C E. Galvanometer shunt, */s 


Results obtained by this method, however, 
showed that the ampcrometric method is not sensi- 
tive enough with 0 001 N permanganate. It is 


also evident that whenever permanganate is to be 
used in amperometric titrations, potassium iodide 
may serve as an indicator. 

SUMMARY 

The permanganornetric method of titrating as- 
corbic acid in presence of potassium iodide and 
sulfuric acid has been tried by potentioinetry and 
amperometry. Here potassium iodide acts as an 
indicator. The potentiometric method gives an 
error of ±1.5% for ascorbic acid less than 1 mg., 
ivhereas the amperometric method is not sensitive 
enough below 1 mg. of ascorbic acid. 

It should be possible to extend this method for 
other permanganate titrations which are not nor- 
mallj' possible by amperometry. 
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Evaluation of Oral Antiseptic Products on 
Buccal Epithelial Tissue’' 

By LEONARD J. VINSON and ALLAN G. BENNETT 


Two in vivo methods for evaluating antiseptic propenies of oral products such as 
mouthwashes and dentifrices are described. Buccal tissue scrapings removed by 
curettage serve as the test substrate in estimating oral bacterial count (Buccal Tissue 
Count Test) and in measuring the degree of affinity of the antiseptic to mouth tissue 
after brushing with a denufrice or swishing with a mouthwash (Buccal Epithelial 
Substantivity Test), The test cultures employed were AI, pyogenes var. aureus and 
L. casei. The buccal tissue shows inhibitory effect against oral bacteria lasting up 
to four hours after one treatment of a hexachlorophene-containing mouthwash or 

dentifrice. 


"TSespitb the large number of tests reported in 
the literature a reliable in vivo method is 
still needed for evaluating antiseptic oral prod- 
ucts with particular reference to dentifrices and 
mouthwashes. Many factors appear to influence 
the type and numbers of the oral flora in the 
mouth. Saliva counts, for example, fluctuate 
widely during the course of a day being influenced 
by diet, by changes in salivation rate, and by 
environmental factors. Thus, counts made on 
stimulated or unstimulated saliva arc poorly re- 
producible and do not serve as a good basis for 
evaluating oral antiseptics (1). Tlic rinse tech- 
nique as described by Ostrolcnk and co-workers 

* Recen-Wl rdmi-iry 12. 19.‘>S, from Lmcr Brollitr* lie- 
search Center. IMRcwatcr. X J 


(2) and Watson and Reddish (3) is an improve- 
ment, but the shortcomings of the saliva count 
method remain. 

The swab technique as described by Bloomfield 
(4) and many modifications thereof employ oral 
surfaces such as teeth, tongue, buccal epithelium, 
and palate. ••Igain, tlie ivide \-ariabiiily in counts 
encountered makes it a poor choice for evaluating 
oral antiseptic agents. 

As indicated by Ostrolcnk and co-workers (2) 
the evaluation of the effectiveness of oral anti- 
septics must primarily rely upon securing repre- 
sentative samples of the oral microbial popula- 
tion before and after use of the product. It is tlic 
purpose of this report to describe a new method 
for cvahiating oral antiseptic agents using buccal 



G3G 


Journal of tiiii American Pharmaceutical Association 


Vol. XLVII, No. 9 


epithelial scrapings from the iiioiitli. Tlic.se are 
examined for the presence of adsorbed antiseptic 
agent, and bacterial counts are obtained. 

METHODS 

Buccal Tissue Count Test. Buccal ejiithclial 
scrapings arc rc.adily obtained from a subject’s 
mouth by means of a curette. ‘ This is done simply 
and easily by tlie subject himself, who gently scrapes 
the inside of either check using several strokes until 
the cuplike receiver of the curette is filled with a 
mixture of mucus-epithelial detritus. With a little 
experience the amount removed is readily stand- 
ardized as reflected in the reproducible counts 
obtained. The tissue is transferred from the cur- 
ette by agitation itito It) ml sterile 0.1% peptone 
water contained in a screw-capped test tube. The 
contents arc shaken thoroughly, diluted further 
when necessary, and I ml. aliquots in duidicatc 
plated directly into Blood Agar Base (Difeo). 
Counts are made after fori\-eight hours iuciibalion 
•It 37°. 

Buccal Epithelial Substnntivity Test. — Buccal 
epithelial scrapings are removed from the mouth 
as described previously. The tissue is scooped out 
of the curette with the tapered end of a metal spat- 
ula and transferred to the center of the filter paper 
disk.® The disks with the flattened tissue are al- 
lowed to dry for one hour at 55° and then placed tis- 
sue side down on seeded agar plates In the case of 
the test organism, .V /lyogciicj var. ntircus,’ Nutrient 
.\gar is cmiiloyed atid for Ldclohnothn enact' the 
medium is Tryptonc Glucose Extract (TOE) .Vgar 
with 2% added yeast extract. A number of disks 
can be placed peripherally (V. inch from the edge) 
on the agar surface, .Additional disks can be situa- 
ted in the eenter area. Thus, buccal tissue speci- 
mens from one or more subjects can be conveniently 
lilaced on the same seeded agar plate. 

The plates are incubated overnight at 37°. The 
disks are removed and the zones of tissue contact 
with agar arc examined microscopically for evidence 
of bacterial colonies, focusing at the surface. This 
is accomplished by bringing into sharp resolution 
the imprint of the disk and einthelial tissue on agar. 
By employing a reticule (Howard micrometer disk) 
the colonies in four squares iiiekcd at random in the 
central contact region arc connted and a similar 
count is made in an adjacent agar area not in contact 


with the buccttl scrapings (control counts) . The per 
cent reduction in count of area in contact with the 
buccal tissue is determined on the basis of the con- 
trol count. 

Buccal Tissue Count Test Results. — The antisep- 
tic action of dentifrices and mouthwashes on oral 
flora is evaluated by running buceal tissue eounts 
before and after use of the products. 

The reproducibility of counts was determined on 
replicate samples of buccal tissue from each of 
eight subjects. Results are given in Table I. 

The replicate scries yield counts showing good 
reiiroducibility. Eluctnations do occur between the 
average value of a scries and that obtained at a dif- 
ferent time during the day on the same subject. 
The better reproducibility in average counts made 
on buccal scrapings is due to the use of replicate 
samples. It is not possible to obtain replicates of 
saliva at one sampling period, since successive saliva 
siiuiples would be representative of a changing oral 
condition as fresh saliva is secreted to replace that 
taken in sampling. Witli the buccal scrapings tech- 
nique. four essentially simultaneous samples can 
be Liken without disturbing the salivation rate. 
Representative buccal count data obtained on tlirec 
subjects after single brushings with plain and anti- 
septic dentifrices, and with water arc shown in Table 
II. A decided drop in buccal count occurred after 
brushing with the antiseptic dentifrice. The indi- 
vidual final counts in every instance fell considerably 
below even the lowest initial value. This was not 
observed when the subjects brushed with an ordinary 
dentifrice, the reductions in count being only moder- 
ate. Subjects on the water control showed no re- 
ductions in count. 

The apparent increase in buccal counts after a 
water wash is not real and is attributable to the fact 
that a more diligent scraping over a wider area of 
the buccal tissue is required to obtain a full sample 
ill the curette. The fact that this increase in count 
does not occur after use of a dentifrice or mouthwash 
is e.xidaincd by the partial destruction of buccal 
bacteria on immediate contact with the preparation. 

Dentifrices and mouthwashes were evaluated for 
anti.scptic activity employing the buccal tissue count 
test. Included in this scries were a toothpaste and 
a mouthwash containing hexachlorophene, at 
tl.05',0 and 0.02% levels, respectively. Twenty- 
three to thirty subjects were employed for each prod- 
uct and a water control. The procedure was stan- 
dardiz.eil as follows: The subject brushed with tlie 


Taiile I. — REFRODUciniLny of Bacterial Counts of Reflicate Buccal Tissue Scrapings'’ 


Buccal 

tissue 

replicate 









1 

■> 

3 

1 


(1 

7 

s 

a 

,52, UK) 

48,-120 

132,480 

123,810 

2,740 

53,020 

16,000 

8,640 

b 

-10,-150 

50,000 

115,200 

10.3.080 

5,120 

89,280 

15,630 

16,000 

c 

39,080 

00,780 

09,120 

12.3,840 

2,880 

70,080 

10,960 

7,320 

d 

GO, 380 

57,820 

135, .300 

98,000 

5,120 

74,880 

18.240 

12,800 

Mean 

49,GC8 

57,255 

113,040 

112,340 

3,905 

71,815 

16,708 

11,190 


The scrapings collected in a curette are obtained after several contact strokes on tiic inside of the mouth (buccal tissue). 
The area samples represent a small fraction of the mouth tissue. 


^ Mayhoefer chalazion curette, No 3. 

* Whatman §2, 12 7 mm diameter. 

* Twenty-four hour culture in Nutrient Brotli (Difeo) — 
1 % Inoculum. * 

< Twenty-four hour culture in Microinoculiim Broth 
(Difeo) — 1% Inoculum. 


dentifrice or swished with the mouthwash once in 
the morning for a period of one minute followed by 
two five-second water rinses. Before and immedi- 
ately after the oral treatment buccal scrapings were 
taken for bacterial counts in the prescribed manner. 
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Two hours later repeat buccal tissue scrapings were count rose after two hours to a value actually higher 
removed for analysis. Average per cent reductions than the initial. The water control was without ef- 
m bacterial counts are given in Table III. feet in the buccal tissue count test. 


Table II.- 

-Effect of Single Brushings with an Antiseptic Dentifrice, Plain Dentifrice, and 
Water on Buccal Tissue Counts (4 Replicates) 




• W ater— — 

Plain 

Dentifrice 

Antiseptic 

Dentifrice 

Subject" 


Before 

After 

Before 

After 

Before 

After 

1 


2,740 

6,400 

9.280 

3,140 

10,160 

460 



5,120 

8,960 

11,520 

1,500 

11,280 

1,620 



2,880 

17,280 

11,200 

1,650 

8,480 

210 



5,120 

6,400 

11,200 

9,920 

9,280 

120 


Mean 

3,965 

9,760 

10,725 

4,053 

9,800 

603 

2 


53,020 

66,240 

8,640 

1,030 

34,130 

280 



89,280 

86,400 

7,360 

2,150 

33,760 

340 



70,080 

67,200 

8,320 

7,360 

30,390 

360 



74,880 

77,760 

8,320 

7,040 

9,920 

430 


Mean 

71,815 

74,400 

8,160 

4,395 

29,278 

353 

3 


8,640 

30,080 

13,760 

2,940 

33,240 

1,980 



16,000 

23,360 

20,480 

5,350 

39,620 

920 



7,320 

26,880 

15,360 

4,480 

39,960 

1,060 



12,800 

27,520 

23,080 

5,440 

43,050 

1,020 


Mean 

11,190 

20,960 

18,320 

4,553 

38,968 

1.245 


" BrushinKs with dentifrices and water made on different days. 


Table III. — Per Cent Reductions in Bacterial Counts of Buccal Tissue Scrapings Following a 
Single Oral Treatment" with Commercial Dentifrices and Mouthwashes 



No of 

Antiseptic 

AntibacteriaJ Effectiveness 

/ — Immediately After — % ^ 2 Hours Later s 

Av. % Reversals, Av % Pever^als, 


Subjects 

Component 

Reduction 

% 

Reduction 

% 

Dentifrice: 

A 

27 

0 05% Hexachloro- 

94 

0 

4o 

11 

B 

26 

phene 

49 

13 

3 

54 

C 

28 


35 

25 

-20 

60 

D 

28 


52 

10 

-36 

78 

E 

30 


37 

27 

-14 

53 

Mouthwash: 

F 

28 

Thymol; boric and 

61 

14 

-24 

64 

G 

23 

benzoic acid; al- 
cohol 

0 02% Hexachloro- 

95 

0 

30 

17 

Water 

26 

phene; alcohol 

-22 

77 

-26 

69 


" The subject brusbed with a dentdnee for one mmute followed by two five-second rmses with water. With the undiluted 
mouthwash or water control, the subject swished 10-20 ml sample for 1 minute, followed by two five-second rinses n ith water 
A reversal refers to a buccal tissue count hisher after treatment than before 


From the results, it is evident that the dentifrices 
and mouthwashes act to give an immediate reduction 
in buccal tissue count Dentifrice A with 0.05% 
hexachlorophene gave an average reduction in bac- 
terial count of 94%. This was significantlj’' better 
than the other dentifrices. The reduction in buccal 
tissue count effected by Dentifrice A was still evident 
two hours after the single treatment. The other 
products did not show any residual effect. The out- 
standing action of Dentifrice A is also apparent in 
comparing the reversals (increase in count) for the 
different preparations With the dentifrice contain- 
ing hexachlorophene, there were no reversals imme- 
diately after treatment and a significantly lower 
number of reversals two hours later. Mouthwash G 
with 0 02% he.vachlorophene gave an immediate 
reduction in buccal tissue count of 95% and the 
count remained depressed for at least two hours 
Mouthwash F with thiTuoI and other ingredients 
showed a 61% immediate reduction but the average 


Buccal Epithelial Substantivity Test Results. — 
The ability of dentifrices and mouthwashes to show 
a residual antiseptic effect on oral flora after brush- 
ing or swishing was investigated employing the 
Buccal Epithelial Substantivity Test described 
previously Buccal tissue scrapings were removed 
from subjects’ mouths in the designated manner 
prior to a single treatment* with an oral product. 
Immediately after use of the product, and one, two, 
and four hours later, additional samples were taken. 
Duplicate samples of buccal tissue scrapings for 
each period were evaluated for their inhibitorj- effect, 
one against j1/. pyogenes var, aureus and the other 
against L. casei. Per cent reductions in bacterial 
counts are recorded in Table IV. 

The results give convincing evidence of the affinity 
of hexachlorophene to buccal tissue of subjects' 
mouths treated with Dentifrice A containing 0.05% 

•One minute brushing or snishing folloued by two five- 
«iecond rinsings. 
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BEFORE 

BRUSHIUO 


II.WEDIATELY AFTER 
BRUSHIUO 


1 HOUR AFTER 
BRUSHIUO 


2 HOURS AFTER 
BRUSHIUO 



I 


1 



1 

I 



^ 


DEinriFRICE A 
(O.OS^ HEXACHLO.ROPHEME) 



DEtfTIFRICE C 

(SODIUM LAURYL SARCOSIHATE) 

Fig 1 Plioliiniicriigr.iplis (176 X ) of cont.nct arcac of buccal ti'^suc to agar showing tlic sustained inhibi- 
torv effect of (Icntifncc .igainst /.artohacil/iis aisri Dcntrifricc C is without effect. 


before IW-tEDIATELY AFTER I HOIK AFTER 

BRUSHIUO BRUSHII,‘0 BRUSHILO 


2 HOURS AFTER 
BRUSHIUO 




”or"- 

'V' N. , 


DEirriFRICE A 
(O.OSI HEXACHLOROPHENE) 

•'i*. ■ ( 


r, 

' 'O ? 




L ^ 

-'I? 


oO 


<• 


O 

] ~ o o 






DENTIFRICE C • 

(SODIU\! LAURYL SARCOSINATE) 

Fig 2 —Photomicrographs (175 X) of contact areas of buccal tissue to agar showing thc sustained inhibi- 
tory effect of dentifrice A against M pyot^cucs var aureus. Dentifrice C is without effect. 
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Table IV.— Buccal Epithelial Substaiitivitv Data tor Dentrifices and Mouthwashes 



Antiseptic 

Reduction in Bacterial Counts of Contact Area, %■ 

Before Immediately 1 Hour 2 Hours 

Treatment After Later Later 

4 Hours 
Later 


Ingredient 


L3 


h 

M 

L 


L 

M 

L 

Dentifrice : 

A 

0.05% G-11 

<10 

<10 

100 

100 

73 

74 

55 

46 

<10 

32 

B 

<10 

<10 

<10 

<10 

<10 

<10 

<10 

<10 

<10 

<10 

C 


<10 

<10 

27 

10 

<10 

<10 

<10 

<10 

<10 

<10 

D 


<10 

<10 

<10 

<10 

15 

<10 

<10 

<10 

<10 

<10 

Mouthwash: 

F 

Thymol ; boric and 

<10 

<10 

<10 

<10 

<10 

<10 

<10 

<10 

<10 

<10 

G 

benzoic acid ; alco- 
hol 

0.02% G-11; alcohol 

<10 

<10 

100 

100 

76 

100 

46 

77 

21 

23 

Saline 

<10 

<10 

<10 

<10 

<10 

<10 

<10 

<10 

<10 

<10 


M denotes Micrococcus pyogcues var. aureus. ^ L denotes Laclobacillns casei. 


hexadilorophene or Mouthwash G with 0.02% hex- 
achlorophene. Immediatelj' after brushing with the 
paste or swishing with mouthwash the buccal tissue 
develops strong antibacterial activity, as indicated 
by the complete inhibition of bacterial growth. The 
inhibitory nature of the buccal tissue persists at 
least up to four hours after the treatment. Ordi- 
nary dentifrices and Mouthwash F show little or no 
effect in developing an antibacterial mantle on buc- 
cal tissue. Saline shows no effect in this test. 

Photomicrographs of seeded agar surfaces ex- 
posed to buccal tissue scrapings are shown in Figs. 1 
and 2, The areas shown contrast the action of the 
hexachlorophene dentifrice which imparts strong 
antibacterial activity, with that of an ordinary den- 
tifrice showing no activity. 

DISCUSSION 

Two reliable methods employing buccal tissue for 
evaluating the antiseptic properties of oral products 
like dentifrices and mouthwashes are described. 
Wide fluctuations in counts are not the rule as ob- 
served in the older methods employing saliva as the 
substrate. 

The reduction in buccal tissue counts is considered 
a sound measure of the effectiveness of oral antiseptic 
products since the tissue is constantly exposed to 
bacteria-rich saliva. Buccal tissue counts, in a 
sense, reflect the oral cavity environment with re- 
spect to t}*pe and number of bacteria. It is, there- 
fore, noteworthy that the buccal count remains rel- 
atively low in the presence of a tissue-substantive 
antiseptic like hexachlorophene in a mouthwash or 
dentifrice. 

Hexachlorophene is known to be a potent bacterio- 
static agent at very low concentrations. Bnnever 
and co-workers (5) reported that growth of oral bae- 
teria (pooled human saliva) and resultant acid pro- 
duction were completely inhibited in a dextrose- 
peptone medium containing as low as 0.125 p. p. m. 
hexachlorophene. 

Florestano and co-workers reported (6) that or- 
ganisms such as streptococci, staphylococci, pneu- 
mococci, lactobacilli, fusiform bacillus, Klebsiella 
pneumoniae, Proteus vulgaris, Borrelia vincenti, and 
other spirochetes are constantly found in the mouth 
both in health and disease. They point out that the 
mouth tissue cannot be disinfected and the only 
practical approach to control potentially harmful 
oral microorganisms is to keep down their numbers. 


The action of oral products in controlling bacterial 
growth in the mouth is readily assessed by the buccal 
tissue count test. The ability of an antiseptic in an 
oral product to cling to the mouth tissues and to con- 
tinue to act for a sustained period is readily demon- 
strated in the buccal epithelial substantivity test. 
In the cases of a hexachlorophene-containmg denti- 
frice or mouthwash, the buccal epithelial substan- 
tivity test data show a persistence of the antiseptic on 
buccal tissue at least up to four hours after a single 
oral treatment. 

The buccal epithelial substantivity test can be 
modified by employing other test organisms to de- 
termine the activity of the oral products against a 
wide spectrum of bacteria. For example, in addi- 
tion to testing ill. pyogenes var. aureus and L. casei, 
other organisms such as those noted by Florestano 
(6) and even a heterogeneous oral flora culture from 
saliva can be used . Antibacterial activity for mouth 
tissue in the buccal epithelial substantivity test is a 
strong indication that bacteria on oral tissues in vivo 
are unable to multiply. 

Substrates other than buccal tissue scrapings have 
also been used in assessing substantivity of antisep- 
tics to oral sitffaces. For example, tooth plaques 
can be removed from the mouth and shown to have 
an inhibitorj' effect against bacteria following oral 
treatment with the hexachlorophene-containing 
mouthwash or dentifrice. 

The buccal tissue count test employing differen- 
tial media is applicable in evaluating the effective- 
ness of antiseptic oral products with respect to the 
different bacterial species that comprise oral flora. 
For example, by plating, out buccal scrapings sam- 
ples into blood agar, the hemolytic streptococci and 
micrococci can be detected and counted. Hexachlo- 
rophene-containing dentifrice and mouthwash 
were found to be effective in reducing the buccal tis- 
sue counts of these hemolytic cocci. The reduction 
persisted for several hours. 


(I) Hadley, F. P.. J. Vtnial Research, 13, 415(1933) 
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An Evaluation of the Pharmacologic Activity 
of a New Series of Chalcone Derivatives* 


By G. VICTOR ROSSI and ELIAS W. PACKMAN 

A series of fourteen new chalcone derivatives, synthesized as potential antagonists of 
norepinephrine biogenesis, were evaluated with regard to their hypotensive potenc)' 
in the normotensive dog. The compound 2-(2-dimethylaminoethoxy) chalcone 
citrate, selected as the most active member of this group, was subjected to further 
study including determination of depressor effect in the hypertensive rat, acute toxic- 
ity, influence on epinephrine toxicity, and modifleation of barbiturate induced "sleep- 
ing time.” This series of chalcones was also screened for antihistaminic and anti- 
spasmodic activity' on isolated guinea pig ileum, and the three most effective com- 
pounds in this respect were examined for their ability to inhibit the histamine de- 
pressor response in the cat. The chalcones investigated in this study compared un- 
favorably with available therapeutic agents in regard to specificity, potency, and 
duration of action. Recommendation is made for synthesis of additional chalcones 
with consideration given to the activities reported. 


/^LARK (I) REPORTHD III 195.'] that certain 
hyciroxychalconcs inhibit .3,‘1-tIihydroxy- 
phcnylalanine (dopa) decarboxylase. Presuming 
that active chalcones could be synthesized, this 
finding suggested the possibility of blocking tlie 
biogenesis of norepineiilirine, the adrenergic 
neurohunioral transmitter. Such compounds 
might reasonably be expected to possess hypo- 
tensive activity. 

Hyciroxychalconcs have been found to interfere 
with the activity of various enzyme systems. 
Hcilcr (2) has shown that these compounds in- 
hibit the activity of choline acetylasc. Certain 
substituted chalcones, notably .'],.'!',-l.-r-tctra- 
hvdroxychalcones, were found b\' Boiler and 
Martin to function as effective inhibitors of rat 
liver xanthine oxidase in vitro (3) and in vivo (-1). 
Hydroxychalcones were reported by Bartlett (5) 
to inhibit succinoxidase activity, [irobably due to 
the formation of ciuinones which react with essen- 
tial sulfliydryl groups of the enzyme. 

On the basis of Clark’s observations (1), Pack- 
man and Rubin (G) prepared a series of chalcone 
derivatives as potential antagonists of norepine- 
phrine biosynthesis. This report is primarily 
concerned with an evaluation of the blood pre.s- 
sure reducing activity of these compounds. 
However, certain of the stnictural features of 
these chalcones also warranted investigation of 
their antihistaminic activity. Notably, the 
groups joined b\- ether linkage to the chalcone 
nucleus are disubstituted alkylamino moieties, 
forming a structural class to which manj' potent 
antihistamines belong. The terminal nitrogen is 
tertiary, with some of the compounds possessing 
the N-dimethyl group generally' found to be 
optimal for antihistaminic activity. 

* Received from the LaWall Memorial Laboratory of 
Pharmacology and Biochemistry, Philadelphia College of 
Pharmacy and Science, Philadelphia •!, Fa. 

This study was supported in part by a research grant from 
the National Drufi: Company, Philadelphia 44, Pa. 


EXPERIMENTAL 

Of the iiriginnl scries of compounds synthesized 
by P.-ickiimn .ond Rubin (0), those li.sted in Table I 
were availalile for pharm.acologic evalu.ation.' 
Henceforth in this report the compounds will be re- 
ferred to by the code letter assigned for the investi- 
gation. 

Hypotensive Activity in Normotensive Dogs. — 
I'ourtccn chalcone derivatives were c-xamined for 
tlicir ability to lower blood pressure and reduce the 
prc.ssor response to epinephrine and occlusion of the 
carotid arteries in healthy, nomiotcnsive, vagally 
dencrv.'ited mongrel dogs, anesthetized with 35 
mg./Kg. of pentobarbital sodium injected intra- 
venously. Blood pressure was recorded directly 
from a femoral .artery. In this study tlic clialcones 
were injected intravenously (femoral vein) in geo- 
metrically progressing doses beginning with 1 mg./ 
Kg. Succeeding rioscs ivcre injected after the blood 
pressure rctunicd to pretreatment level or after an 
interval of twenty minutes if the preceding dose had 
no significant effect. This procedure continued until 
the dcatli of the animal occurred. Epinephrine 
hydrochloride (0.25 to 0.5 ml. of a 1 :20,000 solution, 
depending upon the sensitivity of tlie animal) was 
injected intravenously ten minutes after adrainis- 
tnitioii of cacli dose of the clialcone. Five minutes 
after tlie injection of epinephrine, the carotid sinus 
reflex was evoked by clamping both common carotid 
arteries for an interval of tliirty seconds. The pres- 
sor responses following cacli procedure were com- 
pared with a series of uiiifonn resiioiises elicited prior 
to administration of tlie first dose of clialcone. The 
(lata obtained in this studv arc summarized in Table 
II. 

Witli the exception of compound A, none of the 
chalcones examined produced a sustained (sixty 
iiiimitcs or more) reduction of blood pressure in 
sublcthal concentrations. None of tlie animals sur- 
vived the 32 mg./Kg. intravenous dose (representing 
a cumulative concentration of 03 mg./Kg.); in many 
cases death occurred rapidly after administration of 
the 16 mg./Kg. dose. Immediate post-mortem 

1 The chntcones employed in this study were generously 
supplied by Dr. Nathan Rubin, Department of Chernis^i, 
Philadelphia CollcKc of Pharmacy and Science, and Dr. 
Albert Packman, Department of Organic Ch^istry. Na- 
tional Drug Company Research Laboratories, Philadelpnia. 
Pa, 
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Table I. — A New Series of Chalcone 
Derivatives" 


CH— CH — c=o 



i 4' 


Chalcone 

Position 


Code 

Letter 

Group Substituted on 
Chalcone 

on 

Chalcone 

Anion 

A 

(CMijjNCHrCHiO— 

2 

Citrate 

C 

(CsHiliNCHsCHsO— 

2 

Citrate 

D 

(CjHdsNCH-CHjCHjO— 

4 

HCl 

E 

(CH))jNCH»CHiO— 

4 

Citrate 

F 

(CHdsNCHiCHiCHjO— 

4 

HCl 

G 

(C-HfijNCH-CHrO— 

4" 

HCl 

H 

(CHil-NCHiCHjCHiO— 

4' 

HCl 

I 

(CjHdiNCHjCHsO— 

O' 

Citrate 

J 

(CHdjNCHjCHiO— 

4 

HCl 

K 

(dDjNCHiCH.O— 

r 

HCl 

U 

(CH1--CH— jjNCHiCHjO- 
1 

- 4 

HCl 

N 

1 

CHj 

(CrHOiNCHaCHiO— 

4 

Citrate 


AdtliUonal Compounds 
CH=CH— C==0 



4 


Alpha-(2-thenoyl)'beta-phenylethylene 

Position 

on 

Code Group Substituted ou Beneene 

Letter Benzene Ring Ring Anion 

B (CHj).NCHjCH, 0— 4 HCl 

L {CrHi)iNCHtCHsO— 4 Citrate 

" The method of numbering the substituted chalcones is 
based on the system used in Chemical Abstracts. 

examination revealed diastolic cardiac arrest and 
marked venous congestion. 

The foregoing procedure provides a convenient, 
standardized basis for the comparative evaluation of 
the hypotensive activity of groups of compounds. 
However, the dose-response relationship is obviously 
distorted to an unknown extent by the residue of 
previously administered doses. Therefore it was 
considered desirable to determine the effects of single 
doses of tile most active chalcone of this series 
(compound d ) in a larger group of animals. Com- 
pound A injected intravenously in a dose of 4 mg./ 
Kg. produced a slight (20 to 30 mm. Hg) rapid but 
transient (five to twenty minutes duration) drop in 
mean arterial blood pressure in both intact (iV = 7)- 
and vagally denervated (AT = 3) mongrel dogs 
anesthetized with pentobarbital sodium. The re- 
duction in arterial pressure obtained with an intra- 
venous dose of S mg. /Kg. was not appreciably 
greater (20 to 40 mm. Hg), however the duration of 
the depressor response was extended from sixty to 
one hundred and twenty minutes in both intact 


{N — 10) and vagally denervated dogs {N — 4). 

Hypotensive Activity in Hypertensive Rats.* — 
Various methods of inducing experimental hyper- 
tension were investigated. The procedure employed 
in this study was selected on the basis of the pro- 
duction of persistent, moderately severe hyperten- 
sion in a. high percentage of animals operated upon, 
coupled with a high rate of survival. 

Hypertension was induced in male Sherman rats, 
weighing approximately 175 Gm., by applying a 
figure-8 ligature, made with coarse thread, to one 
kidney stripped of fascia; removal of the contra- 
lateral kidney two weeks later, and subcutaneous 
implantation of a single TS-mg. pellet of desoxy- 
corticosterone acetate in the shoulder area. All 
animals were maintained in constant temperature 
quarters with free access to Rockland Rat Diet and 
tap water. 

Blood pressure was determined in the unanesthe- 
tized rat under standard conditions (7) by the photo- 
electric tensometer method (8), incorporating minor 
modifications which have increased accuracy and 
ease of performance. Only rats developing sus- 
tained systolic blood pressure of 170 mm. Hg, or 
greater, were emploj'ed. The animals were ran- 
domlj’' separated into experimental groups with 
comparable pretreatment blood pressures. 

The hypotensive activity of compound A in 
doses of 4 and 8 mg. /Kg. injected intraperitoneally, 
and 8 and 16 mg,/Kg. administered orally, was 
compared in each case with hydralazine (Apresoline) 
administered in doses Vio as great (i.e., 0.4 and 0.8 
ing./Kg., intraperitoneally; 0.8 and 1.6 mg./fCg., 
per os). All solutions were prepared in distilled 
water. 

Under the conditions of this investigation the 
blood pressures of chronic hypertensive rats re- 
ceiving only distilled water orally or intraperi- 
toneally remained very stable when measured 1, 2, 4, 
and 6 hours after administration. Mild reduction 
in systolic blood pressure, which was largely dis- 
sipated after four hours, followed intraperitoneal in- 
jection of 4 mg./Kg. of compound A (Table III). 
Increase in dosage to 8 mg./Kg. resulted in only 
slight increase in the degree and duration of de- 
pressor activity. Comparable effects were elicited 
by 16 mg./Kg. of compound A administered orally, 
indicating a moderate degree of gastrointestinal 
absorption. It is interesting to note that the intra- 
peritoneal and oral LDso values of compound A 
obtained in mice differ by a factor (approximately 4) 
similar to the ratio between doses of compound A 
producing equivalent decreases in blood pressure 
by oral and intraperitoneal routes of administration. 

A greater degree and duration of blood pressure 
reduction in the hypertensive rat was obtained with 
hydralazine administered orally and intraperitone- 
ally in doses only Vio as large as those of compound 

Acute Toxicity.— -Female Swiss Webster mice 
(HTF strain) weighing from 18 to 22 Gm. and 
fasted for twelve hours with free access to water 
were used throughout these studies. The LDso 
values for compound A were determined by the 
oral, intraperitoneal and intravenous routes of ad- 
ministration. Those animals which succumbed 


2 fV <lcnot(bs number of qm'ma!*) used, 


ej wish to acknowledge the assistance of Air. 

Gofdstem dunng this phase of the investigation. 
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Table II — -ErrECTS or a Series or Chalcones on Blood Pressure, Reseonse to Epinephrine, and 

Carotid Artery Occlusion” 
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— 

— 

- Dose 
(_ 

m mg 

/Kr 

g_ 




,] p 


32 

r 

Compil 

N*" 



eSR-^ 

"bp 

rpi 

CSR 


I.IM 

CSR 

BP 

Epi 

CSR 

pp 

BP 

npi 

CSR 

A 

5 

0 

-32 

-28 


- 10 

-41 

32 

-no 

-''.8 

nis* 

-00 

-7.1 

2/.1 

72s 

-07 

-90 

3/5 

B 

» 

0 

0 

0 

0 

0 

0 

td 

0 

0 

td 

0 

0 

1/2 

td 

0 

0 

1/2 

C 

3 

0 

- 8 

-ITi 

td 

-HI 

— 2‘> 

HI 

-30 

-SO 

11 

-48 

-00 

2/3 

GO 

-07 

-00 

1/3 

D 

2 

0 

0 

0 

Id 

0 

0 

Id 

0 

-10 

33 

0 

- 17 

1/2 

24 

-10 

-90 

1/2 

E 

o 

0 

0 

0 

td 

+ rt 

0 

td 

+ 21 

0 

td 

+ 27 

- 7 

1/2 

20 

0 

-00 

1/2 

r 

o 

0 

0 

0 

0 

0 

-1» 

td 

0 

-2-* 

td 

0 

OfJ 

1/2 

td 

0 

-20 

1/2 

G 

o 

0 

- n 

0 

td 

0 

0 

td 

0 

+ 7 

td 

+ 21 

0 

1/2 

td 

+ 2G 

-37 

1/2 

ir 

2 

0 

0 

0 

0 

0 

0 

td 

0 

0 

td 

0 

— 22 

0 

td 

-IG 

-40 

2/2 

I 

3 

0 

0 

- 7 

0 

0 

-10 

td 

0 

— 2 * 

td 

0 

-20 

2/3 

td 

+ 10 

-20 

1/3 

J 

2 

0 

0 

0 

0 

0 

+ 10 

td 

0 

+ 1'. 

td 

-1.1 

+ 01 

0 

td 

-37 

-12 

2/2 

K 

o 

0 

0 

0 

0 

0 

- 12 

td 

0 

— 1 i 

td 

0 

-31 

0 

td 

-n 

-80 

2/2 

L 

o 

0 

0 

0 

0 

+ n 

0 

0 

23 

0 

td 

+ 22 

-21 

1/2 

td 

+10 

0 

1/2 

M 

3 

0 

0 

-28 

td 

0 

- m 

Id 

0 

-f.7 

61 

0 

-00 

2/3 

00 

0 

-90 

1/.3 

N 

2 

0 

0 

0 

0 

0 

0 

td 

0 

0 

td 
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0 

0 

td 

0 

-40 

2/2 


* All cxpcrimciUs ptrf^irnicd in pLntobnrlnt il sodium ancsthtti/td norinottfisivc vnj’nll> dcncr\atetl monKrcl doRs 
^ All (loses injcclcd tnlTu\in(»vislj (fcmi'rul \c»n) Swccccdinj: d<»scs injcclcd after III* rttiirncd to normal or after inters al 
of tncnt> minutts if preceding, dose hud no sii'nlficunt effect 
N = Number of imrnals ostil 

'f HP *= Mean dccrcnst in bhjod pressure in mm Hr (recorded from the femoral arterj) 

' Lpi *= Mean per cent chuni,e in response to in(ru\enoiis epinephrine hydrochloride (0 2'» to 0 /j ml of 1 20,000 solution) 
^ CSR = r^Icnn per cent chunre in resrionse to occlusion of the cirotid arteries for thirty seconds 

0 I S3 I ntiil (No (lied No used) * td •-« I runsient drop in tilood pressure *s Sustained for 00 minutes or more 


Tadli III 


CoMPAKATivr IlYpoirssrvi: Kirixx or Compound A and Hvdralazinx 
IN Tiir HvpHRTrNSivi: Rat** 


Mc»n 

Pretrealment 
Blood 
Pressure 
fSy stolie) 
mm Hf 

linn. 

I >(ISC 

"It. Kg 

Uotiic <4 
Athninislr'iintn 

^Ic»n Rciluction in Blood Pressure, 
mm Hg 

3 ime m Hours after 

Administration of Drug — 

1 o 1 r. 

S D 
mm Hg 

230 

Compound .1 

4 

' P 

21 

25 

11 

0 

±5 

213 

Hjdral.izmc 

0 4 

1. p 

20 

27 

14 

1 


223 

Compound .1 

.S 

1 P 

28 

37 

21 

3 

±3 

222 

Iljdral.izme 

0 h 

I p. 

70 

77 

50 

3 


215 

Compound .1 

8 

per os 

10 

10 

7 

1 

±7 

230 

Hj dralazmc 

0 S 

per os 

12 

47 

22 

4 


200 

Compound .4 

111 

ptr os 

21 

21 

7 

1 

zb8 

208 

Hidral.izine 

1 0 

per os 

.■)8 

.■)S 

25 

8 



lU in vU Kroup* 


cIkI so Hithiii four hours lifter iiitr.icsoph.iKc.il or 
inlr.ipcntoiical injection, or nithiii thirty imnntcs 
.liter intravenous injection In each ease, death 
was preceded by saltation, at.iMa, tremor, .uid 
dome convulsions Iiniiiedi.itc postmortem c\- 
ammation revealed marked venous coiiKCstion and 
diastolic cardiac arrest LDmi values and their 
limits of error were calculated according to a molli- 
fication of the metliod of Epstein and Clinrchm.in 

(9) 

The oral LDio of componiul A was found to be 003 
mg /Kg (95% Fiducial limits of .537 and 070 mg / 
Kg ), the intrapcritoncal LDjo was determined to be 
158 mg /Kg (95% Fiducial limits of 148 and 170 
ing /Kg ); and ttie intravenous LD o W'as calculated 
to be 40 S mg /Kg (95% Fiducial limits of 37 2 
and 44 7 mg /Kg ) in mice. 

Administration of equivalent doses of compound 
A to female Sherman rats (Scott Farms) weigliing 
from 100 to 175 Gm indicated the LDjo values to be 
within the ranges noted for mice The intravenous 
LDio of compound A obtained in mice closely cor- 
responds to the intravenous doses wliich produced 
death m ancsthetired dogs during tlie dctcrmiiiatioii 
of the hypotensive activity of this molecule 


Reduction of Epinephrine Toxicity in Mice. — Tlie 
degree and duration of protection provided bv com- 
jioimd .1 .igainst tlie lethal effect of epinephrine in 
mice w.is iletcrmincd according to the method of 
Loew and Micctich (10) witli minor modification 
3'lie (ioscs of compound A employed were 39 5 and 
79 nig /Kg (representing V< and '/■ of the intra- 
])Critoncal LD-o, respectively), inj'ected intraperi- 
toncally into various groups cacli composed of 20 
inicc Tlicsc doses of compound A were compared 
to 10 mg /Kg of tolazoline (Priscoline) liydrochlor- 
hIc iiijecteil intrapcritoneallv. At varying time 
intcrv.ils (15, 30. GO, and 120 minutes) after ad- 
inmistration of cither saline, compound A or tolazo- 
hnc. the mice were injected intraperitoneally tvitli a 
standard dose of 14 4 mg /Kg of epinephrine hj dro- 
chloridc Tins conceutration of epinephrine suf- 
ficed to kill an average of 85% of the unprotected 
(saline injected) control animals as indicated by the 
dotted line in Fig 1 

Administration of both Vi Rad 'A of tf'o intra- 
pcritoucal LD6o of compound A reduced the lethal 
c/fecis of epinephrine at tlie 15, 30, and 60-minutc 
test periods This activitv w.is dissipated m two 
hours and the mortality returned to the qontrol 
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Fig 1 — Reduction of epinephrine toMcity in 
mice Saline control - - Compound 39 5 

mg /Kg , 1 p , , compound A 79 mg /Kg , 

I p . . Tolazoline 10 mg /Kg , i p , — — 

Each group of 20 mice received epmephrme HCl, 
14 4 mg /Kg , i p , at the time interval indicated 
after administration of the test solution 


level A greater degree and duration of protection 
against the toxic effects of epinephrine was provided 
by a significantly smaller dose ( 10 mg /Kg ) of 
tolazoline 

The reduction of epinephrine toxicity in mice with 
a given compound does not necessarily indicate 
adrenergic blocking activity (10) Other experi- 
ments have demonstrated that compound A 
possesses marked cardioinhibitory and vasodilator 
activity, both effects which might account for its 
ability to decrease the lethal action of epmephrme 

Prolongation of Sleeping Time m Mice. — During 
the evaluation of the hypotensive activity of com 
pound A in pentobarbital sodium anesthetized dogs, 
it was consistently noted that the animals remained 
unconscious for protracted periods without supple 
mentation of the onginal dose of anesthetic On 
this basis It was considered desirable to investigate 
the effect of this chalcone on the duration of bar 
biturate induced sleeping time in mice 

Compound A was injected intrapentoneallv into 
\ arymg groups of rnice^ in doses of 39 5 and 79 
mg /Kg (representing 1/4 and Vs of the intraperi 
toneal LD50, respectivelj') ten minutes prior to 
intrapentoneal administration of either saline (con 
trol), 45 mg /Kg of pentobarbital sodium or 112 
mg /Kg of hexobarbital sodium The interval 
between administration of the barbiturate and re 
appearance of the “righting reflex" (animal turns 
spontaneously over into normal position but max 
continue to sleep) was recorded as the ‘ sleeping 
time” (11) 

Pretreitnicnt with doses of compound 1 (39 6 
uid 79 mg /Kg ) which produced onlj mild ataxii, 

* Descnbed m the section on acute toxicit> 


markedly prolonged the duration of hypnosis in 
mice induced by either pentobarbital sodium or 
hexobarbital sodium (Table IV) “Sleeping time” 
following administration of 45 mg /Kg of pento 
barbital sodium w as increased by a factor of 5 8 
by prior injection of 79 mg /Kg of compound A 
without any mortality in the group The hypnotic 
effect of hexobarbital sodium, in the dose emploj ed, 
was also prolonged but to a lesser extent 

This experiment was repeated using the same ma- 
terials as outlined above, but the procedure was 
modified by administration of compound A ten 
minutes after injection of the barbiturates The 
prolongation of “sleeping time” folloxvmg post- 
treatment xvith compound A was considerably less 
than that obtained by pretreatment w ith comparable 
doses of the chalcone (results not reported) This 
difference may be largely attributed to the rela- 
tivelj short duration of action of the hjdroxychal- 
cones 

At this time we cannot account for the media 
nism bv which compound A prolongs the barbiturate 
hj'pnosis Preliminary investigation in this direc 
tion indicates a reduction in the rate of barbiturate 
excretion 

Antihistaimmc Activity. — The techniques em 
ployed and the results obtained in the evaluation of 
the antihistaminic and antispasmodic actixity of 
this new series of chalcone derivatives have been 
previously descnbed in detail by Rossi and Av ellino 
(12), therefore this phase of the investigation will 
be only briefly discussed m the present report 

The ability of each chalcone in the senes to 
inhibit histamine, acetj Icholine, and barium chloride 
induced spasms was compared with diphenhydra 
mine (Benadryl), atropine, and papavenne on iso 
lated guinea pig ileum according to a modification of 
the Magnus method On the basis of the techniques 
employed, compounds A, C, and D exhibited the 
greatest antispasmodic activity in vitro The re- 
sults obtained with these three chalcones on isolated 
gut are summarized in Table V 

The degree of inhibition of the characteristic de- 
pressor response to intravenous histamine m anes 
thetized cats obtained with various doses of the three 
most effective chalcones is compared with diphenhj 
dramine in Table VI These data indicate com 
pounds A, C, and D to be significantly less active 
than diphenhydramine tn vivo It is generallj 
recognized, however, that this procedure frequentlj 
does not proxide an adequate measure of the po 
tency differences between antihistaminic com- 
pounds 

From the data presented in Tables V and YI, it is 
evident that both the antihistaminic potencj and 
specificity of diphenhj dramine are considerablj 
greater than anj' of the compounds investigated 
It maj' therefore be concluded that this group of 
chalcones is dexoid of significant antihistaminic 
activitj 

DISCUSSION 

A new senes of chalcone derivatives synthesized 
as potential hxqiotensiv e agents have been evaluated 
for blood pressure reducing activity in the anesthe- 
tized normotensixe dog On the basis of this pre 
limmarj^ inx estigation, the most effective member of 
this series, 2-(2 dimethj laminoethow) chalcone 
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Table IV.- — Hfeect of Compound A on PnNTonARiiiTAL Sodium and IIexodardital 
Sodium Sleeping Time in Mice 


I'lrst 

mg / Kg 

Injection 

I P 

Compound A 

flO 5'' 

Compound A 

79.0' 

Saline 


Compound A 

:sfi r, 

Compound A 

79 0 

Saline 


Compound A 

.'19 r, 

Compound A 

79 0 


Scconit 

Injection 10 
Minute*! after 

mg /Ki 

First Inj’cctioii 

i P 

Saline 


Saline 

Pentobarbital 

47, 

Sodium 

Pentobarbital 

4.", 

Sodium 

Pentobarbital 

4.', 

Sodium 

He.xobarbital 

112 

Sodium 

Hexobarbital 

112 

Sodium 

I Icx'obarbital 

112 

Sodium 



Mean 

Sleeping 

'rime, 

Min 

Ratio 

X" 

0 


40 

f) 


40 

17 

id) 

40 

;!7 

2 2 

20 

98 

0.8 

20 

29 

1.0 

40 

.",1 

1.7 

20 

70 

2 4 

20 


“ X '=■ minih'‘r of nniinals hm<I 

I .{{I 'i iiiK K;; IS c(|in\a1cnt to ’ 4 of the 1 p f^Di') 4>f oiinpoiitul A iti tnicc 
' 70 0 WK fsp IS efpu\alcnl l<i • 't of the i p f.Dw <if cointiotiiiil A iii tmcc 


Table \' .Vverage Per Cent iNiiiiinioN op nii: 
Contractu I Responsi; to Histamine, Acetyl- 
choline, ANii IJarium Chloride in the Isolated 
Guinea Pio Ileum by Graded Hoses or the 
Most Actiye Ciiai.cones 


I ll^t.llnIIU•, 1(1 HICK /l(ll) ml 



Lunen 

of Antiik’onist in tnc/lOO ml 

Comiioiiml 

UtJOril 0 001 0 01 

0 1 

.\ 

n 

0 0 

10 

c 

II 

0 8 

18 

D 

li 

0 0 

14 

Dilihtnhv- 

0 

7.'! 8.-, 


drjn.mc 




\t i t\ Ich 

olme, lot) meg /lOO ml 



Conen of AntiijMinist tn niK /lOO ml 

Comi ouml 

0 01 

0 I 

1 0 

\ 

0 

0 

51 

C 

0 

.",8 

97 

D 

0 

GO 

90 

Diphcnhx - 

0 

70 

100 

dr.imiiK 




-Mropinc 

100 



Barniin Chloride, 

.’>00 meg./lOO ml 


Conen of Antaconist in rn^: / 1 00 ml 

Ctiniijouiul 

0 Cl 

0 

.■>0 0 

A 

GO 

97 

100 

c 

fit) 

100 

100 

D 

GO 

98 

100 

Diphenhy- 

5G 

100 

100 

dramine 




Papaverine 

10 

95 

100 


” Eiich fiKuro represents the rivernjje of determinations 
made on three isolated mtiscle strifts. 

citrate (designated as eomiioiiiid A ) was subjected 
to further study of depressor activity in the dog and 
in the unanestlietized hypertensive rat Compound 
A, administered orally and parentcrally, provided 
moderate reduction of blood pressure but for a period 
of time insufTicient to suggest possible clinical use- 
fulness. The mechanism of compound A in reduc- 
ing blood pressure has not'been fully elucidated, but 
appears to be the result of direct smooth muscle 
rela.xation in addition to incomplete adrenergic 
blockade. 

Tlie ability of the fourteen new chalcones to in- 
hibit histamine, acetylcholine, and barium chloride 


Table -Average Per Cent I.ntiibitio.n of the 
Depressor Response to IIistami.ne in the 
.\nt;sthetized Cat by Graded Doses of the 
Most .\ctive Chalco.n-es 


Histamine, 1 meg. /Kg. Intravenously 

Dose of ytntuKonist in mz /Kg. 


Cotnpoiirul 

I 

Intravenously 

.'1 

1 

A 

O’ 

0 

0 

10 

c 

0 

11 

23 

3 S 

D 

0 

0 

0 

0 

Diiihenhy- 

dramine 




GS 


'• niicli figiirL* represents the average of ileterminations 
in.iilc on Ini* or more .tnim.ils 

induced .sp.tsm «.ts cotiifiarcd with diphenhydra- 
minc, atrojiinc, and papaverine on i.solated guinea 
pig ileum. The three chalcones (compounds .4, 
C, and D) found most effective in vilro were also 
examined for tlicir ability to reduce the liistaininc 
depressor response itt the anesthetized cat. Al- 
though antihistaminic and atitispasmodic activity 
was manifested by certain members of this series, the 
potency and duration of activity was significantly 
less than that displayed by prescntl.v available com- 
|)ouiids in these categories. 

The scries of hydroxychalconcs which are the 
subject of this report represented an interesting 
theoretical aiiproach to the synthesis of hypotensive 
agents. The derivatives examined shared the major 
rlisarivantagcs of low’ potency, lack of specificity, 
and short duration of action. Synthesis of addi- 
tional members of this scries may provide chalcones 
with greater hypotensive or antihistaminic eflcctive- 
ncss. 

SUMMARY 

1. A series of fourteen new clialcone derixm- 
tives w’cre evaluated with regard to tlieir hypo- 
tensive poteney and ability to inhibit the pressor 
responses to epinephrine and oecltision of tlie 
carotid arteries in anesthetized nonnotensivc 
dogs, 
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2. The blood pressure reducing activity of the 
most effective member of the series, 2-(2-di- 
methylaminoethoxy) chalcone citrate (compound 
A), was compared with hydralazine in the un- 
anesthetized hypertensive rat. 

3. The acute toxicity of compound A and its 
influence on epinephrine toxicity and barbi- 
turate induced "sleeping time” ivere determined 
in mice. 

4. On the basis of structural similarity to 
certain antihistamines, the activity of this series 
of chalcones against histamine, acetylcholine, 
and barium chloride induced spasms was com- 
pared with diphenhydramine, atropine, and 
papaverine on isolated guinea pig ileum. Three 
of the most effective chalcones (compounds A, 
C. and D) were examined for their ability to 
inhibit the histamine depressor response in 
anesthetized cats. 

The chalcones investigated in this stud 3 ' 


exhibited relatively low specificity, low potency, 
and transient duration of action. Synthesis of 
additional chalcones, witli consideration given 
to the activities reported, is recommended. 
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Anticonvulsant Drug Combinations: 
Diphenylhydantoin Combined with Other 
Antiepileptics* 

By L. C. WEAVER,! E. A. SWINYARD, and L. S. GOODMAN 

Methods are presented for the study of drug combinations in which one compo- 
nent is active by the anticonvulsant test and both components are active by the neu- 
rotoxicity test. The effects of Dilantin on anti-Metrazol activity and neurotoxicity 
of five clinically useful antiepileptics were determined in mice and protective indices 
calculated. The anti-Metrazol activity of two combinations of Dilantin-Phenurone 
was significantly greater than that of Phenurone alone. The minimal neurotoxic 
doses of all combinations of Dilantin-Tridione and Dilantin-Mesantoin were sig- 
nificantly larger than those calculated on the basis of similar joint action of toxic- 
ities. The margin of safety of one combination of Dilantin-Mesantoin was signifi- 
cantly increased over that of the active component alone. 


A PREVIOUS PUBLICATION (1) described a 
method for the laboratorj' evaluation of 
combinations of two antiepileptic agents, both of 
which are active by the assay procedure em- 
ployed; the anticonvulsant activity of various 
combinations of diphenylhydantoin (Dilantin) 
and phenobarbital were determined by the maxi- 
mal electroshock seizure test. These studies have 


now been extended to anticonvulsant drug com- 
binations in which only one component of the 


* Received Januar>' 30, 1958, from the College of Phar- 
mac 3 ' and the College of Medicine, University of Utah. Salt 
LakeCit}', 

Tim M i.y grant from the Na- 
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'■ 5 Public Health Service. 
^ t Present address: Research Department, Pitman-Moore 
Company, Indianapolis, Ind. 


mixture is active by the test employed. Dilantin , 
a compound ineffective against pentylenetetra- 
zol (Metrazol)-induced seizures (2, 3), was com- 
bined with agents known to be effective against 
this convulsant, and the anti-Metrazol activity 
of the mixtures was then determined. In addi- 
tion, the minimal neurotoxic dose for each com- 
bination was measured. The results obtained 
provide the basis for this report. 

METHODS 

Assay Procedures.— Phenobarbital sodium, 

phenacemide (Phenurone^), trimethadione (Tri- 
methylphenylethylhydantoin (Mesan- 

' Supplied by Abbott Laboratories. 
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toiii“), and nicpliobarbiUil (McbaraP), alone and in 
combination with diphenyllij’dantoin (Dilantin'*) 
sodium, were tested in mice for ability to prevent 
pentylenetetrazol (MetrazoP)-induced seizures and 
for neurotoxicity. The quantity of each active 
drug tvhich protected 00% of mice from Melrazol 
(EDto) was combined witli 3, 0, and 12 mg. /Kg. of 
the inactive drug (Dilantin); in two experiments 
Phenurone and Tridionc were combined with 21 and 
30 mg./Kg. of Dilantin, respectively. Each com- 
bination was evaluated as a new drug. .Ml drugs 
and all drug combinations were administered 
orally in 10‘o acacia solution. Male albino mice 
(Carworth Farms, CF -fl strain), 17 to 37 Oin. wt. 
were used as e.xpcrimcntal animals; they were 
allowed free access to food (Purina Laboratory 
Chow) and water except during the actual lest 
period. .‘Vnticonvulsanl activity was determined 
by the Mctrazol seizure threshold (Met.) test (8.o 
mg./Kg. administered subcutaneously as a 0 .">% 
aqueous solution) and neurotoxicity was determined 
on the basis of signs of minimal overt neurological 
deficit. The details of the Met. lest and the end 
points employed for the determination of acute 
neurotoxicity in mice have been describeil else- 
where (4) .Ml tests were performed at the time of 
peak activity of the active eom[)oncnl (sec foot- 
notes, Table I). 

In the determination of anticonvulsant activity 
and neurotoxicity, groups of 8 to 12 mice were te.stcd 
with various doses of drug or drug combination 
until at least three points were established between 
the limits of complete protection or toxicity and no 
protection or toxicity. The results obtained were 
plotted on logarithmic probability paper and regres- 
sion lines fitted to the plotted points by the inethod 
of maxiimim likclihoocl. The dose of drug or drug 
eombination producing the desired end |)oint 
(protection or neurotoxicity) in .'lO' , of animals 
(EDso or TDsn) was computed The regression 
lines for anti-Metrazol activity and neurotoxicity 
of each drug and drug combination were testcil for 
parallelism for the Chi-square method described 
by Finney (5), and protective indices (TDm/EDw) 
were calculated. In those instances where fiducial 
limits were desired, a method de.scribcd by Finney 
(5) was utilized. 

Statistical Analysis. — The values obtained bj- the 
Met. test were analyzed for potentiation or antago- 
nism of aiiticoiivulsant activity. A significant 
change in anti-Metrazol activity was considered to 
have occurred when the 95% fiducial limits of the 
active component in the combination were outside 
those of the active component alone. When 
significantly less of the active drug iras required 
for 50% protection, the result was considered to 
represent potentiation; conversely, when signifi- 
cantly more of the active drug was required, the 
result was considered to represent antagonisni. 
Since all drugs and combinations used in these 
studies exhibited toxicity in appropriate doses, 
the neurotoxicit 3 ' values obtained were statisticallj' 
analyzed by the method described bj' Finnej' (5) 
for any departure from the prediction of similar 
joint action. 


1 Supplied by Sandoz Chemical t\iorks, Inc. 

I Supplied by SterliuE-Winthrop Research Institute. 
1 Supplied by Parke-Davis Company, 
t Supplied by Bilhuber-KuoU Corporation, 


KliSULTS 

The data obtained are summarized in Table I. 
The EDm-, calculated by the probit method of 
.'iiialysis are listed under the column marked anti- 
Metrazol activitj-. Under the general title neuro- 
toxicity are listed the calculated TD»-,, observed 
TDm-„ toxicity ratios, mean probit differences, and 
1’ values for the mean probit differences. The 
calculated TD»’, were mathematically derived by 
the probit method of Fiiinc}’ (5) for similar joint 
action, whereas the observed TDw, were deter- 
inined experimentally. The toxicitj' ratios were 
derived by dividing the calculated toxicity value 
by the ob.servcd toxicitj- %-aIuc; numbers below I.OO 
indicate an effect less than that calculated; numbers 
above 1.00 indicate an effect greater tlian that 
calculated. The mean probit difference is the 
constant vertical difference between the two 
jiarallel probit regression lines; it measures only 
the difference in effect of equal doses; it does not 
compare the magnitudes of equalU- effective do.scs. 
Comparison of the mean [irnbit difference witli its 
standard error provides a test for the significance of 
the departure from the prediction of simple addition 
on the basis of similar joint action; positive x'ahics 
of the mean jirobit difference indicate that the 
observed toxicity is greater than predicted; negative 
\-ahtcs, less than predicted. The P value denotes 
the significance of the departure. The protective 
index (ob.servcd TDjo divided by the ED») is 
shown in the last column. Because the toxicity 
regression lines for Phenurono and Phemirone- 
Dilaiitin combiiiation.s were not parallel, it was 
not possible to analj’zc the data by tlie method of 
probit analysis; therefore, these data were analyzed 
iiy the same method as used for anticonvulsant 
.ictivitj-. 

study of Table I reveals that, except for two 
combinations with Phemtrone, Dilantin had no 
signific.ant effect on the anti-Metrazol activit}' of 
the five tlrngs tested. In the two exceptions, tlie 
aiiiouiil of Phenurone required to protect 50% of 
animals was significantlj’ reduced by the addition 
of .small amounts of Dilantin. For c.xample, the 
EDji and 95'% fiducial limits of the combination 
conipo.scd of 10. 7% Dilantin and 83.3% Phenurone 
were 7-1.1 (5G.0-9S.2) mg./Kg., whereas for Plien- 
uronc alone they were 119.7 (111.2-129.5) mg./Kg. 
Thus, the anti-Metrazol activitj' of this particular 
combination was increased bj' approximatelj' 38% 
over that of Phcmirone alone. 

The ncurotoxicitj’ of Mebaral, Mesantoin, and 
Tridione was decreased below that expected (based 
on the prediction of similar joint action) bj' the 
addition of small amounts of Dilantin, whereas the 
nciirotoxieitj’ of phcnobarbital was not altered bj' 
such addition. Although no quantitative determi- 
nation could be made of the effect of Dilantin on 
the ncurotoxicitj' of Pheiuironc, the fact that tlie 
margins of safetj' (protective indices) were not 
significantlj' changed suggests that tlie increase in 
ncurotoxicitj' merelj' paralleled the increase in 
anti-Metrazol activitj'. 

Except for one combination (Dilantin 6.5%- 
Mesantoin 93.5%), there was no significant altera- 
tion in the protective indices of the seventeen 
combinations tested. The protective index and 
95% fiducial limits for this particular Dilantin- 
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TABLn I. Effect or Dilantin Sodium on the Anti-Mbtrazol Activity, Neurotoxicitv, and Pro- 

iBCTivE Index of Five Antibpileptic Drugs 


Anti-Metrazol 


-Neurotoxjctty- 


Drug OF X>rug 

Activity, 

Calcu- 

. — — Combination 

Active 

— . Active 

Component, 

lated Observed 

TDifl. TDao, 

Component 

%" 

mg /Kg 

mg /Kg mg /Kg. 

Fheno- 

barbital 

100 0 

20 3 

78 6 

Sodium 

87 2 

(18 9-21 8) 

15 9 

80 8 75 7 


77 4 

(13 1-19 3) 
19.0 

82 6 84 1 


63 0 

(15 9-21 8) 

17 6 

85 0 84 4 

Meb.ira! 

100 0 

(15 7-19 7) 
19.8 

64 1 


87.5 

(16 8-23 3) 

18 0 

66 6 83 2 


77 S 

(14 8-22 0) 

16 0 

68 1 S3 2 


63 0 

(13 5-19 0) 

19 1 

72 2 87 9 

Mesantoin 

100 0 

(17 3-21 1) 

42 8 

106 0 


93 5 

(35 7-51 2) 

34 3 

106 3 143 0 


87.8 

(28 8-40 8) 

45 9 

106 4 142.7 


78 3 

(41 3-51 1) 

51 6 

100 7 148 5 

Tndione 

100 0 

(41 0-65 0) 
371 6 

774 1 


99 2 

(342 8-402 7) 
363 4 

733 0 992 6 


98 5 

(330 4-399 1) 
381 6 

696 5 1070 0 


96 9 

(261 3-558 4) 
372 3 

634 3 1062 8 


92 7 

(314 0-441 5) 
331 8 

507 0 858 6 

Phenurone 

100 0 

(171 S-641 3) 
119 7 

‘ 372 6« 


97 6 

(111 2-129 5) 
100 6 

(344 4-402 7) 
372 1 


95 2 

(90 4-112 3) 
102 1 

(342 0-405 5) 
313 3 


90 9 

(83 8-124 5 ) 
94 2 

(270 4-363 1) 
352 2 


83 3 

(83 8-105 9) 
74 1 

(311 9-398 1) 
265 2 

Dilantin 

100 0 

(56 0-98 2) 

d 

(226 7-311 2) 

f 


Tox- 

Mean 

Probit 

icity 

Difference 

Ratic 

, sfc S E 

1 07 

-i-O 42 ± 0 41 

0 98 

-0 12 ± 0 41 

1 81 

-f 0 06 ± 0 40 

0 80 

-0 73 ±0 39 

0 82 

-0 66 ± 0 38 

0 82 

-0 64 ± 0 32 

0 74 

-1 90 ±0 48 

0 75 

-1 S3 ±0 43 

0 72 

-2 06 ± 0 43 

0 74 

-2 03 ± 0 36 

0 65 

-2 88 ± 0 32 

0 60 

-3 46 ± 0 29 

0 59 

-3 53 ± 0 34 


Sodium 


P (or 
Mean 
Probit 
Differ 
ence 


0 1 
0 7 
0 7 


0 05 
0 05 
0 05 

0 001 
0 001 
0 001 

0 001 
0 001 
0 001 
0 001 


protective 

Index 

3 87 

(3 40-4 42) 

4 76 

4 43 
4 80 

(3 90-5 90) 

3 24 

(2 57-4 07) 

4 62 

(3 39-6 31) 

5 19 

(4 05-6 65) 
4.62 

(3 25-6 59) 

2 48 

(1 96-3 13) 
4 20 

(3 43-5 14) 

3 11 

2 89 
2 08 

(1 91-2 33) 
2 73 

2 so 

(1 91-4.11) 
2 85 

(2 37-3 43) 

2 59 

3 11 

(2 61-3 70) 
3 70 

3 08 

3 74 

3 59 


“ Made up to 100% with Dilaptin sodium s See text lor discussion. 

* 95% confidence limits «t Inactive by this test 

* Control TDm.s for Dilantm Sodium were determined at the following times which represent the times of peak effect for the 
orally administered active compound given in parentheses 3 0 hr (phenobarbital sodium) 99 6 rag /Kg , 2 S hr (Mefaaral) 
93 3 mg /Kg , I 5 hr (Mesantoin) 109 5 mg /Kg , 2 0 hr (Tridione) 01 4 mg /Kg , and X 0 hr (Phenurone) 120 mg /Kg 


Mesantoin combination were 4 20 (3 43-5 14), 
whereas the comparable vmlues for Mesantoin 
alone were 2.48 (1 96-3 13) ; this represents ap- 
proximately a 70% improvement in margin of 
safety over that of Mesantoin alone 

DISCUSSION 

The difficulties encountered in the quantitative 
analysis of the effects of drug combinations composed 
of two or more components, both of which are 
active by the test employed, have been discussed in 
previous publications from our laboratories (1, 6) 


Fortunately, when only one component of the 
mixture is active by the assay procedure employed, 
the quantitative analysis of the combined drug 
effects IS less complex Indeed, such combinations 
can be readily assayed and the results directl}- 
compared with similar data obtained with the 
active compound alone. Thus, in the present 
studies, a significant alteration in the anti-Metrazol 
activity of combinations of the active drug and 
Dilantin (a drug inactive against Metrazol) was 
considered to indicate potentiation or antagonism 
of drug action, depending on the direction of the 
alteration 
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It is nolewortliy that the aiiti-Metrazol activity 
of Phenuroiie increased as the do.se of Dilantin 
increased. This suggests that the potentiating 
effects of Dilantin on the anti-Mctrazol activity of 
Phenurone was dosc-dependent, and indicates that 
even higher doses of Dilantin should be investigated. 
However, since there was no significant iinproveinenl 
in the protective itide.v after a four-fold increase in 
the dose of Dilantin and because of the stiinnlant 
effects known to occur with high doses of Dilantin, 
it was not considered advisable to e.\tend the 
Dilantin dose range. 

When compared on the basis of neuroto.xicitic.s, 
it may be seen that the results obtained with combi- 
nations of Dilantin-iihcnobarbital and Dilantin- 
Mcbaral agree with the prediction of similar joint 
action. According to the iircviously described 
interpretations (1). the combinations compo.scd of 
Mesantoin and Tridiouc in combination with 
Dilantin exhibit antagonism of toxicit)'. -Although 
the Dilantin-Phemironc toxicity data could not be 
evaluated by the probit method because the re- 
gression lines were not parallel, the data indicate a 
trend toivard increased toxicit j' which paralleled 
the increase in aiili-ltletrazol activity. 

.As previously suggested by Loewe (G), it is more 
important to study the ratio between the intensities 
of various effects of the same combination, i. e , to 
know whether these ratios (margins of safety or 
protective indices) assume a large or smaller v.alue 
for the combinations th.in for the components. 
The combination comiioscd of Dilantin 
Mesantoin 93.5^'i exhibited a iirotcetive index 
which was approximately TO'J higher than that for 
.Mesantoin alone 

Since a major objective of this study was to 
present the experimental design and the statistical 
analysis for evaln.iling drug combinations in which 
only one component of the mixture is active by the 
test employed, no concerted effort was made to 
coNCr the entire spectrum of activity of each compo- 
nent or combination Hence, speculation on the lab- 
oratory and clinical implications of these data is 
not justified Nevertheless, the results obtained 
with combinations of Dilantiii-Phenurone and Dilan- 
tin-Mcsantoin arc sufl'icicntly promising to warrant 
their further study. 


SUMMARY 

Methods are presented for the study of anti- 
convulsant drug combinations in which only one 


component is active by the assay test employed 
and both components are active by the neurotox- 
icity test. 'J’o illustrate this procedure, small 
amounts of Dilantin, an agent ineffective against 
Mctrazol-indticed seizures, were combined with 
known effective doses of phenobarbital sodium, 
Mebaral, Me.santoin, Tridione, and Phenurone, 
and the aiiti-Metrazol activity and neurotoxidty 
of each combination were determined; in addi- 
tion, the protective indices were calculated. The 
anliconvul.sant data obtained were analyzed for 
evidence of antagonism or potentiation of anti- 
Metrazol activit)’, whereas the toxicity data were 
analyzed for any dciiarturc from the prediction of 
similar joint action. 

Tlie results obtained may be summarized as 
follows; 

1. Dilantin significantly increased the aiiti- 
Mctrazol activity of the two combinations which 
contained tiO.f) and 83.3% Phenurone, by approx 
iniately 27 and 38%, respectively; but Dilantin 
had no effect on the activity of phenobarbital, 
Mebaral, Tridione, nr Mesantoin. 

2. The neurotoxicities were significantly de- 
creased in all combinations of Dilantin with Tri- 
dione, Me.santoin, and Mebaral, unchanged in all 
combinations of Dilantin with phenobarbital, and 
apparently increa.scd in all combinations of Dilan- 
tin with Phenurone although nonparallelism of 
regression lines precluded the quantitative evalua- 
tion of this latter set of combinations. 

3. One of the seventeen combinations tested, 
Dilantin t>..')% with Mesantoin 93. .a%, exhibited 
a 7I)% increase in margin of safety. 
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Study of Stability of Sulfadiazine Sodium Injection IV.'^ 

The Determination of Oxygen Uptake of Sulfadiazine Sodium with 

Antioxidants in Solution 

By CHARLES J. SWARTZt and JOHN AUTIANJ 


The addition of certain antioxidants to ampuls of sulfadiazine sodium solution 
prepared in a nitrogen atmosphere retards the formation of color. The efiiciency 
of various antioxidants to inhibit the development of color was investigated by de- 
termining the ability of these agents to utilize available oxygen in sulfadiazine so- 
dium solutions at various hydrogen ion concentrations. Quantitative estimation of 
oxygen uptake was achieved fay the utilization of a Warburg Constant Volume Res- 
pirometer. Ascorbic acid, />-aminophenol, hydroquinone, sodium formaldehyde 
sulfoxylate, sodium sulfite, and /er/-butyl hydroquinone were the antioxidants evalu- 
ated. Oxygen consumption data were correlated with actual formation of color in 
ampuls autoclaved for prolonged periods. 


Tt was observed in earlier studies (1, 2) that 

the addition of antioxidants to ampuls of 
sulfadiazine sodium, sealed under an atmosphere 
of nitrogen, prevented or delayed the formation 
of color in these solutions. The antioxidants 
varied in their ability to hinder this coloration. 
The solvent, polyeth 3 dene glycol, also seemed to 
have some activity in retarding color forma- 
tion (2) . 

It was, therefore, decided to measure the 
amount of oxygen consumed by solutions of 
sulfadiazine sodium with antioxidants employing 
a Warburg apparatus. These values were then 
correlated with the ability of the various agents 
to prevent color formation in ampuls subjected 
to prolonged periods of autoclaving. 

EXPERIMENTAL 

Determination of Oxygen Consumption.-— Oxy- 
gen consumption was determined with the aid of a 
Warburg apparatus utilizing standard procedures as 
described by Umbreit, ct al. (3). Single side-arm 
Warburg flasks of approximately 16-ml. volume 
were employed in ail tests. Fluid volume was kept 
at 4.0 mi. throughout. 

The experimental flasks contained 3.0 mi. of 25.0% 
sulfadiazine sodium solution buffered at pH 9.75 
and 1.0 mi. of a 1.0% solution of the antioxidant 
under study. Control flasks were prepared con- 
taining 3.0 ml. of distilled water and I.O ml. of anti- 
oxidant. Flasks containing 3.0 ml, of a buffer solu- 
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tion of pH 9.75 and 1.0 ml. of antioxidant were also 
prepared. 

Oxygen consumption was determined at a temper- 
ature of 50.0 ± 0.02° in an atmosphere of air. 
Preliminary tests indicated that higher oxygen 
tensions were not suitable for these studies since the 
reaction proceeded too rapidly. After a fifteen 
minute equilibration period, readings were recorded 
at ten minute intervals for three hours. From the 
readings obtained, the corresponding volume of 
oxygen consumed by the contents of each flask was 
calculated in the usual fashion. 

Antioxidants which were evaluated in these ex- 
periments included: sodium sulfite, sodium formal- 
dehyde sulfoxylate, ascorbic acid, hydroquinone, 
ferf-butyl hydroquinone, and p-aminophenol. The 
following combinations of agents were also tested: 
sodium sulfite and ascorbic acid, sodium formalde- 
hyde sulfoxylate and ascorbic acid, and citric acid 
with each of the above mentioned three. 

Preparation of Ampuls for Autoclaving. — Twenty- 
milliliter clear glass ampuls Type 2 were used 
throughout the study. Aqueous solutions of sulfa- 
diazine sodium, buffered at pH 9.75, were prepared 
containing the antioxidants (in 0.05% concentra- 
tion) listed in Table 1. The use of hydroquinone, 
/-butyl hydroquinone and p-aminophenol was not 
feasible in this phase of the study as the oxidized 
forms of the above three agents are highly colored. 
Consequently, these antioxidants could not be ade- 
quately evaluated. 

Fifteen milliliters of solution was placed in each 
ampul and triplicate determinations were made on 
each series. The ampuls were placed in an electric 
steam pressure sterilizer (pressure cooker type) 
after being sealed in the presence of air. Per cent 
transmittance readings were recorded for these 
freshly prepared samples utilizing a Beckman 
Model C colorimeter with a prefocused tungsten 
lamp and a Corning 4010 green filter. The pressure 
was regulated to 15-16 p.s.i. A period of twelve 
hours was found to be adequate to allow the reac- 
tions to occur after which the ampuls were removed 
from the sterilizer. Per cent transmittance of the 
autoclaved solutions was measured after the contents 
of the ampuls had returned to room temperature. 
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1 IK 1 OwKCll lipt.ikc dill fur snlutioiis of 
sulfacln?iiK siidiuiii IS 7")', iMlIi c.iriiius .iiiti 
oMd.ints Conccntr ilKiii of each aiUio\idnni 
0 25‘e \ Sodium Sulfite, U II\ droquuioiit, C — 

/> Ammo plitiiol, 1) Sodium rormaldtlndc 
Sulfowhtc null Ascorbic \cid, li -Ascorbic \cid, 
r — Sodium Sulfite uitli \scorbic \cid, G — /-Butt I 
He droquiiionc, If — Sodium roriii ildtln de Siilf 
o\t late 

RESULTS AND DISCUSSION 

The owgLii uptake for each solution uas jilottcd 
against time in minutes and appe irs m I'lg 1 It 
uill be noticed tint all the turccs arc smooth in the 
range studied and tint the slope of the lines m ij be 
used to indicate the protectue effect that tliesc 
antioMdants hate upon sulfadn/inc sodium in 
aqueous solution A rc\ icn of the slopes points to 
the fact that sodium sulfite (A) had the grcitest 
antioxidant effect in compansoii to the other agents 
used 111 this ccaluation H\ droqiinionc (B), /i 
ammo phenol (C), sodium form ildclic dc sulfoxcl itc 
iMth ascorbic acid (D), ascorbic acid (E), sodiuiii 
sulfite cMth ascorbic acid (F), and Icrt but\l hjdro- 
qunioiic (G) each had a sloncr rale of o\c gen uptake 
nhile sodium formaldclnde sulfoxclatc (II) had the 
sloccest Since a number of these aiilioxidaiits, 
themsches, upon oxidation produced coloration, 
thej M ere remos cd from further consideration An 
antioxidant S5nergist, citric acid, although reported 
to enhance the action of numerous antioxidants (-1), 
proved meffcetiial m the si stems studied It was 
felt that this experiment would not sene a icn 
useful purpose unless the “oxigeii uptake” could 
be related to the practical aspects of the problem 
With this point in \icw. Fig 2 was prepared A 
quantitative relationship could not be obsened, 
but a satisfactorj quabtatii e comparison was pos 
sible For example, when a si stem (Ampul A iii 
Fig 2) composed of sulfadiazine sodmin and so 
dmm sulfite in an aqueous incdium was autoclaved 
for twelve hours, it produced less coloration than 
the other sj stems as measured photoinctricallj 
This same sj stem in the Warburg cxperiincnts con 


Tapi I I — Pi r Cent Transmittancc or ,SuirA- 
piAZi.Nr Sodium iviiii Various Antioxidants 
AFTER Twrivi Hours in Autoclave at 15 p si 


Transmittance 

A"’ . . % „ 


pill'* 

Contents 



Initial 

End 

A 

Sulf.Ttb iziiiL sodium 

18 

~5% 




Sodium sulfite. 

0 

OV/o 

100 

95 

B 

Stilf.itln/mc sodium 

18 





Sodium formaldc- 

0 

025% 




h\ dc siilfoxj 1 itc 






Ascorbic .icid 

0 

025% 

100 

9-1 

C 

SulfadnziUL soditim 

18 

75 Vf 




Ascorbic ncid 

0 

05% 

100 

89 

1) 

SiilfadnnuL sodium 

18 

7.5 '/r 




Sodium sulfite 

0 

025% 




\scorbic .icid 

0 

025% 

100 

,85 

!•: 

Siilf.idi 171UC sodium 

18 

~o'/o 




Sodium foriuuldc- 

0 

05% 

100 

70 


li\dc sulfoxjHtc 





1 

.Sulf.Tilnzmc sodium 

IS 


100 

02 


• I etters rrfir to in I 4 2 



Tig 2 — Graph illustrating relation between rate 
of u\>gcn uptake TJ formation of color in ampuls 
of sulficlnzme sodium (IS 75^) ^Mtli antiovidants 
F control sulfaduzinc sodium 

sumed 100 imcroliters of ow gen in the shortest time 
period (appro\inntcl\ ten minutes) In Ampul B 
coiitaimng t^^o antioxid lilts (sodium formaldclnde 
sulfowlitc iiid ascorbic acid), a more intense 
color uas produced tliin in Ampul A and the time 
for o\j gen consumption of 100 microhtcrs was m 
creased This pc of rcl Uionship uas progrcssiceh 
increased (more color and greater time period for 
upUike of o\>gcn) with Ampuls C, D, and E respec 
ti\clj The control solution (Ampul F), sulfadi 
azinc sodium alone, produced the most coloration 
Since tlic ow gen utilization of sulfadiazine is m 
finitch slow, It could not be ineisiired the tech 
niques omplo> cd 

Figure 2 also demonstrates the SMiergistic effect 
that ascorbic acid had upon sodium fonnaldelude 
sulfoxjlate The per cent transmittance of so 
diuin sulfadiazine m the presence of sodium formal 
dehjde sulfovjlate was 76% and this rose to 94% 
when ascorbic acid was included in tlie sj stem All 
relictions containing the buffered sulfadiazine so 
duim solutions showed increased actiMtj o\er con- 
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trol runs This action cannot be ascribed to ionic 
strength or pH factors as experiments investigating 
each of these yielded negative results. Unreported 
studies also disclosed that if the concentration of 
antioxidant was increased, no coloration appeared, 
after twelve hours of autoclaving, in any of the 
ampuls 

SUMMARY 

Oxygen uptake studies utilizing a Warburg 
Constant Volume Respirometer were conducted 
on solutions of sulfadiazine sodium with the ad- 
dition of various antioxidant agents. 

The rate of oxygen consumption in these 
solutions was shown to be directly related to the 


ability of the antioxidant to deter color formation 
in ampuls of sulfadiazine sodium solutions. The 
tests showed sodium sulfite to have the greatest 
activity in the system under the conditions of 
study. A combination of sodium formaldehyde 
sulfoxylate and ascorbic acid was shown to be 
almost equally effective. 
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The Adsorption of Enterobacterial Endotoxins by 
Activated Attapulgite"^ 

By ERWIN NETERf and EUGENE A. GORZYNSKIj: 

The effect of activated attapulgite upon endotoxins_ (lipopolysaccharides) of entero- 
bacterial pathogens (enteropathogeaic Escherichia coli and Shigella sonnet) was 
studied by means of the enterobacterial hemolysis and hemolysis inhibition tests and 
in vivo experiments in mice. It was found that activated attapulgite adsorbs the endo- 
toxins as demonstrated by inhibition of enterobacterial hemolysis, elimination of the 
specific inhibitory effect of the antigens in hemolysis inhibition tests, and by the 
abolishment of toxicity in mice. The significance of the findings is discussed with 
particular reference to their bearing upon the clinical use of activated attapulgite in 
localized intestinal infections and other syndromes associated with these endotoxins. 


ECBNT STUDIES by Barr and Amista (i) have 
revealed that activated attapulgite adsorbs 
diphtheria toxin and is approximately five times 
as effective as kaolin. The question arises as to 
whether this material also adsorbs endotoxins of 
enteric bacteria. To this end, the present study 
was carried out, utilizing the enterobacterial 
hemolysis and hemolysis inhibition tests and in 
vivo toxicity determinations as indicator systems. 

The endotoxins of enteric bacteria, such as 
Escherichia (E.) coli, salmonellae, and shigellae, 
are composed of polysaccharide, lipid, and pro- 
tein. These complexes, like the lipopolysac- 
charide fractions thereof, possess toxicity in mice 
and other animals, are extraordinarily p 3 T 0 genic, 
profoundly affect natural resistance to unrelated 
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challenge infections, and act as antigens (haptens) 
in various serologic procedures. It is the poly- 
saccharide that determines the antigenic charac- 
teristics of the complex. Recent studies suggest 
that toxicity and pjTogenicity are associated with 
the lipid component (2, 3). Studies from our lab- 
oratories have revealed that these enterobacterial 
lipopolysaccharides readily become attached to 
red blood cells and thus endow the latter with a 
newly acquired serologic specificity (4-6). As a 
result, these modified erythrocytes are specifically 
agglutinated in the presence of homologous anti- 
bodies, and hemolysis occurs upon the addition of 
antibodies and guinea pig complement, notably 
when sheep red blood cells are employed. These 
hemagglutination and hemolysis reactions have 
proved to be considerably more sensitive for the 
demonstration of homologous antibodies than the 
conventional bacterial agglutination procedures. 
Specific hemolysis is inhibited if antigen is added 
to the antiserum prior to the addition of comple- 
ment and erythrocytes modified by the corre- 
sponding antigen. The latter procedure, referred 
to as hemolysis inhibition test, allows the deter- 
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minalion of lipoiiolysaccliaridc in aiiioimts as 
small as 0.006 /ig. (7). In view of Uie important 
biologic acitivities of these endotoxins it was 
deemed desirable to determine the adsorptive 
capacity of activated attapnigile upon tliese lipo- 
polj’saccharides. The results of this investigation 
are embodied in the jiresent report. 

MATERIALS AND METHODS 

Activated attajnilgite was obtained from Wyeth 
Laboratories and dissolved jtist jirior to use in jilios- 
Iiliale hemagglutination liuffer (iill 7.2 -7.:i) (Difeo 
Laboratories). 

As antigens, siipernates of lioiled agar grown cul- 
tures of E. colt llliBl ami S/ngr/In (S'.) sonnet as 
well as purified lipopolysaccharides of E. coli HI: IM. 
0127. ns and .7. sonnet were used. The two former 
lipopolysaccharides were obtained from Difeo Lab- 
oratories and the latter throiigli the kindness of 
Professor O. Westplial, I'reibnrg. Ciermany. ,\ll 
•intigens were flissolvcd in iiliosjihate buffer. 

Mixtures of .nitigeiis .nid activated attainilgite 
and buffer, respectively, nere prepared and incti 
bated in a water bath at .’17°, for one liotir. The 
supcrivales of the mixtures (refrigerated centrifuge) 
were then used for modification of sheep red blood 
cells for the hemolysis tests and as antigens in the 
hemolysis inhibition tc.sls These method.s have 
been described in detail elsewhere (■!, 5, S). 

For the toxicity studies E eoh 127:118 lipopoly- 
saccharide was employed. The endotoxin was 
mixed with activated attainilgite and InitTer, re- 
spectively. The mixtures were incubated in a water 
bath at 37° for one hour and centrifuged White 
mice, weighing approxittialely 2(1 Cm., were injected 
intrapcritoneally iiith 1 ml. each of the siipernates. 
The animals were observed for a period of six days 
ami fatal rcaclioiis recorded dail>-. 


RESULTS 

In the first series of experiments the effect of ac- 
tivated attapulgite on E. colt 0111:134 lipopolysac- 
charide was determined, using the E, coli hemolysis 
test as indicator system. To this end, 5 pg./ml. of 
lipopolysaccharidc was mixed with activated atta- 
pulgitc in concculralions ranging from 17 to 
/ig./ml. and buffer for control purposes. The mix- 
tures were inetibated, centrifuged, and sujicrnatcs 
tested for remaining lipopoly.saccharidc by treat- 
ment of sheet) red cells. The latter were washed 
and then added to E. coli 0111 :B4 antiserum in 
.serial diltitions and guinea iiig complement. The 
resulting hemolysis was read and the results are 
recorded in Table 1. 

It can be seen from this table that activated atta- 
ptdgitc in concentrations of 500 pg./ml. and higher 
adsorbed enough lipopolysaccharide to prevent sub- 
sct|uent hemolysis completely and that 170 /ig./ml. 
of this ad.sorbent reduced the amount of lipopoh"- 
saccharide snfliciently to iirodiicc partial inhibition 
of hemolysis. .Similar results were obtained hi e.v- 
periments with A. sonnet lipopolysaccharidc as well 
as with crude antigens. 

The conclusion that activated attapulgite adsorbs 
endotoxins (lipopolysaccharides) is substantiated 
further by the results of experiments utilizing hemo- 
lysis inhibition as the indicator .system. In these 
experiments various amounts of E. coli 0111 ;B4 
lipopoly.saccharidc (1, 5, 25 ijg./ml.) were mixed 
with activated attapulgite in concentrations of 100 
to 1(),(K)0 pg./ml. and buffer for control purposes. 
The mixtures were incubated and centrifuged. The 
supernatant fluids were then used in hemolysis in- 
hibition tests. Serial dilutions were mi.xed with 
homologous E. coli 0111:134 antiserum; these mix- 
tures were incubated at 37° for thirty minutes; 
sheep red blood cells modified by the identical 
lipopolysaccharidc and guinea pig complement were 
then added. The restilts are recorded in Table II. 


Tadle I. — Effect of Activated Attafui.gite o.n Eschcrichin coli Lifofoevsacciiaride Sekocroup 0111 


li coll I.ilmjMtlysaccliiiridc. r» #,i:./(nl., + Activated Atlapuixitc, aX. /ail. 

K cult .-,,000 1,7110 .',00 170 .tO li 0 


Anljscriini 

1:10U ™ - - 

Hemolysis 

2 

3 

3 

4 

1:500 _ _ _ 


2 

3 

3 

1:2,500 _ _ _ 

— 

— 

— 

— 

0 _ _ _ 

— 


— 


— = No Jiemolysis; 1 to -J = various iIcKrccs of henioly.sis. 


Tahle II. — Effect of Activated Attapulgite on Escliericltia coli Serogroup 0111 Lipopolysaccharide 


li. cull 
I.ipopoly- 
sacchuride, 
as'./O.l ml. 
0.1 

^ 

‘2ti 

— 

. 

— 0111 J.,ipopolysacclianac, 

5 - — ■ ’• 

. 

1 _ 


— ^ 

10,000 

1,000 

100 

0 

10,000 1,000 100 

0 

10,000 

1,000 

100 

0 

_ 



_ 


4 - - 


4 

_ 

— 

- 

0.05 

2 

— 

_ 

_ 

4 - 


— 

4 

2 

— 

— 

0.025 

3 

— 

— 

_ 

4 - 

— 

— 

4 

3 

— 


0,0125 

4 


_ 

_ 

4 ± 


— 

4 

4 

— 

— 

O.OOG 

4 

3 

_ 

_ 

4 3 

9 

1 

4 

4 

2 


0,003 

4 

4 

_ 


4 4 

3 

3 

4 

4 

3 

3 

0 0015 

4 

4 

2 

3 

4 4 

3 

4 

4 

4 

4 

4 

0 

4 

4 

4 

4 

4 4 

4 

4 

4 

4 

4 

4 


— = No hcmoly.sj^;; ] to 1 = vnrjotis decrees of hemolysis. 
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Table II shows that activated attapulgite either 
reduces or abolishes the inhibitory effects of Hpo- 
polysaccharide. The higher the concentration of 
attapulgite and the lower the amounts of lipopoly- 
saccharide used, the greater is the resulting effect. 
Essentially identical results were obtained in experi- 
ments with £. coli 0127 :B8 and S. sonnei lipopoly- 
saccharides as well as with crude antigens 

Experiments were undertaken to determine the 
effect of activated attapulgite on the toxicity in 
mice of endotoxin For these experiments E. coli 
0127 B8 lipopolysaccharide (1,000 pg./ml.) was 
mixed with activated attapulgite (5,000 pg./ml.) and 
buffer, respectively. The mixtures were incubated 
at 37° for one hour and centrifuged. The super- 
nates were used for toxicity determinations by intra- 
peritoneal injection of mice (1 ml. per animal). The 
results are summarized in Table III. 


Table III. — Effect of Activated Attapulgite 
ON Toxicity of Escherichia coli 0127 Endotoxin 
(Lipopolysaccharide ) 


Groups of Mice Injected with Muxtures of 
Lipopolysaccharide, 1,000 pg/ml 
and 

Attapulgite 

(Activated) 

5,000 pg /ml. Buffer 


Experi- Ratio of Deaths/Number of Mice Injected After 


ment 

2 days 

G days 

2 days 

0 days 

1 

0/12 

0/12 

3/12 

7/12 

2 

0/11 

1/11 

1/11 

5/11 

3 

0/6 

0/6 

2/6 

5/6 

4 

0/12 

0/12 

9/12 

11/2 

Total 

0/41 

0/41 

15/41 

28/41 


Perusal of Table III shows that none of 41 mice 
injected with attapulgite treated lipopolysaccharide 
succumbed, tvhereas 15 out of 41 control mice died 
within two days and 28 within six days The re- 
sults clearly indicate that activated attapulgite 
adsorbs E coh endotoxin as manifested bj elimina- 
tion of toxicity in mice. 

DISCUSSION 

The present investigation has revealed that ac- 
tivated attapulgite adsorbs endotoxins (lipopoly- 
saccharides) from enteric bacteria, such as entero- 
pathogenic E coh and S soiiiiei. It has been es- 
tablished, therefore, that this material adsorbs both 
exotoxins and endotoxins, the former represented 
by diphtheria toxin, a protein, and the latter by a 
lipopolysaccharide complex Barr (9) reported that 
activated attapulgite is not a good adsorbent for 
enteric bacteria themselves, such as Sahnonella 
cnicritidis and Shigella paradyseiitcnac 

The effects of activated attapulgite on bacterial 
endotoxins is of interest from sev’eral points of view. 
In the first place, it is conceivable that such endo- 
toxins play a role in localized intestinal infections 
The fact that patients with bacillary dysentery and 
diarrheal disease due to enteropathogenic E. coli 
develop antibodies against the polysaccharide com- 
ponent of the endotoxin suggests that endotoxin in 
these illnesses reaches antibody forming cells beyond 


the lumen of the intestine. In this connection it 
should be mentioned that ingestion of “harmless” 
E. coli by human volunteers did not initiate anti- 
body formation against the strain; in contrast, 
ingestion of enteropathogenic E. coli is followed by 
the appearance of specific antibodies (10). These 
observations suggest that, because of tlie very entero- 
pathogenicity of the latter strains, absorption of 
endotoxin takes place. In the absence of intestinal 
infection, administration of Cr^‘-labeled endotoxin 
did not result in detectable blood or tissue levels 
(11). It would be interesting to determine the ef- 
fect of enteric infection on the absorption of labeled 
endotoxin. At the present time it is not known 
whether the endotoxin engendering antibody forma- 
tion originates from the intestinal contents or from 
bacteria within or beyond the intestinal wall. If 
the former were the case, it is conceivable that ac- 
tivated attapulgite may possess therapeutic value. 
Only carefully controlled studies in patients will 
provide the answer to this moot question. 

The capacity of activated attapulgite to adsorb 
endotoxin is of interest also because of various 
physiologic disturbances produced by these ma- 
terials. For a summary the interested reader is 
referred to the review by Thomas (12). It suffices 
to mention here that these endotoxins (lipopoly- 
saccharides) profoundly affect the nonspecific resist- 
ance to various infections, in part at least via the 
properdin system (3), contribute to irreversible 
shock (13), enhance nephrotoxicity of kidney anti- 
serum (14), and exert antiallergic effects in animals 
( 16 ). 


SUMMARY 

Activated attapulgite adsorbs endotoxins (lipo~ 
polysaccharides) from enteric bacteria, namely, 
enteropathogenic Escherichia coli and Shigella 
sonnei. This adsorption was demonstrated by 
three methods, the enterobacterial hemolysis test, 
the hemolysis inhibition test, and toxicit}' studies 
in mice. 
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A Preliminary Phytochemical Investigation of 
Digitalis Lutea First Year Growth^ 

By JACK R. COLEf and OLE GISVOLD 


The first year leaves of Digitalis hitea were extracted by two dilferent techniques, 
one normal aqueous extraction and one which was enzyme inhibitory. Different 
results were obtained from each when examined by means of paper chromatography. 
A system of deacetylation and hydrolysis of the glycosides was developed involving 
the use of ion exchange resins. Several new solvent systems were developed for the 
p.iper chromatographic separation of sapogcnins detected. 


T~\igitalis Lun a has been shown lo he orallv 
effective to a greater degree tlian sonic 
other members of the digitalis species (1) Tins 
fact and other research dealing with the vield of 
active cardiac glycosides (2—1) of some digitalis 
species stimulated an interest in the lutea species 
Furthennore, since there lias been a hniitcd 
amount of pin toclicniical research in order to 
compare the nature of the constituents of the 
leav'cs of the consecutive years of growth of the 
Digitalis species, it was believed a study of this 
type might produce some interesting results 

The investigation of the second year growth of 
this iilant has been reported ('i) 

tXPnUMCNTAL 

Harvesting, Storing, and Extraction Procedures. 
— The plants used in this study were grown during 
the summer of 19')5 in the medicinal plant gardens 
at the University of Minnesota and collected in 
September. 1955 Die storage procedure developed 
by Hopponen and Gisvold (2) was cmplov cd Fresh 
leaves also were collected and used Both lots 
yielded the same results The general t\traction 
method of Bay and Gisvold (G) was used to prep ire 
a primary aqueous extract In some cases cinulsioiis 
arc encountered when this aqueous primary extr.ael 
is extraeted with organic solvents The use of 15', 
aqueous alcohol to prepare the primirv txtr.icl 
substantially' reduced the ainoiint of emulsion that 
previously' had been obtained The priniarv ex 
tracts after an initial extraction with petroleum ether 
to remove fatty materials were then sncccssiv civ 
extracted with the following senes of solvents 
ether, ether inethydene dichloridc 1 H, and iiitlli 
ylene dichloride 

The enzyme inhibitory extraction was adapted 
from that used by Stoll and Kreis (7) Tabic 1, 
solvent system IV, indicates the chromatographic 
analysis of the material obtained from tins cxtric 
tioii 

Paper Chromatographic Analysis. — The tech- 
niques employ'ed by Gisvold and Schwartz (5) were 
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rollowed for the most p irt Slight modifications in 
the list of the solvent sv stems arc indicated bv the 
results 111 Table I 

The .iiithcntic simples of the givcosidcs were 
obl.imcd from Dr A Stoll, S iiidoz Co , Switzerland 
Digoxigenin was obtained from Dr Murphy, 
Iiialylic.il Rest irth Laboratories, Burroughs Well 
come S, Co , TncI>,ihoc, X V 

^ he comi) irison of the crude material obtained 
from the cxtr.ictioii of the leaves together with 
reference glycosides using solvent sv steins I, II, and 
III iiidic.ited the presence of acetv 1 digitoxm, digi 
toxin, and .icetyl digoxiii In the case of solvent 
system IV, the presence of luiatosidc \ was dis- 
tiiictlv indie.atcd, and lanalosidc B and C weakly 
present 

Deacetylation and Hydrolysis — In order further 
to ehar.ieterizc the glvcositles ,i svstem of deacct 
vlilion and hvilrobsis followed b\ subsequent 
chroin itogrnphv w.is carried out The usual meth 
ods using alkali and acid for these studies are effee 
tivc, however, the techniques mav lead to undesir- 
able changes rnrthcrinorc, exact neutralization 
IS xerv desirable and inorganic salts are introduced 
into the sample In order to overcome some of the 
objections to the above teclimqiics, ion exchange 
resins were investigated as a possible substitute for 
the acid or base 

Deacetylation — For deaectv lation studies, Ain- 
bcrlitc rcsni IRA -lOO (Rohm & Haas Co , Philadel- 
phia) was chosen because it is a strongly basic ex- 
change resm It IS a solid polystyrene quaternarv 
aiiiiiic that is insoluble in most solvents All reac 
tioiis should be employ cd at temperatures below 55- 
00°. since the resin loses cataly tic activ itv rapidiv 
and irreversibly at slightly higher temperatures To 
coiixert the resin from the chloride form to the 
liv droxy 1 form, it is necessary' to digest the resin 
with I iV sodium hydroxide for approximateh 
twclxc hours The rcsni is then washed wath dis 
tilled water until the washings no longer give a 
b.asic test with Universal indicator papers The 
rcsni mixture is then filtered and dried in the air 

Approxiniatclv 1 Gin of the dry resin was placed 
111 a test tube and cov'crcd with a solution of acetyl 
eligitoxin III methanol (1 mg /cc ) This iisualh 
requires approxiinately' 1 5 cc of solution The 
iiiixtiirc was sealed and shaken frcquentlv At 
regular nitcrv'als of one hour, portions of this solu- 
tion were drawn off and spotted on paper chro 
in itogr.iins Siniples of acetyl digitoxin nid digi 
toxin also were spotted for eoniparison Ihc use 
of ascending chromatography was employed here 
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Table I, — Paper Chromatography Results of the Cardiac Glycosides 


SoU’cnt System in Parts 


I 



II 


m 

IV 

Methyl isobutyl 


5 



20 


5 


ketone 









Toluene 


5 



10 


5 


Formamide 


q. s. 





q. s. 


Isopropyl ether 





h 




Ethylene glycol 





w 




Butanol 







V 


Ethylacetate 








84 

Benzene 








16 

Water 


. . 






50 


a» 

D» 

H' 

D 

H 

D 

H 

A 

Development time 

0.5 

2.0 

1.0 

2.5 

1.5 

2,0 

1.0 

3.0 

(hours) 









Glycoside 




R/ Values 




Acetyl digitoxin 

0.75 

0.77 

0.80 

0.82 

0.75 

0.83 

0,85 


Acetyl digoxin 

0,20 

0.23 

0.20 

0.31 

0.29 

0.37 

0 35 


Digitoxin 

0.46 

0.44 

0.46 

0.59 

0.56 

0.56 

0.61 


Digoxin 

0.10 

0.10 

0.09 

0.13 

0.15 

0.24 

0.25 


Digoxigenin 






0.34 

0,30 


Ditoxigenin 






0.75 

0.72 


Lanatoside A 








o'.'e'i 

Lanatoside B 








0.54 

Lanatoside C 








0.42 


° Ascending. & Descending. « Horizontal. 


as it serves as a rapid tnetliod of determining if 
any deacetylation had taken place. At the end 
of twelve hours, no reaction had taken place; how- 
ever, after twenty-four hours some deacetylation 
had taken place. Substantial deacetylation was 
obtained after forty-eight hours. 

A small column was substituted for a test tube 
and samples could be drawn off when desired. 
Deacetylation was obviously very slow' and un- 
reliable, When aqueous methanol (90%) was used 
in lieu of methanol and samples withdrawn everj- 
fifteen minutes, progressive deacetylation was 
obtained that was essentially complete after one 
hour. 

The use of the resin was then applied to the plant 
extracts. The extract was treated in the same 
manner as described for the known compounds. A 
direct comparison was run on the same chro- 
matogram. Acetyl digitoxin disappeared and a 
new spot, digitoxin, appeared signifying deacetyla- 
tion had taken place. Solvent systems I, II, and 
III all were employed in these studies. Horizontal 
and descending methods were used. 

Although the use of sodium hydroxide is more 
rapid, the use of the resin is certainly a more safe 
method and removes the danger of any impurities 
affecting later manipulation of the glycosides. 

Ion Exchange Resin Hydrolysis.--For hydrolysis 
studies, Amberlite IR 120 (Rohm & Haas Co., 
Philadelphia) was chosen. This resin is a nuclear 
sulfonic acid type ion exchanger which has unusual 
stability at high temperatures. Immersion in boil- 
ing W'ater appears to have no adverse reaction on 
the efficiency of the resin. The resin is completely 
insoluble in water, aliphatic and aromatic hydro- 
carbons, and most common solvents. It also is 
extremely stable in strongly acid and alkaline solu- 
tions, The resin is supplied in the sodium form and 
was converted to the hydrogen form by two 
successive rinses of 10% sulfuric acid. The resin 
is then washed with distilled water until the wash- 
ings no longer turn Universal indicator paper acid. 


The dry resin was placed in a column and covered 
with a methanolic solution of the glycoside of the 
usual concentration (1 mg./cc.). The solution was 
allowed to stand in contact with the resin for several 
days but apparently no hydrolysis bad taken place. 
The use of water to speed the rate of hydrolysis was 
employed here as it had been successful in the 
deacetylation studies. The use of water did cause 
reaction to take place but this action was extremely 
.slow, A full twenty-four hour period was required 
for hj'drolysis. The resin -hydrolyzed compounds 
were run on paper chromatograms with both known 
aglycones and those produced by acid hydrolyses. 
They all exhibited the same R f values. 

The use of heat was employed in order to increase 
the rate of hydrolysis. The mixture of resin, 
digitoxin, and water was refluxed at 70° for fifteen 
minutes. It was then filtered and the resulting 
solution was spotted on paper with a known sample 
of digitoxigenin. Both compounds gave the same 
Rf value. This indicated that with the addition 
of water and heat the rate of the reaction can be 
increased quite substantially, 

Digoxin was hydrolyzed in the same way but it 
required thirty minutes at 70° plus the addition of 
15% water to cause complete hydrolysis. 

Saponins. — The aqueous extracts of the leaves 
which had previously been extracted to remove the 
cardiac glycosides were next e.xtracted with «- 
butanol to remove the saponins. Upon concentra- 
tion of the butanol extract a solid separated that 
was labeled fraction I. Fraction II was obtained 
by complete evaporation of the butanol and as 
could be expected was quite impure. Fractions I 
and II contained saponins. 

Fraction II was extracted with chloroform and a 
small amount of the material dissolved. A small 
amount of this chloroform solution was tested by 
means of the Raymond reaction and a positive 
cardiac glycoside test was obtained. The chloro- 
form-soluble and chloroform-insoluble materials 
were recombined, and. chloroform removed bv 
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Tarlu II — Paplr Chromatographic UnsuLrs op the Sapocenins 
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0 55 
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0 83 
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1 0 

1 0 

1 0 

0 98 

0 75 
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0 85 
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0 01 
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1 5 
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' Suhcnt s> stctn A nnrl li nitfiniunn ft nl ) 
< Si>U tilt s\ sRin ( throiuJiJ luinztinltvl 


.11)01 itnm rills m.itcrnl was llicii extracted 
with KttoiiL IS acetone dissohes Ehcosidcs re.ndilx, 
whik sipoiiiiis ire insoliililc The residue rciuain- 
ing after the uitoiic cxtr.ielioii gate negative car- 
due gl\ tosuU lists 1 he acetone extract was Cl apo 
rated to drintss, ininfied, and chroin.itograplied bv 
me Ills of sohint sistein I\’ I.nnalosides A, If, tmd 
C were dilerinincd to he present This indicated 
iniompletc cxlr.ietioii of the c.irdiac gh cosides In 
the soil cuts used prior to extraction with butanol 

Paper Chromatography of the Sapogenins. — The 
saponins wire hidrolizcd bj means of hydrochloric 
aeid 111 aleohol and water nnxlnres The reaction 
mixtures wire thin extracted with ehloroforin, 
dried, and ii.iporilid to dryness and used for 
ihroni itographi 

The method ■ f Hiftmann and Il.iiden (8) was 
used for tilt prelimmarv chromalogr.iphv of tlie 
sip igenms 11 iweier, since tins system requires a 
tweiiti four hour period of equilibration before 
dee el ipincnt, other methods involving soliciit 
equilibration of the paper was sought The inctlioel 
of equilibrating the paper In means of saturation 
with organic soKents had been quite sncccssfnl in 
the cardiac glvcosidc senes This method was 
applied to the chromatography of the sapogenins 
Table II indicates the results of these studies 
The stanchird sapogenins were obtained from Dr 
G Rosenkranz of Syntex L iboratories, Mexico 

City 

Solvent sj stems A and B indicated the presence 
of tigogciim and gitogcnin C, D, and E separated 
gitogenm from the other two s.ipogcnins F, G, 
H, and J sep.irated sarsasapogenm and tigogenin 
H was the most efficient system 

Some difficulty was encountered in these systems 
from tailing of the compounds In solvent sj'Stcm 
C, tailing was appreciable Solvent systems D, E, 
and H were practicall}' free from this problem F 
showed a small amount of tailing and G showed 
slightly more tailing, however, the separation was 
still obvnons 

Identification of the Sugar Moities. — ^Mild hy- 
drolysis of the saponins and subsequent paper cliro- 
inatographic analysis (3) showed the presence of 
D-galactose, D-gliicose, and D-xylose 


summary 

1 Two extracts of the Icax’cs of Digtlahs 
liitca first year groivtli have been prepared by 
two different tccliniciiics An enzyme inhibitory 
teclini(|uc indicates the presence of the lanato- 
sidcs A, B, and C The second method consists 
of the prejiaration of atpicous and alcoholic- 
a(|iicoiis extracts and siibscciucnt selective or- 
ganic solvent extraction of these extracts In 
this latter method, sonic enzymatic degradation 
has apparently taken place yielding the sec- 
ondary glycosides 

2 Pajier chromatographic analysis was the 
princi|)al method of qualitative identification 

3 A svstem of deacctylation and hydrolysis 
of the givcosidcs was developed 

I The .saponins of Digitalis Itilea were e.x- 
tracted with n-bntanol, hvdrolvzed with hydro- 
chloric acid, and analyzed by paper chromatog- 
raphy. Tigogenin and Gitogenm were identified 
Some butanol-soluble glycosides of a polar 
nature not completclv extracted previously were 
found 

(i Several new s\ stems of pajicr chromatog- 
raphv hax’c lieen developed for the rapid quah- 
tatix'e identification of the sapogenins 

7. Hydrolysis of the saponins and paper 
chromatographic inx'estigation indicated the 
jiresence of D-galctose, D-glucose, and d xylose. 
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Some Physical Chemical Aspects of 
Suspension Formulation* 

By TAKERU HIGUCHI 

Difficulties inherent in treating problems associated with formulations of concen- 
trated pharmaceutical suspensions are discussed from the standpoint of a physical 
chemist. Relationships which determine settling and creaming rates are treated 
in some detail, a new equation being proposed which may be more valid for hetero- 
dispersed, irregular particles than the classical Stoke’s formula. Factors which in- 
fluence crystal growth and caking are also discussed. Some reference is also made 
to diffusional processes of pharmaceutical importance. 


A PHVSICAI- CHEMIST assigned to problems con- 
ceming pharmaceutical suspensions is faced 
usually with a frustrating situation. His train- 
ing, first of all, is largely in the basic areas and 
was designed to help him resolve problems deal- 
ing with only a few variables which can be 
expressed numerically. Unfortunately, pharma- 
ceutical suspensions cannot be physically de- 
fined in terms of a limited number of these quan- 
tities. 

In attempting to describe and define pharma- 
ceutical suspensions, we do use terms expressible 
as numbers. Density of the internal phase, den- 
sity of the external phase, phase volume ratio, 
viscosity of the external phase, etc., can all be de- 
scribed adequately and precisely with numbers. 
We also express variables such as particle size in 
terms of numbers but do so with considerable 
reluctance. The underlying statistics of the 
method employed, the degree of aggregation, the 
roughness of the particle surface, etc., strongly 
influence, in this case, our numerical answer. 
We make no attempt, on the other hand, to ex- 
press variables such as size distribution with 
numbers. The problem furthermore becomes in- 
finitely worse when we try to describe particle 
shapes precisely in terms of mathematics. This 
situation severely limits any comprehensive physi- 
cal chemical approach to the general problem. 

The situation, moreover, would not be greatly 
aided even if these difficult variables were of sim- 
pler nature Unfortunately for physical chem- 
ists, we are not faced in these systems with 
thermodynamic but with kinetic problems In a 
system at equilibrium, we are not particular^ 
concerned with the mechanisms by which the end 
state had been achieved, the end results are al- 
ways independent of the path taken. In sus- 
pension systems the primary concern is the rate of 
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each physical process. How fast will it fiow^ 
What is the rate of settling (or creaming) ? How 
long will it take for the suspended phase to 
crystallize or to grow? These are problems in 
kinetics and require reasonable understanding of 
the actual molecular process by which each 
phenomonon occurs, an understanding which we 
are largely lacking at the moment. 

For these reasons, solutions to many problems 
involving pharmaceutical suspension have been 
obtained largely by the Edisonian trial and error 
approach. There are, nevertheless, real areas in 
which the basic, physical chemical thinking can 
be of major value. In the time available it is im- 
possible to cover these in detail. For this reason 
only some of the major fields will be listed and 
a few points indicated to illustrate the nature of 
the problems involved. 


RHEOLOGY 

Rheological behavior of suspensions, especially 
those containing roughly more than 20% by volume 
of solids, is quite complex A priori theoretical 
predictions of their flow properties are extremely 
difficult for reasons stated above. Results of some 
experimental studies in these areas will be pre- 
sented by others in this series of papers. 


SETTLING AND CREAMING 


Difficulties associated with any attempt to relate 
particle properties and particle concentration to the 
settling or creaming rate of pharmaceutical suspen- 
sions serve as excellent examples of what can be done 
.uid what cannot be done with these problems. Let 
us see first how far simple theories together with 
simplifying assumptions will take us. 

Following Stokes derivation, we can arrive at the 
familiar expression 


_ * _ 2 (pi - P2)g 

dt 9 “ ~~~ 


(Eq. 1) 


V, here the symbols have their usual meaning. In its 
formulation, we have, in attempting to apply it to 
real pharmaceutical suspension, assumed the follow- 
ing: (a) Particles are spherical (all of the same 
shape); (b) particles are all of the same size; (c) 
particles are sufficiently distant from each other so 
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that the movement of one lias no influence on its 
neighbors; (d) the rate is governed solely by hydro- 
dynamic factors. 

It is obvious that all of these assumptions are 
atrociously bad when considering real phannaccuti- 
cal systems. Except for the last, each seems worse 
than the others. The equation has no real value 
from a quantitative standpoint of predicting settling 
rates of the relatively concentrated suspensions .such 
as those with whicli we are usually concerned. Any 
rigorous attempt to formulate the relationship in 
absenee of these assumptions, on the other hand, 
seems to be doomed because of the mathematical 
complexity of the problem. 

About ten j’cars ago I considered this iiroblem for 
relatively concentrated systems from what appeared 
to be a new approach. I did succeed in obtaining an 
equation which aiipcars to be based on considerably 
feivcr limitations. This deriv.ation w.as based on an 
observation that despite the fact that pharmaceuti- 
cal suspensions are usually heterndispersed, rather 
sharp lines of demarcation exist between the par- 
ticlc-frec dispersion medium and the relatively con- 
centrated suspension phase for concentrated sus- 
pensions which had stood undisturbed for sonic time. 
It appeared to me that for such a system the problem 
can be formulated as a movement of the external 
liquid phase moving through a bed of the solid 
internal phase. I'luid flow through packed beds 
has been treated mathematically by Koreny and 
others. Such analyses have led to the Kozeny 
equation, 

= 2 X l/kv.S/- X (L'q. 2) 


where p is the linear flow vehicily, P, the pressure 
drop acro.ss the bed, /., the bed thickness, k, the 
Kozeny constant .ipproxiniately equal to 5, ij, the 
%iscosity of the permeating fluid. .Vr, the specific 
surface area in sq cm per cm. \ and <, the porosity 
of the bed There appears to be ample c.xperi- 
mental evidence supporting the validity of this 
equation. 

If we assume the relationship to be correct, we 
can readily derive the rate of creaming (or .sedimen- 
tation) of suspensions. It can be shown that the 
pressure drop per unit depth of a uniform susiicu- 
.'.ion acting to move the particles gravitationally is 

P/L = (I - 0(p. - pj)k (Eq. 3) 

where 1 — e is the volume fraction of the internal 
phase. Substituting this into the Kozeny equation 
we get 


„ (pi - 

^ ■ 1 - £ 


(Eq. -i) 


For suspensions of uniform spherical particles of 
radius, a, the equation simplifies to 


_ (pi — Pi)Ra- P 

9kri 1 — e 


(Eq. 5) 


tides. This can be justified partly on the basis 
that the compo.sition of tlie dispersed phase near 
the moving boundary is maintained constant by the 
fact that small particles .swept out of the suspension 
beyond the boundary would be replaced by partieles 
coming in turn from the interior, and partly be- 
cause of the caging effect of neighboring particles for 
these relatively concentrated .systems — preventing 
relative motion of one particle with respect to an- 
other. 

Comparison of Eqs. 1 and 5 shows a surprising 
degree of similarity. The factor ((p, — p:)ga^]/0 ij 
is common to both. The Stokes law relation con- 
tains in addition only the factor 2 whereas the newly 
derived equation has the additional concentration 
factor, P/[k (I — e) J. The apparent simihTrity is 
somewhat misleading, however, since the phi'sical 
processes basic to the two equations are quite dif- 
ferent. It is obvious that the relationship based on 
the Kozeny equation only becomes valid for rela- 
tively concentrated systems where the suspended 
phase fonns a sort of a bed. The simple Stokes 
equation on the other hand can only be used where 
each particle experiences essentially a free fall 
process. 

In Eig. 1 the relative rate of settling for a suspen- 
sion of uniform spheres of density = 2.0 and 
radius = lOp is shown as a function of concentra- 
tion (per cent phase volume) for Eqs. 1, 5, and for 1 
corrected for phase ratio. The rate as predicted 
by the simple Stokes relation.ship is independent of 
the concentration of the internal phase. The equa- 
tion when modified to correct for the increased flow 
rate within the bed as the result of dccrea.scd cEcc- 
tive cross-sectional area of flow path yields a plot 
which shows a linear decrease in the settling rate with 
concentration. This plot obviou.sly places an upper 
limit on the rate of sedimentation. Systems con- 
taining more than 10% by volume of the internal 
phase, according to Eq. 5, offer greater resistance to 
settling than that predicted by the Stokes equation. 
For these more concentrated suspensions the rate of 
settling decreases very rapidly with concentration, 
being roughli' proportional to the fourth power of 
porosity for t near 0.,'). 
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These equations arc strictly valid only during the 
initial phases in which e is essentially constant near 
the moving boundary. It is also assumed in the 
development of these relationships that there is no 
change in the composition of the dispersed phase 
due to differential velocity of small and large par- 


Fig. 1 — Relative rates of settling predicted 
by several relationships are shown. Curve I was 
calculated directh’ from the classical Stokes equa- 
tion. Curve II is the same as I except that it 
has been corrected for back flow of the external 
phase. Curve III represents that based on the 
Kozeny equation as e.vpiained in the text. 
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Although, in the figure, suspensions of uniform 
spheres were used as examples, the real value of the 
newly derived relationship is found in Eq. 4 which is 
for systems containing heterodispersed irregular 
particles. Since particle size does not occur ex- 
plicitly in the formula and particle size distribution 
is not of concern, the equation can be applied 
directly to any suspensions for which Sv, is known. 
The latter can be determined readily by gas perme- 
ability or gas adsorption methods. Unfortunately 
no real test of the equation, derived has ever been 
carried out. This has been due to the feeling that 
the equations only treat the hydrodjmamic aspects 
of the problem and totally neglect the contribution 
made to suspension stability arising from electrical 
and other particle-particle interactions. The treat- 
ment is thus valid for dispersion, for example, of 
hard solids in oils but probably is somewhat inade- 
quate for aqueous suspensions of very small par- 
ticles. This again illustrates the complexity of the 
problem of suspensions when viewed from theoreti- 
cal standpoint.* 

CRYSTAL GROWTH AISID CAKING OE 
SEDIMENT 

In practice a tendency of a suspension formula to 
settle or cream slowly does not prevent its adop- 
tion. Nearly all commercial products undergo this 
type of shelf deterioration to varying extents. Nor- 
mally such suspensions are readily restored to their 
original states by moderate shaking. In many in- 
stances, however, redistribution of the sediment is 
not so easily effected because of the tendency of 
some crystals to knit together to form a hard cake. 
This behavior is often due to growth of the crystal- 
line particles, especially at points of contact. 

Increase in crystal size on storage is undesirable 
for other reasons. Larger particles are difficult to 
distribute uniformly. They tend to produce gritty 
texture unsuitable for topical, especially ophthalmic, 
use. These changes, moreover, result in marked 
alteration in rheological properties of the products. 

The basic phenomenon of crystal growth has re- 
ceived very little attention from serious workers up 
to the present time, primarily because of the experi- 
mental difficulty associated with any attempt to 
measure the primary process. Although it is always 
due to growth of the more stable crystal forms at the 
expense of less stable components, the exact extent 
of this growth is extremely difficult to measure on 
real systems. Direct measurement of extent of 
caking of beds formed by settled suspension par- 
ticles, moreover, presents even a greater problem. 
Since the causative process is fairly well established, 
however, it is possible to postulate from purely 
physical chemical and mechanistic standpoints some 
of the factors which may influence the overall proc- 
ess. 

Cause. — Growth of a crystalline phase composed 
of material A is only possible if the thermodynamic 
activity of A in the solution phase is greater than 
that of the material in the crystals. The concentra- 
tion of A, in other words, must be greater in the solu- 


* After completion of this manuscript, the author’s atten- 
tion has been called to a similar treatment by P. G. 
Hawksley, ’‘Some Aspects of Fluid Flow,” Arnold, London, 
HJoI, Mr Ilawksley also has utilized the porous bed ap- 
proach and has obtained good agreement with experimental 
data. 


tion immediately in contact with the crystal than 
the solubilit}' of the particular crystal. Such a 
supersaturated state can be reached by either dis- 
solution of a thermodynamically more energetic 
form of A into the solution, or cooling of an already 
saturated solution. 

It is evident, therefore, for suspension systems 
held at a constant temperature to undergo crystal 
growtli that at least part of the suspended phase 
must be metastable. Since this part of the system 
would always possess greater solubility, the resulting 
saturated solutions would be supersaturated with 
respect to the stable configuration. 

Such a metastable condition may arise as a result 
of a number of different situations. Thus amor- 
phous or glassy preparations always exhibit signifi- 
cantly greater solubility than the corresponding 
crystalline forms. Most high molecular weight 
complex organic compounds exhibit polymorphic 
tendencies, the highest melting form being usually 
the stable modification. Even stable crystals can 
be rendered metastable by mechanical treatments 
which tend to increase the free energy content of 
these systems. Crushing and grinding operations 
usually yield particles whose different surfaces ex- 
hibit significantly higher or lower solubility. This 
behavior can be correlated directly with differences 
in the free surface energy of these powders intro- 
duced during the attrition process. Any crystalline 
flaw produced or an increase in the cumulative 
length of crystalline edges exposed will produce 
higher solubility. 

As is well known, even perfect crystals differing 
in size will have different solubilities. Thus, as an 
example, for the following system: a powder com- 
posed of cubic crystals uniformly O.ly. along one edge 
having a density of 2.0, an average inierfacial tension 
of 50 ergs/cm.- and made of substance having a mole- 
cular weight of 200, we can calculate its relative solu- 
bility over that of coarse crystals from purely 
thermodj'namic standpoint. 

We can write RT \n{S/So) — AEj, where 5 = 
solubility in the powder. So = solubility of the gross 
crystals, and AE, = difiference in the molar free 
energy of those parts of the two systems which are 
involved in the dissolution equilibria. 

This difference can be readily estimated by 
considering the relative effect on free energy of dis- 
solution of infinitesimal amounts of the solid phase. 
Since the only energy difference between the large 
and small crystalline forms is in the surface energy 
we can derive the relation as follows: Let A = 6L- 
and V — L’ where A, V, and L are the area, volume, 
and lineal dimension of the crystal under considera- 
tion. Then dA = \2LdL and dV = ZLHL. But 
the corresponding free energy change, <fE = yd A — 
V2LydL and dF/dV — iylL. The rate of free 
energy change per mole would then correspond to 
the rate per unit volume as derived above multiplied 
by the molar volume of the solute; 

^ = ■hfi 

dn P dV LP 

Introducing the free energy term into the solubility 
equation we find 
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Substituting in the numerical quantities and neg- 
lecting 1/io since it would be expected to be much 
smaller than 1/i, we find In (S/So) = 0.08 at room 
temperature, or roughly 8% higher solubility for the 
powder. For crj'stals tenfold larger, the increase is 
only 1%; for those onlj’ one tenth as large, i. e., O.Ol/i 
on edge, solubility is 2.2 times that of the coarse 
crj'stals. It is evident that the effect becomes 
significant for only very small particles. 

Some Possible Approaches to Prevention. — 
Crystal growth and caking of sediments when due 
to growth can be largely prevented or reduced in 
many cases by proper attention to certain fundamen- 
tals. The approach can be made either thermo- 
dynamicall.v or kinetically. 

Since the cause of crystal growth is due largely to 
the presence of particles at energetic states higher 
than that of the stable form any and all steps taken 
which would tend to minimize this energ)’ difference 
should result in greater stability of the product. 
Thus selection of the stable crystalline modification 
in fonmilating, preparation of powders for suspen- 
sions without mechanical comminution, and use of 
particles of relatively narrow particle size ranges are 
indicated. Another iiossibly useful method is based 
on reducing the free surface energy of the interface 
between the particle surface and the solvent pha.se. 
It is evident from Eq. 0 that if were made verj’ 
small, the effect of particle size could be rendered 
negligible. It is conceivable that addition of 
selected surface active agents can readily reduce 
interfacial tension of most organic drugs against 
water, for example, to less than 10 dyue/cm. 

Even though a susiiension system is cs5cntiall.v 
homogeneous from energetic standpoint, some peri- 
odic dissolution and rccry.stallization may be ex- 
pected as a result of temperature fluctuations during 
storage. For these systems and for case.s where 
inclusion of a melastable form cannot be obviated, 
satisfactory increase in stability can often be 
achieved by retarding the overall growth procc.ss. 
Rate of both growth and nuclcations of the stable 
form can be reduced, for cx'ample, by incrc;ising the 
viscosity of the suspending medium. Since the 
kinetics of both processes is largely determined by 
the diffusion rate, the overall rate would be ax- 
pected to be approximately an inverse function of 
\ iscosity. Thus a tenfold incrciisc in the viscosity 
of the suspending fluid should result in a corre- 
sponding increase in shelf life. 

Another solution to the problem makes use again 
of surface active agents. If a layer of foreign 
material is adsorbed on the surface of the stable 
crystalline surface the rate of deposition of solute 
molecules is greatly decreased. Under certain 
conditions growth can be totally inhibited even 


wlicn in contact with a supersaturated .solution. At 
the same time the rate of .solution of the more 
soluble particles woidd be correspondingly dimin- 
ished by the same film. Certain proteins which may 
undergo some denaturation at the interface seem to 
be jiarticularly efficacious for this purpose. 

DIFFUSIONAL BEHAVIOR OF SUSPENDED 
DRUGS 

This is an extremely interesting area of study for 
physical chemists as man}' model situations can be 
set up and .solved mathematicall}'. A good deal of 
Jittention has already been directed toward the 
more basic aspects of the problem and has permitted 
intelligent application of theories to practical prob- 
lems 

Since this .short survey is hardly adequate to treat 
the entire field, I have listed below a few types of 
difliLsional problems pertaining to suspensions for 
which mathematical solutions arc prcsentl}' avail- 
able. 

1. Diffusion of drugs from a finite thickness of a 
thick suspension layer into a constantly depleted 
layer, the drug being dissolved in the external phase. 

2. Same as 1, except that the drug is now the 
suspended idiasc. 

2. Diffusion of drug into and through a barrier 
of finite thickness containing a suspended phase 
having an affinit}' for the drug diflcrent tlian the 
external Jihase, 

Many others of similar tj-pe can and have been 
readily solved. 

GENERAL REMARKS 

Front the preceding examples and discussions it 
is apparent that physical chemists must choose 
their ground of operation very carefully if they 
arc to contribute significantly to such applied 
problems ns suspension formulation. As is evi- 
dent, there arc large areas related to the pharma- 
ceutical systems of interest in which we can make 
good use of our educational background. Wc 
must realize, on the one hand, tliat there are cer- 
tain aspects concerning which the basic theories 
arc so inadequate that experimentation alone can 
give us the answer. On the other, we must make 
the bc.st of unsatisfactory situations. Unlike 
classical physical chemists we must stand ready 
to work with messy, complex systems in which 
many of the variables are not controlled. 



The Effect of Vehicle and Particle Size on the 
Absorption, by the Intramuscular Route, 
of Procaine Penicillin G Suspensions* 

By F. H. BUCKWALTER and H. L. DICKISON 

Serum concentrations in rabbits following intramuscular injection of numerous 
suspensions of procaine penicillin G in various vehicles have been presented. The 
effects of the nature of the vehicle and the particle size of the procaine penicillin G 
have been studied. The results indicate that the most practical formulation for de- 
layed absorption is 300,000 units of small particle (less than 5^l) procaine penicillin 
G per cc. of peanut oil or sesame oil gelled with 2% aluminum monostearate. Ex- 
tensive data in human subjects are submitted to corroborate the animal results. 


A new absorption delaying vehicle for peni- 
cillin has been reported by Buckwaltcr and 
Dickison (1). A formulation using this vehicle 
and procaine penicillin G of small particle size 
(particles less tlian 5 g) has been used for several 
years as standard treatment for many of the 
treponemal diseases. 

Very little is known about the mechanism of 
absorption of drugs after any route of administra- 
tion. Actual determination of the concentration 
of a drug in the blood stream was virtually un- 
practiced until the advent of the sulfonamides. 
Marshall (2) introduced the method for the de- 
termination of sulfonamides in blood. With the 
introduction of penicillin and other antibiotics, 
the determination of serum concentrations came 
into widespread use. 

These determinations indicated that following 
intramuscular injections of aqueous solutions of 
sodium or potassium penicillin G rapid absorption 
occurred with the production of high serum levels 
of penicillin. These high serum concentrations 
decreased rapidly in a few hours due to the rapid 
e.xcretion of penicillin in the urine after its re- 
moval from the site of injection. It became de- 
sirable to prevent this rapid absorption with its 
attendant high serum concentration and to spread 
the absorption over longer periods of time thus 
maintaining therapeutic serum concentrations for 
days instead of hours. 

The absorption of penicillin following intra- 
muscular injection could be influenced by the 
following: 

(a) The nature of the penicillin salt used. — ^In 
general the more soluble the salt the more quickly 
it will be absorbed and vice versa. The relatively 
insoluble salts, procaine penicillin G and benza- 
thine penicillin G give much slower absorption 

* Received February 14, 195S, from tbe Research Division, 
Bristol Laboratories, Iac.> Syracuse 1. N. Y. 

Presented at a joint meeting of the Physical Chemistry 
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than the soluble potassium and sodium penicillins. 

(b) The nature of the vehicle used. — In gen- 
eral, oil vehicles slow up absorption and aqueous 
vehicles speed absorption. The field of vehicles 
for intramuscular use is still virtually unexplored. 

(c) Crystal form of the penicillin salt used. — 
This is rather virgin territorj’’ but there does seem 
to be an efTect, which is still undetermined, of 
crystal form on absorption. 

(d) Particle size and particle size distribution. 
— ^This is very probably a most important aspect 
of absorption. Generally large particles are more 
slowly absorbed than small particles but there are 
noteworthy exceptions to this. 

(e) Coating of the particles of the drug for 
delaying absorption. 

(f) Viscosity of the product. — Viscosity per se 
does not appear to influence absorption since some 
rather viscous products are absorbed faster than 
less viscous products. 

EXPERIMENTAL 

During the work on repository penicillin we com- 
piled a tremendous amount of data on both rabbits 
and man. This report covers only some of the 
more salient points and it has been necessary to 
leave out entirely a good share of the work. As 
just one example, we can say that zirconium and 
germanium stearates behave the same as aluminum 
stearate when gelled with vegetable oils and dela 5 f 
absorption whereas calcium, zinc, and magnesium 
stearates appear to have very little or no effect on 
the rate of absorption. 

The work presented represents tbe results ob- 
tained following intramuscular injections of various 
formulations in rabbits and man. In all of the 
rabbit studies, intramuscular injection of 50,000 
units/Kg. were made into the thigh muscles, since 
we have found that this dosage in rabbits correlates 
rather closely with the results obtained following the 
intramuscular injection of 300,000 units into man. 
In the rabbit studies, a minimum of 5 rabbits was 
used for each formulation so that all data given 
represent the average of the results obtained with at 
least 5 rabbits. Each human subject received a 
single intramuscular injection of 300,000 units def"' 
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into the gluteal miiselc In both the animal and 
human work, we eonsidcred 0 03 unit of penicillin 
per cc of plasma as the theoretical ininimum ef- 
fective concentration Wc have found in both 
rabbits and humans that the percentage of rabbits 
or humans show mg a blood level of 0 03 unit or 
higher at any stated hour is a most important 
criterion for a repository product In many form- 
ulations there has been found a good repository ef- 
fect 111 a portion of the animals or humans but the 
percentage was too low’ for a practical repositorj 
product Many formulations tested showed an 
average blond level at sc\eiit>-two or nniety-si\ 
hours of greater than 0 03 unit but the iiercent.ige 
of patients who showed a blood level of 0 03 unit 
or higher was less than 50% In this work there 
was used a requirement or criterion that a good 
repository product must not only show an average 
blood level of 0 03 unit or higher but 80% or more 
of the patients must also show 0 03 unit or higher at 
whatever hour that might be claimed for the prod- 
uct 

KI.SULTS 

Table I represents .i comparison of rabbit blood 
Icecls using micromrcd procaine pcmcilhn G in 11 
different \ chicles These \ chicles nieludcd sesame 
oil alone, sesame oil gelled with 1 to 5''n ahniiimim 
monostcarate and sesame oil with 1 to 5% beeswav 
The procanio penicillin G used had Oo'a'i of the par 
tides below 5 and essentially 100% of the particles 
were less than 10 g These data indicate that alu- 
minum monostcarate has a \tr\ considerable cfTcct 
in dclajing absorption wherc.is beeswa\ has oiilv 
a slight elTcct 

Table II represents a comparison of rabbit blood 


levels using 100 mesh procaine penicillin G in the 
same 11 vehicles described above The 100 mesh 
procaine penicillin G represented material which 
went through an 80-mesh screen but was retained on 
a 100-mcsh screen so that the material had a particle 
size distribution of approximately 150-175 ft. Mi- 
croscopic examination corroborated this approxi- 
mate particle size range These data indicate that 
these relatively large particles tend to delay to some 
extent absorption in the oil alone and in the oil- 
beeswax \ eludes but ai)pc.ir to accelerate absorption 
in the aluminum nionostc.irate vehicles. 

Table III represents a comparison of rabbit blood 
lex els using 250 mesh procaine penicillin G in the 
s.iine 11 vehicles described above. The 250 mesh 
procaine pemcilhn G represented material which 
went through a 250-niesh screen but xxas retained on 
a 325-mesh screen so that the material had a particle 
size distribution of approximately 45-CO Micro- 
scopic examination corroborated this approximate 
particle size range These data indicate that these 
relatix cly small p.irtides arc absorbed rather rapidly 
111 the oil .iloiiL .ind in the oil-bccswax \ chicles but 
are absorbeil rather slowly from the aluminum 
mniiostcarate X’chidcs 

The entire series represented in Tables I, II, and 
III were riiicated using peanut oil in place of sesame 
oil The results obtained were quite similar to 
those obUimcd w ith sesame oil There is apparently 
no significant diffcraicc betw ecu the tw o oils m so far 
as absorption is concerned 

Table I\’ represents a condensation of some of the 
results 111 Tables I, II, and III. It shows the elTect 
of particle size of the procaine penicillin G m sesame 
oil. 111 scs.ime oil gelled xxith 2% aluminum mono- 
stearate, and in scs.ime oil containing 5% beeswax. 
These data indicate that large particles of procaine 


Taole I — PrsiciLLiN Scrum Conccstrations in RAnniTS. 
Micromzed Procaine Penicillin G (300,(100 Units/cc ) i.n Sesame Oil Vehicles 
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° ALMST = Aluminum monostcarate NR = No rones of mtiibiiion 


Table II, Penicillin Serum Concentrations in Rabbits 
100 Mesh (Large Particle) Procaine Penicillin G (300,000 Units/cc ) in Sesame Oil Vehicles 
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